This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


80001 621 7M 


1 


QUAIN'S   ANATOMY. 


I 

\ 


QUAIN'S 

ELEMENTS  OP  ANATOMY 


XDITKD  BT 

ALLEN    THOMSON,  M.D.,  D.C.L.  LL.D.,  F.RS. 

fOKMKBLT  PROraMOB  OT  AHATOMT  IH  THI  UIHVaKSITf  OF  OLA800W 


EDWARD   ALBERT    SCHAFER,  F.RS. 

AssoTAirr  piiorusoB  or  phtbioloot  nr  unitbbsitt  oollmb,  lohdov 
AND 

GEORGE   DANCfER    THANE, 

rmoraMOB  or  abatomt  w  uhtimitt  ooluoi,  LoaDoa 


IN   TWO   VOLUMES. 

VOL.  IL 

ILLUSTRATED    BY    NEARLY    600    ENQRAVINOS,   OF    WHICH     IB    ARE    COLOURED 


LONDON : 

LONGMANS,    GREEN,    AND    CO., 

1882. 


M 
1 


"UDBomr, 


LOHDOirt 


AOWBw,  it  00..  PRrvnaa, 


WHiVKrarAiM. 


i 


CONTENTS. 


GENE&AL  ANATOMY   OB  HISTOLOGY. 


FAOE 

r,Esi:r.AL  Considerations    .        .  i 

i»-j.ct  of  Histol<j^         .         .     .  I 

Enuinomtion  ot  the  Tissues .         .  I 

Or^inio  Sy litems     .         .         .     .  2 

Srnictural  Elements    ...  2 

l:iUro»:llular  Substance  .         .     .  2 

Thl  AxiMAL  Cell          ...  3 

TLe  Protoplasm  of  the  Cell      .     .  3 

<  oatraotility  of  Protoplasm          .  5 

<.  hcmic.'al  Changes  in  Protoplasm  8 

The  Nucleus  of  the  Cell  .         .     .  8 

Stru'jture  of  the  Nucleus      .        .  9 

•  Vmical  Nature  of  the  Nucleus  10 

Multiplication  of  Cells    .         .     .  II 
Ori:;ln  of  Oils     .         .         .         .16 

T'-n-Dature  of  the  Ovum          .     .  16 
l*:-iu<-tion    of   Embryonic    Cells 

frr»m  the  Ovum     .         .         .18 

T:**  Nutrition  and  Growth  of  Cells  2 1 

7'::-  Hixxjd 23 

Vnruiri-ation    of    Hlood-corpuscles  23 

L*  i  <  or|»us<;les  of  the  Blood  24 

Tii^ir  .Structure  and  Composition  26 

H:--l-f  rystals          .         .         .     .  27 
Stm  tnr».-  of  the  lied  Coqiuscles 

of  the  Ivowcr  Vertcbrata        .  28 

O  I  ';i  !•  M  Coryaiscles  of  the  Blood  29 

Ti  <  ir  Ani'i.boid  Movements    .     .  30 
A  :...n     f-f    Keaj^cnts    upon    the 

r^.lo'irlfss  Corimscles    .         .  32 
<Jth'-r    Mi<ros<M)pic    Elements   in 

lil^H-l 32 

7i:F:  LvMiii  AND  Chyle         .  33 

<t":;f-nil  Acroiintofthe  Abs^»rbciit.s  33 

Tij-?  <  orjius^'les  of  the  Lymph  .     .  33 
<'n^in  of  the  Lymph  and  Colour- 

l*-ss  Blood- corpuscles     .         .  34 
I'-w.lf/pment  of  tlie   Ked  Blood- 

rorpus^'les         .         .         .     .  34 
F.n  rn  F.LI  A  L  Tissue         .         .         .40 

It-  Strurtnre  in  General  .         .     .  41 

<  ii-i^iti'-ation  of  Epithelia     .         .  42 

V  irii  tit  s  of  Epithelium  .         .     .  43 
r:li.it«<l  ?2pithelium      .         .         .48 

C.i.irv  Motion         .         .         .     .  52 

r..vN-F«rivK  Tissue       .        .        .  55 

Ar-Tilar  T'H^ue          .         .         •     .  55 


Fibrous  Tissue     . 

Elastic  Tissue 

Microscopic  Structure  of  Connec 

tive  Tissue    . 
Fibres  of  Connective  Tissue 
Connective  Tissue  Corpuscles 
Special  Varieties    of  Connective 

Tissue      ... 
Development  of  Connective  Tissue 
Adipoee  Tissue    . 
Pigment-cells . 
Cartilage     .... 
Hyaline  Cartilage   . 
Elastic  Cartilage . 
White  Fibro-cartilage 
Development  of  Cartilage    . 
Bone        .... 
Its  minute  structure    . 
The  Periosteum 
The  Marrow 
The  Blood-vessels  and  Lymphatics 

of  Bone   .... 
Formation  of  Bono 
Intramembmnous  Ossification 
Ossification  in  Cartilage  . 
Growth  and  Absorption  of  Bone 
Regeneration  of  Bone 
Muscular  Tissue   .      .        . 
Structure  of  Voluntary  iluscles 
Contraction  of  Muscle . 
Ending  of  Muscle  in  Tendon     . 
Vessels  of  Muscle 
Lymphatics  of  Muscle 
Development  of  Voluntary  Muscle 
Involuntary  Muscles 
Plain  Muscular  Tissue 
Cardiac  Muscular  Tissue 
Tissues  of  the  Neuvous  Svstkm 
Nerve-fibres    .... 
Stnicture    of  Mcdullated    nervi 

fibres        .... 
Non-medullatcd  fibres 
Nerve-cells      .... 
Neuroglia     .... 
Construction  of  the  Nerves 
Construction  of  the  Ganglia . 
Origins  of  the  Nerves 


PAOB 

56 


57 
57 

69 

70 

73 
76 

77 
78 
82 
82 
84 

87 
8S 

98 
98 

100 

lOI 

102 
105 
114 
116 
118 
118 
125 
130 
130 
131 
132 
133 
133 
135 
^37 
138 

139 
M5 
M5 
149 
150 

III 


CONTENTS. 


PAGE 

Termination  of  Nerves       .        .159 

Terminations  of  Sensory  Nerves .  161 

Terminations  of  Motor  Nerves  .  174 

Development  of  Nerves .        .     .  178 
Degeneration  and  regeneration  of 

nerves 179 

Blood-vessels                     .        .183 
Arteries :  their  Mode  of  Distribu- 
tion      183 

Structure  of  Arteries              .     .  184 

Veins 189 

Capillary  vessels    .        .        .     .  192 
Development  of  Blood-vesssls     .  197 
Lymphatic  System.                .    .  201 
Distribution  and  Origin  of  Lym- 
phatic Vessels        .        .     .  201 
Structure  of  Lymphatic  Vessels.  203 
Terminations  of  Lymphatics       .  207 
Lymnhatic  hearts       .        .  208 
Dicvelopmeut  of  Lymphatic  vessels  208 
Lymphatic  glands      .  208 
Other  Organs  composed  of  lym- 
phoid tissue        .        .        .  213 


PAOB 

Serous  Membranes       .       .    .  214 

Their  arrangement  and  structure  215 

Synovial  Membranes        .        .  218 
Varieties  of  Synovial  Membranes  219 
Structure     of  Synovial     Mem- 
branes     221 

Secreting  Glands      .        .        .  223 

Varieties  of  Secreting  glands     .  226 

Discharge  of  the  Secretion    .     .  230 

Mucous  Membranes   .  .231 

Their  Structure     .  .     .  232 

The  Skin 236 

The  Epidermis       .        .        .     .  236 

Nerves  of  the  Epidermis    .  238 

The  True  Skin       .        .        .     .  239 

Papillffi  of  the  Skin  .  .  241 

Vessels  and  Nerves  of  the  Skin .  242 

Nails 243 

Uairs 245 

Glands  of  the  Skin    .        .        .  252 

Addenda 257 


SPECIAL   ANATOMY    OF    THE    VISCERA    OB 
SPLANCHNOLOGY. 


Tm  Cerebro-Spinal  Axis  . 
The  Spinal  Cord 
External  Form 
Internal  Structure     . 
Microscopic  Structure    . 
Origin  of  the  Spinal  Nerves 
Course  of  Fibres  in  the  Spinal 
Cord  .... 
The  Medulla  Oblongata 
Its  External  Characters 
Its  Internal  Structure 
Course  of  Nerve-Fibres  through 
the  Medulla  . 
The  Cerebellum  and  Pons 
The  Pons  Varolii    . 
The  Cerebellum 
External  Characters  of  the  Cere- 
bellum  .... 
Internal  Structure  . 
Minute  Structure  of  the  Cere- 
bellum  .... 
The  Mesencephalon 
Crura  Cerebri     . 
Corpora  Quadrigemina    . 
The  Thalamencephalon 
The  Optic  Thalami. 
The  Pineal  Body 
The  Corpora  Albicantia  . 
The  Pituitary  Body    . 
The  Cerebral  Hemispheres 
Their  External  Conformation 
Selation  of  the  Fissures  and 
Convolutions  to  the  Cranial 
Saturcs       .... 


259 
259 
262 
266 
269 
275 

277 
280 
288 
291 

298 
299 
299 
305 

305 
309 

3" 
314 
315 
318 
321 
324 
326 

327 
328 

329 
329 


341 


Internal  Parts  ot  the  licmi- 

sphercs        ....  342 

The  Corpus  Callosum         .     .  342 

The  Fornix     .  .  347 

The  Corpora  Striata   .        -     -  35^ 
Minute  Structure  of  the  Corpora 

Striata  ....  353 
Intimate  Structure  of  the  Cere- 
bral Hemispheres  .  .  .  354 
Structure  of  the  White  Matter  354 
Structure  of  the  Grey  Matter  .  356 
Structure  of  the  Hippocampus 

Major         ....  360 

Structure  of  the  Olfactory  Lobe  361 

Origin  of  the  Cranial  Nerves  .  363 

Meynert's  Views         .        .     .  370 

TuE  Membranes  of  the  Brain 

AND  Spinal  Cord      .        .  371 

The  Dura  Mater         .        .     .  371 

The  Pia  Mater        .  .  375 

The  Arachnoid  Membrane .     .  376 

Blood-vessels  of  the  Brain 

AND  Spinal  Cord     .        .  380 
Size  and  Weight  of  the  En- 

cephalon      .        .        .    .  382 

Organs  of  the  Senses       .        .  385 

The  Eye 385 

The  Eyelids  and  Conjunctiva  .  385 

The  Lachrymal  Apparatus.     .  389 

The  Globe  of  the  Eye  .  390 

The  Sclerotic  Coat      .         .     .  391 

The  Cornea    ....  394 

The  Choroid  Coat  .     .  400 

The  Iris 404 

The  Retina        ....  408 


CONTENTS. 


Tii 


PAGE 

TIms  Vitreons  Body         .        .     422 

The  Lens 425 

The  Aqueous  Chamher   .  429 

TkE  Eau 430 

The  External  Ear  .     .     430 

The  Pinna  .         .         .431 

The  External  Auditory  Canal .  433 
The  Middle  Ear  or  Tympanum  434 
The  Small  Bones  of  the  Ear  .  439 
The    Internal    Ear   or   Lahy- 

rinth  .... 
The  Osseous  Lahyrinth 
The  Memhranous  LAbyrinth 
The  Semicircular  Canals . 
The  Cochlea 
The  Organ  of  Corti. 
The  Nose    .... 
GartiUffes  of  the  Nose 
Nasal  f  ossffi 
Nasal  Mucous  Membmne 
The  Organ  of  Jacobson 
Tub  Thoracic  Yisceba 
The  Mediastinum . 
The  Pericardium 
Tjie  Heart     .        . 
Form  and  Position 
lu  csTities    .... 
Kelation  of  its  parts  to  the  Tho- 
racic Wall  . 
Intimate  structure 
Arrangement  of  Muscular  Fascl 

cull     .... 
Structure  of  the  Epicardium  . 
Structure  of  the  Endocardium 
Dimensions  and  weight  of  the 
Heart. 
OcGAys  oy  Respiration  . 
The  Pleuras 

The  Lun;^     .... 
The  Trachea  and  the  Bronchi 
Structure  of  the  Air-tubes 
Structure  of  the  Pulmonary  sub- 
stance 
Vessels  and  Nerves  of  the  Lungi 
The  Larynx    . 

Cartila^^s  of  the  Larynx 
Li^raments  of  the  Larynx 
Interior  of  the  Larynx 
Muicles  of  the  Larynx 
Macoua  Membrane 
Vessels  and  Nerves 
Ductless  Gijlnds  ox  Ak  Larynx 
AND  Trachea    . 
The  Thyroid  Body 
The  Thymus  Gland    . 
Organs  or  Diqbstion      •       • 
The  Mouth 
The  Teeth.      •. 
General  Ohmctm 
Structure        ^        •        . 
Development  aflMbrmati 
Secondary  Dentine 
The  Tongue 

Mucous  Membrane 


rAL 


446 
446 
449 
451 
455 
461 
468 
469 
476 
471 
475 
477 
477 
478 
480 
480 
482 

491 
493 

494 
499 
500 

500 
502 
502 

503 
507 

S" 

5'f 
S18 

522 

522 

526 

528 

538 

538 
538 
541 
544 
544 
545 
545 
549 
555 
564 

^P 
565 


PACK 

Papillffi  .        •        •        ,    .  566 

Toste-buds .        .        •        .  567 

Glands 570 

Muscular  Substance    .        .  570 

ThePahite                          •    •  573 

The  Tonsils    ....  574 

The  Salivary  Glands  .        .     .  574 

Parotid  Gland    .         .        -574 

Submaxillary  Gland        .     .  576 

Sublingual  Gland        .        •  577 

Structure   of  the    Salivary 

Glands        .         .        .     .  578 

The  Pharynx  .  .        .583 

The  (Esophagus  .               .    .  585 

Structure        ....  586 

The  Abdominal  Viscera   .    .  588 

The  Abdomen         ...  588 

The  Peritoneum         .        .     .  588 

The  Stomach  ....  589 

Shape 589 

Connections   ....  590 

Structure 590 

Glands 593 

Vessels  and  Nerves    .        .    .  597 

The  Pylorus   .  .        .598 

The  Small  Intestine        .    .  599 

Structure       ....  599 

VUU 601 

Glands 604 

Vessels  and  Nerves    .        .    .  606 

Special  Characters  of  its  parts.  608 

The  Large  Intestine     .       .611 

Structure 612 

Special  Characters  of  its  parts.  614 

The  Anus  .                 ...  619 

The  Liver       ....  620 

External  Cbai*acters  .        .     .  620 

Position 623 

Vessels  and  Nerves    .        .     .  623 

Excretory  Apparatus      .        .  625 

Structure  of  the  Liver        .     .  626 

Structure  of  the  Gall-bladder  .  634 

The  Pancreas     .        .        .    .  634 

Po^lition  and  Foim .        .        .  634 

Structure 637 

The  Spleen         ....  639 

Position  and  Form         .        .     .  639 

Structure 639 

Suprarenal  Bodies       .        .    .  643 

The  Urinary  Groans         .       .  647 

The  Kidneys      .               .    .  647 

Position         ....  647 

Form  and  Connections        .    .  649 

Structure        ....  649 

Blood-vessels     .                 .     .  656 

The  Ureters    ....  600 

The  UiiiNARY  Bladder       .    .  661 

Position         ....  662 

Connections                        .    .  663 

Interior 665 

Structure 665 

Reproductive    Groans    in   the 

Male         ....  668 

The  Prostate  Gland  .        .    .  669 


CONTENTS. 


Thb  Penis 

Corpora  CaTcrnosa 

Corpus  Spongiosum 

Urethra     .... 
Thb  Testes 

The  Spermatic  Cord  . 

The  luf^inal  Canal 

The  Scrotum     . 

Form  and  Position  of  the  Testes 

Structure  of  the  Testis   . 

Ducts  of  the  Testis    . 

The  Vas  Deferens  . 

The  Seminal  Vesicles 

Vessels  and  Nerves  of  the  Testis 

The  Semeu     . 

BePRODUCTIVB     GeGANS    in     TIIK 

Female 

The  Vulva 
Integuments  and  Labia 
Clitoris  .... 

The  Urethra 


PAGE 

671 
672 

675 
676 
681 
681 
681 
(582 
68s 
686 
691 
693 
695 
696 
697 

699 
699 
699 
699 
703 


The  Vagina    . 
The  Uterus 

Position  and  Dimensions 

Cavity 

Structure 

Ligaments 

Vessels  and  Nerves 

Periodic  Changes 
The  Fallopian  Tude.h 
The  Ovaries 

Form  and  PositioH . 

Structure  . 

Graafian  Follicles   . 

Corpora  Lutea   . 

Vessels  and  Nerves 

Parovarium 
Mam  MARY  6l  an  ds 
Position 
Structure  . 

MUk     .... 
The  Peritoneum 


PAGE 

703 
705 
705 
706 
707 
710 

7" 
711 

713 
714 
714 
716 
716 
720 
720 
720 
721 
721 
722 
724 
725 


EMBBTOLOGY. 


I.  The  Ovtm  before  Embrtonic 
Development    .        .    . 

The  Ovarian  Ovum     . 

Maturation  of  the  Ovum.     . 

Fecundation  of  the  Ovum    . 

Segmentation  •    . 

IL  Development  of  the  Ovum 
in  General  . 
The  Blastoderm     .       .    . 

Earliest  Steps  of  Develop- 
ment      .... 

Relation  of  the  Blastodermic 
Layers  to  the  Development 
of  different  systems  and 
OTfjOnB      .... 

Origin  and  Constitution  of 
the  Layers  .        .        .     . 

General    Relations    to    the 
Ovum     .... 
in.  Special  History  of  the  De- 
velopment of  the  Ovum 
1.  Devei^opment  of  Extra-Em- 
bryonic Parts 

Membranes  of  the  Ovum 

The  Yolk-sac 

The  Amnion  . 

TheAUantois     . 

The  Chorion  .... 
Human  Utero-gbstation     . 

Early  Stages  of  the  Human 
Ovum         .        .        •    . 

Enclosure  in  the  Uterine  De- 
cidna 
The  Placenta     . 

Its  Early  Development  .    . 

Its  Stroctiire 


Relation  of  Fcetal  and  Ma- 

731 

ternal    Elemcnits    in    tho 

73^ 

placenta  .... 
Relation  of  Uterine  Glands 

735 

739 

to  Placenta      . 

741 

Separation  at  Birth  and  Re- 

storation of  Uterine  Mu- 

747 

cous  Membrane  .        .     . 

747 

2.  Development  OF  Particular 

Systems  and  Organs     . 

747 

A.    Development    of    the 

Framework  OF  THE  Body 

First  Rudiments  of  the 

Embryo  .       .        .    . 

750 

Primitive      Streak     and 

Groove 

752 

Medullary  Groove        .     . 

Notochord 

758 

Mesobbstic  Somites    .     . 

Formation  of  the  Trunk  . 

763 

Vertebral  Column       .     . 

Ribs  and  Sternum   . 

763 

Muscles      .... 

763 

Body-Walls     . 

763 

Flexion  of  the  Embryo    . 

765 

Formation  of  the  Limbs 

766 

Integument  .        .        .    . 

770 

Formation  of  the  Head 

771 

The  Cranium  . 

The  Face    .        .        .    . 

771 

The  Visceral  Arches 

B.     Development    of  the 

776 

Nervous  System      .    . 

779 

The  Cerebbo-spinal  Cen- 

779 

tre     .... 

782 

The  Spinal  Cord .        .     . 

784 
785 

786 

786 
786 

786 


788 
790 
792 
794 
794 
798 
798 
800 
801 
802 
806 
807 
809 
811 
815 

818 

81S 

820 


UONTENTS. 

PAGE    1 

The  Encephalon 

Further   Development   of 

823 

the  Encephalon       .     . 

828 

TheNenres 

836 

TuE  Organs  op  Sense. 

841 

The  Eye. 

841 

The  Ear      . 

848 

The  Nose 

854 

Development    op     the 

Vascular  System  .     . 

855 

The  Heart 

857 

The  Principal  Arteries 
The  Great  Veins 

867 

871 

Peculiarities  of  the  Foetal 

circnlation                .     . 

874 

Clianfres  at  Birth     . 

876 

Lvmphatic  System      .     . 
The  Spleen 

?77 
877 

.  Development     op     the 

Aldientart   Canal    and 

AssocLATED  Organs  . 

878 

Alimentary  Canal        .     . 

878 

The  Liver  and  Pancreas   . 

884 

Tlie  Longs,  Trachea,  and 

I^irjTix 

887 

IND 

The  Thyroid  and  Thymus 

Bodies     .        .        .    . 

I.  Development     of     the 

Urinary  and   Genera 

TivE  Organs  . 
Primary  Development 

The  Wolffian  Bodies   . 

WolfiBan  and  MUllerian 
Ducts 

The  Genital  Ridge  . 

The  External  Oi^ans  . 
Further  Development 

The  Eidnevs 

Urinary  Bladder 

Genital  Cord 

Reproductive  Glands 

The  Genital  Passa^^es  . 

The  External  Orgims 
Type  op  Formation     . 

Tahle  of  the  Correspond- 
ing Parts  in  the  two 
Sexes   . 

BlBUOGRAPHY 


iz 

page 

8S9 


890 

^' 
894 

894 

896 

896 

897 
898 

904 

908 

910 


911 

912 

919 


GENERAL  ANATOMY,  OR  HISTOLOGY. 


General  Anatoht,  or  as  it  is  now  more  cominoDlj  termed 
Histology,  is  that  branch  of  Anatomj  which  treats  of  the  strnctnre 
of  the  textures.  As  has  already  been  explained  (see  Introduction  in 
VoL  I.),  the  body  of  every  one  of  the  higher  animals  is  made  up  of 
organs  adapted  for  the  performance  of  its  several  functions,  and  these 
organs  are  themselves  composed  of  various  tissues  or  textures.  In  oMer 
that  the  structure  of  any  organ  or  part  of  the  body  should  be  understood, 
it  is  necessary  to  study,  both  together  and  separately,  the  several  tissues 
of  which  it  is  composed,  in  order  to  ascertain  their  composition  and  the 
manner  in  which  they  are  combined  to  constitute  the  organ  or  part  in 
question.  This  is  chiefly  effected  by  minute  dissociations  and  thin 
sections,  which  are  observed  with  the  aid  of  the  microscope,  and  hence  the 
terms  "  Minute  Anatomy  "  and  "Microscopic  Anatomy  are  also  applied 
to  this  branch  of  the  science.  It  is  found  that  when  the  body  is  thus  dis- 
sected or  analyzed  by  the  aid  of  the  microscope,  that  the  number  of 
distinct  tissues  which  are  met  with  is  comparatively  small,  and  some 
of  these  again,  although  at  first  sight  to  all  appearance  distinct,  yet  have 
so  much  in  common  in  their  structure  and  origin  one  with  another 
(forms  of  transition  also  being  met  with  between  them),  that  the 
number  becomes  still  further  reduced.  The  elementary  tissues  which 
are  generally  enumerated  are  as  follows : — 

Epithelium  or  epithelial  tissue. 

Connective  tissue  with  its  varieties,  including  adipose  tissue. 

Cartilage  and  its  varieties. 

Bone  or  osseous  tissue. 

Muscular  tissue. 

Nervous  tissue. 

The  dements  which  are  met  with  suspended  in  the  fluids  of  the  body* 
such  as  the  corpuscles  in  the  blood,  are  also  enumerated  amongst  the 
elementaiy  tissues.    So  that  we  may  add  to  tiie  above  list : — 

Blood-  and  lymph-corpuscles. 

Many  of  the  organs  are  formed  wholly  of  a  single  one  of  these  ele- 
mentaiy tissues,  or  with  a  comparatively  sh'ght  intermixture  of  others. 
Thus  the  muscles  are  made  up  almost  entirely  of  muscular  tissue,  with 
but  a  smaD  intermixture  of  connective  tissue,  blood-vessels  and  nerves : 
and  the  same  is  the  case  with  the  bones  ;  whilst  the  cartilages  are  com- 
posed wholly  of  the  tissue  of  the  same  name.  On  the  other  hand,  there 
are  certain  organs  or  parts  of  the  body  not  in  themselves  distinguished  by 
the  preponderance  of  any  special  tissue,  but  compounded  of  two  or  more 
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in  varying  proportion,  which  it  is  neverthdess  convenient  to  describe 
along  with  the  elementary  tissues,  on  account  of  their  wide  distribution 
in  the  body,  and  their  uniformity  of  structure  in  different  parts.  These 
are  : — 

Blood-vessels. 

Lymphatic  vessels. 

Lymphatic  glands  and  bodies  of  like  structure. 

Serous  membranes. 

Synovial  membranes. 

Secreting  glands. 

Mucous  membranes. 

Integument. 

Every  texture  taken  as  a  whole  was  viewed  by  Bichat  (Anatomic 
g^n^rale,  1801)  as  constituting  a  peculiar  system,  presenting  throughout  its 
whole  extent  in  the  body  characters  either  the  same,  or  modified  only  so 
&r  as  its  local  connections  and  uses  render  necessary ;  he  accordingly 
used  the  term  *'  organic  systems  "  to  designate  the  textures  taken  in  this 
point  of  view.  Of  the  organic  systems  above  enumerated  some  are 
found  in  nearly  every  organ  ;  such  is  the  case  with  the  connective  tissue, 
which  serves  as  a  binding  material  to  hold  together  the  other  tissues 
which  go  to  form  an  organ ;  the  vessels,  which  convey  fluids  for  the 
nutrition  of  the  other  textures,  and  the  nerves,  which  establish  a  mutual 
dependence  among  different  organs.  These  were  named  by  Bichat  the 
**  general  systems,  to  distinguish  them  from  others  such  as  the  cartil- 
aginous and  osseous,  which  being  confined  to  a  limited  number  or  to  a 
p^icular  class  of  organs,  he  named  "  particular  systems." 

Stractural  elements. — When  any  tissue  is  separated  by  the  aid  of 
the  microscope  into  the  simplest  parts  which  possess  assignable  form, 
such  parts  are  termed  the  structural  elements  of  the  tissue.  In  almost 
every  tissue,  some  at  least  of  these  structural  elements  retain  to  a  certain 
extent  the  characters  of  the  elementary  corpuscles  of  which  the  whole 
body  is  originally  composed.  These  structural  elements  are  named  the 
"  cells  "  of  the  tissue.  Others  again  lose  for  the  most  part  those  cha- 
racters, and  becoming  elongated  and  modified  in  structure,  are  termed 
ihe  fibres  of  the  tissue,  whilst  in  other  cases,  fibres  are  formed  not  from 
the  cells  but  between  them.  Except  the  epithelium,  all  the  tissues  have 
fibres  as  characteristic  structural  elements,  and  some,  as  the  connective 
tissue,  fibres  of  more  than  one  kind.  But  structurally  and  chemically 
as  well  as  functionally,  the  fibres  of  the  several  tissues  differ  widely  fi'om 
one  another. 

ZnterceUuIar  substaiice. — In  addition  to  these  separable  structural 
elements,  many  of  the  tissues  are  composed  of  a  homogeneous  matrix  or 
ground  substance,  in  which  the  structural  elements  are  imbedded.  This 
matrix  may  exist  in  considerable  quantity,  as  in  some  varieties  of  con- 
nective tissue,  or  on  the  other  hand  it  may  be  almost  imperceptible  in 
amount,  serving  merely  as  a  cementing  material  to  connect  together  the 
individual  tissue-elements,  as  in  epithelium.  From  its  softness,  clearness 
and  homogeneity,  this  ground  substance  is  often  apt  to  e8ca])e  olxservation, 
bat  its  existence  may  always  be  rendered  evident  in  conseiiuence  of  the 
property  it  exhibits  of  combining  with  salts  of  silver,  a  brown  doposit 
of  metallic  silver  occurring  in  it  on  subsequent  exjKJsure  to  the  light 
^▼.  Beoklinghausen). 
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Since  all  the  animal  tiflsnes  however  diversified  thev  may  appear, 
ohpnate  as  collections  of  the  elementary  corpuscles  or  cells  above  spoken 
tif,  and  since  these  cells  remain,  many  of  them,  as  constituent  elements 
f»f  the  formed  tissue,  we  must  first  of  all  consider  minutely  what  it  is 
that  constitutes  an  animal  cell,  what  is  its  structure,  its  chemical  com- 
position, its  physical  and  vital  properties,  and  how  and  from  what  the 
(^lls  vf  the  animal  body  arc  developed. 

THE    ANIMAL    CELL, 

A  typical  animal  cell  is  a  corj)uscle  of  microscopic  dimensions,  the  cells 
of  the  numan  body  seldom  exceeding  ^^^thof  an  inch  in  diameter,  and 
many  Ijeinjij  as  small  as  one-tenth  of  this,  or  even  less.  But  whether 
small  or  large,  every  typical  cell  consists  of  two  distinct  parts  :  of  the 
main  substance  of  the  cell,  which  has  received 
the  name  of  protoplasm  (fig.   1,  p),  and  of  a  ^k-  1- 

minute  vt-sicular  structure,  generally  placed  near  ^^^  *. ,  ^ 

tht;  centre  of  the  cell,  and  termed  its  nucleus  (n).        »'     I^S^^^*  i 

THIS    PBOTOPUU9M   OF   THS    OXIiIi. 

The  substance  to  which  the  term  protoplasm 
ha^  l*een  ai)plied  is,  in  its  chemical  nature,  similar 
tu  albumen,  being  mainly  formed   of  proteid 
sal«tance.     It  is  characterized  by  its  affinity  for 
•ritain  staining  fluids,  such  as  solutions  of  car- 
mine   and    hematoxylin.      Although  normaUy.  Fig-  l.— Diagram  of  ah 
i-f.ntaining  a  relatively  large  amount  of  water'  mipkI!' ^"cE  A  s'? ^^°' 
c-<jmbined  in  its  substance,  and  thereby  sharing  '     d.    i  .   .  .; 
n:any  of  the  phy8ical  properticB  of  water   it  is  JiJ^'^^'^Z)  X 

a-.t  mi.SClble  with  that  fluid  whilst   m  the  living      nucleus,  ^^-ith  intranuclear 

o  'nJit i*  »n.    Protoplasm  usually  appears  to  consist     network  and  nucleolus  («'). 
•f  two  distinct  i^ortions  ;   namely,  of  a  clear, 

LMDinironfous  semi-fluid  material,  which  is  in  all  probability  the  essential 
«uJ'«tanrf  :  and  of  minute  granules  or  particles  which  are  embedded  in 
tbf  hyaline  8ul>stauce,  and  which  by  their  presence  give  to  the  protoplasm 
a  ;rranular  appearance.  These  particles,  although  in  most  cells  constantly 
I'n.-M.nt,  are  in  all  probability  not  essential  constituents,  but  are  rather  to 
\w:  ni:unle«l  in  the  light  of  adventitious  matter,  which  has  either  been 
f  nne*!  in  the  protoplasm  itself,  or  has  been  taken  into  it  from  without. 
Y'T  it  irt  often  the  case  that  one  part  of  the  substantte  of  a  cell  is  entirely 
♦r-  troHi  irnmules,  whilst  other  parts  may  be  crowded  with  them,  and  it 
i!i  f 'imd,  that  in  such  instances  the  clear  non-granular  substance  is 
rsiTtiM^.-  of  manifesting  all  the  phenomena  which  are  charac'teristic  of 
ir«t"i»l;4.sm.  Further,  when  the  particles  in  (juestion  are  larger  and 
rii'.ro  distinct,  it  may  often  lie  demonstrated  that  they  are  ditterent  in 
'  •;•  i-ii-al  ^-onstitution  from  the  substance  in  which  they  are  embedded. 

In  addition  to  the  more  solid  particles  above  mentioned,  gl:.»])ules  of 
wat*.ry  fluid  are  also  fre(iuently  met  with.  These  retract  the  light  le^s 
rfr-nirly  than  the  protoplasm  itself,  and  look  like  clear  spaces  in  it: 
L'  n<'*;  'th«y  have  l>een  termed  racuoks.  There  may  be  one,  two,  or  ;i 
rrr.at-T  nnnilMT  of  such  vacuoles  in  a  cell,  and  in  some  cases,  the  proto- 
pla-ni  is  tilled  with  them,  or  occupied  ])y  a  large  space  formed  by  their 
';•  nfiueiK.-e.     This,  as  is  esi)ecially  evident  in  vegetable  celb<,  causes  the 
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oell-substance  to  aHSume  a  reticulated  aspect.  But  where  Taeoolea  are  ac- 
cumulated witliiu  it  to  a  great  extent*  it  m  generally  found  that  the  proto- 
plasm no  longta-  exhibits  certain  iiliaractenstic  properties,  especially  that 
of  amielioid  movement,  ]>rescntly  to  l>e  described,  Yacnoles  are  oflDii 
ahscnt  alt^igcther  from  a  cell,  aud  ^vhcu  jtresentj  api>ear  and  disapi)ear  and 
may  become  b1  lifted  hi  positiou  from  time  to  time. 

What  haa  l>eeu  al)o\'e  dL-scrilxid  as  the  essential  part  of  tlie  protoplasm 

may  itself  exhibit  a  8e|iaraLion  into  two  kinds  of 
Fig.  2.  Buljstance.     For  example,  in  many  celb  tlie  proto- 

pliijsm  (whether  or  not   granular)   may  undei-go  a 

Fig.     2. — StRIATIU     IPITflELlUM     PKLL,    fHOH    THK    DUCT    0?    A 
SALIVAAT    OLAVO;   fitO&lT  XAOKlFtEll.      e!iEUIl>IAa&AKVATia. 

»  gr^  gmtmlar  proiopkm)  i  str,  striie  ;  n,  nucleus. 

differentiation  into  minute  striae^  or  fibrils,  and  clear 

intermediate  substance,  and  in  these  cases  tbere  m 

reaaon  to  regard  the  fibrils  as  perhaps  the  mure  important  jiarfc  of  the 

protoplafiUL     This  ii  the  cajse  with  tbe  cell -substance  in  the  epithelium 

cells  of  many  secreting  glands  or  of  their  ducts  (tig.  2,  sfr),  and  with  the 


Fig,  3. 
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Fig.     3.— A     CiRTILAOE   <rELL    OF    THE    JJALAMAHDKR^    SUOWINO    YtHM    IILAilEHTS    IS    THE 

PRotOPLisil  (Flemmiiig), 
Fig.  4. — Diagram  of  am  aittbial  cell  (wiia  two  wuclei).     (Kloin.) 

siibstaece  of  nervc'C^lls,  and  Flemraing  and  Schleicher  describe  the  pro- 
tophiism  of  the  cells  of  cartilage  as  eonsi sting  of  a  homogeneous  fluid  ill 
which  line  particles  and  minute  fibrils  arc  suspended  (fig,  *3}. 

This  ditlerentiation  (»f  the  proto[iIasm  in  the  form  of  fibrils  would 
appear  to  Ixi  of  mucli  more  general  occurrence  tliau  is  commonlT  sup- 
posed. According  to  the  observations  of  Heitzmann,  Fromann,  Klein, 
and  others,  the  protopiasraicsulistanceof  a  cell  is  to  be  regarded  as  com- 
posed of  a  fiue  network  or  sponge- wurk,  with  a  more  fluid  material  in  its 
interstices,  the  granules  which  arc  seen  in  iirottiphism  being  for  the  most 
jmrt  the  optie^il  sections  of  some  of  the  fibrils  (fig.  4).  At  the  same  time 
it  is  admitted  that  tnie  gnumles  may  also  occur  in  the  interstitial  fluid, 
and  in  gland  cells  the  prinhicts  of  secretion  may  here  become  accumulated. 
Putting  the  same  idea  in  somewhat  different  words,  such  protoplasm  may 
be  descril>ed  as  being  highly  vacuolated  ;  the  substances  found  in  it 
(granules,  materials  of  secretion)  accumulating  in  its  vacuoles* 

Protoplasm  seems  to  be  weakly  alkaline  or  neutral  in  reaction,  althongh 
•ome  of  the  lower  cirganisms,  blue  litn>^\s  grannies,  which  had  been 
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taken  into  the  interior  of  their  protoplasm,  were  observed  by  Engehnann 
after  a  time  to  become  red.  This  may,  however,  have  been  due  to  a  for- 
mation of  acid  aromid  the  granules  analogous  to  that  which  occurs  in 
gastric  digestion  in  the  higher  animals. 

In  oonjnnction  with  Mr.  F.  Ecksteiiif  I  have  made  a  nnmber  of  observations 
opcm  the  white  corpuscles  of  the  blood  in  the  same  manner,  and  always  found 
the  bine  litmus  grannies  which  were  taken  in  by  the  corpuscle  to  remain 
unchanged  in  colour 

That  the  protoplasm  of  a  cell  is  elastic  may  be  inferred  from  the 
manner  in  which  a  layer  of  cells  is  found  to  adapt  itself  to  rapid  and 
(^jQsiderable  alterations  in  the  area  which  it  covers ;  this  is  the  case  for 
instance  with  the  layer  of  cells  which  lines  the  bladder,  and  with  that 
which  covers  the  outer  surface  of  the  lungs. 

Contractility  of  protoplasm. — The  most  striking  and  important 
af  the  phenomena  which  are  exhibited  by  cell-protoplasm  are  those 
which  are  due  to  its  possessing  the  property  of  contractility.  By  this 
is  meant  the  &culty  of  becoming  diminished  in  diameter  in  any  one 
direction,  and  proportionately  increased  or  bulged  out  in  other  directions. 
This  propertr  of  contractiUty  which  protoplasm  possesses  is  shared  by, 
or  rather  perhaps  has  become  transferred  to,  other  forms  of  living  sub- 
stance, not  generally  regarded  as  purely  protoplasmic  in  nature ;  naniely, 
vibratile  cilia  and  muscular  tissue.  But  in  these  the  power  of  diminu- 
QOQ  18  confined  to  one  part  or  direction  only,  whereas  in  unaltered 
protofdaon  the  property  is  possessed  by  all  parts,  and  is  capable  of  being 
aerted  in  any  Erection.  The  following  are  the  phenomena  exhibited 
hj  protoplasm  which  can  be  referred  to  tne  possession  of  this  property: 

1.  AnuBbaid  movement, — As  was  first  shown  by  Rosenhof,  in  1755, 
the  Proteus  animalcule  or  Amceba,  which  is  composed  almost  entirely 
of  a  mass  of  protoplasm,  exliibits  when  observed  under  the  microscope 
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?i^.  5. — Chasgks  of  form  of  a  white  corpuscle  of  newt's  blood,  sketched  at 

I>TEBVALS  OF  A  FEW  MINUTES.  ThK  FIGURES  SHOW  ALSO  THE  INTUSSUSCEPTION  OF 
TWO  SMALL  GRANULES,  AND  THE  CHANGES  OF  POSITION  WHICH  THESE  UNDERWENT 
WITHIH    THB   00BPU6CLE.       (E.A.S.) 

the  most  remarkable  spcmtaneous  changes  of  form  ;  protruding,  first  on 
one  Bide  then  on  the  other  or  even  at  two  or  more  places  simultaneously, 
[K)Ttion8  of  its  protoplasm  (pseudopodia),  which  may  be  again  immediately 
withdrawn.   On  the  other  hand,  any  one  of  these  projections  may  remain 
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protmded,  and  the  substance  of  the  protoplasmic  body  drawn  towaids 
it^  so  that  in  this  way  the  amoeba  is  moved  about  from  place  to  place. 
Since  these  and  similar  changes  of  form  and  place  of  a  protoplasmic 
organism  were  first  distinctly  observed  and  can  still  be  best  studied  in 
the  amoeba,  they  are  aptly  termed  amoeboid.  In  the  higher  animals  they 
are  most  plainly  to  be  seen  in  the  white  blood-corpuscle  (fig.  S)  (where 
they  were  first  detected  by  Wharton  Jones,)  but  it  is  probable  tnat  they 
are  exhibited  to  a  slight  degree  by  almost  all  animal  cells  in  the  young 
state. 

2.  Streaming  movement  of  the  granules, — This  phenomenon  can  be 
seen  to  occur  both  in  cells  which  are  stationary,  and  in  those  which 
are  exhibiting  the  amoeboid  movements  just  described.  It  consists  in 
the  slow  motion  in  definite  courses  in  the  protoplasm  of  the  granules 
which  are  suspended  in  that  substance.  There  can  be  little  doubt  that 
the  granules  are  themselves  carried  along  by  and  swim  in  the  moving 
protoplasm  itself,  although  in  consequence  of  its  homogeneity  the  currente 
m  it  are  only  indicated  by  the  suspended  granules.  The  currents  may 
not  onlv  pass  in  different  directions  in  the  main  substance  of  the  proto- 
plasm, but  they  may  also  extend  along  its  protrusions,  when  these  exist, 
and  it  occasionally  happens  that  there  may  be  present  in  one  and  the 
same  protrusion  both  an  outgoing  and  an  incoming  stream. 

These  streaming  movements  have  been  longest  known  in  the  proto- 
plasm of  vegetable  cells  (Vallisneria,  Ohara,  Tradescantia,  &c.),  but  they 
are  very  strikingly  manifested  in  the  protoplasmic  substance  of  the  lower 
animal  organisms,  and  there  is  reason  to  believe  that  they  occur  in  many 
of  the  fiixed  cells  of  the  tissues  of  the  higher  animals,  although  here  mucn 
more  difficult  of  detection.  In  the  white  corpuscles  of  the  blood  the 
granules  in  the  protoplasm  are  seen  to  stream  into  the  processes,  which 
when  first  protruded  are  gencrallv  free  from  granules ;  out  in  this  case 
the  flow  of  particles  mav  I)erhap8  be  caused  in  a  different  way  from  that 
in  the  other  instances  above  ^ven. 

8.  Intussusception  of  foreign  particles. — ^When  any  minute  foreign 
particle  comes  in  contact  with  the  protoplasmic  substance,  the  particle  is 
apt  to  adhere  to  it.  But  what  is  more  remarkable,  the  particle  does  not 
remain  in  contact  with  the  external  surface ;  it  becomes  on  the  contrary 
enwrapped  by  processes  of  the  protoplasm,  and  then  withdrawn  gradually 
into  the  interior,  where  it  may  remain  for  some  time  without  change, 
being  moved  about  by  any  currents  which  exist  in  the  cell,  and  carried 
along  by  the  changes  of  place  which  the  cell  undergoes  (see  fig.  5). 
Eventually  such  foreign  i)articles  mav  be  extruded  again.  If,  on  the 
other  hand,  the  particle  is  of  considerable  size  as  compared  with  the 
protoplasm  with  which  it  comes  in  contact,  the  latter  extends  around 
and  over  it  so  as  to  envelope  it  more  or  less  completely.  This  pheno- 
menon of  intussusception  seems  thus  to  be  partly  dependent  upon 
amoeboid  movement,  and  partly  upon  the  production  of  currents  in  the 
protoplasm. 

The  pi-otoplosm  of  ordinary  Ycgetable  cells  being  for  the  most  part  enclosed 
In  a  oontinaoiis  oell-waU,  instead  of  being  naked  like  that  of  a  typical  animal 
oell,  cannot  be  protruded  in  the  shape  of  peeudopodia  beyond  that  wall  nor  does 
ii  for  the  name  reason  exhibit  the  phenomenon  of  intussusception  just  described. 
Bob  it  l8|  neverthelefls,  as  before  mentioned,  capable  of  active  streaming  move- 
BMUtB,  which  are  influenced  by  the  same  conditions  (heat,  electricity,  and  the  like) 
•■  are  the  mayenunts  of  animal  oeUs. 
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CandiHans  infiuenchig  the  coniraetile  mani/esiatums  of  proicplagm. — 
An  these  aeveral  man^estations  of  contractility,  are  inflaenced  in  the 
game  manner  by  similar  external  conditions.  Thns  it  is  fotmd  that 
variations  of  temperature  have  a  marked  effect  npon  alL  In  warm- 
blooded ftniniftlR  the  phenomena  cease  altogether  to  be  exhibited,  if  the 
protoplasm  which  is  under  observation  is  cooled  to  below  a  temperature 
of  about  IC  C,  although  they  will  be  resumed  on  wanning  the  pre- 
paration again,  and  this  even  if  it  has  been  cooled  to  (f  C,  or  even  a 
httle  lower.  And  when  warmed  gradually,  it  is  found  that  they  become 
more  and  more  active  as  the  temperature  rises,  attaining  a  maximum  of 
activity  a  few  degrees  above  the  natural  temperature  of  the  body, 
although  if  maintained  at  an  abnormally  high  temperature,  the  move- 
ments are  not  long  continued.  A  temperature  a  little  above  this  maxi- 
mum, rapidly  kills  protoplasm,  producing  a  stiffness  or  coagulation  in 
it  (heat-rigor),  which  is  preceded  by  a  general  contraction.  From  the 
condition  of  rigor  the  protoplasm  cannot  be  recovered. 

The  contractility  of  protoplasm  is  dependent  upon  supply  of  oxygen. 
If  this  be  withheld,  the  movements  will  it  is  true  proceed  for  a  time  as 
usual,  but  this  is  because  protoplasm  like  other  forms  of  contractile  sub- 
stance, such  as  muscle,  has  the  power  of  storing  away  and  using  oxygen 
in  some  form  of  combination.  For  it  is  found  that  the  active  manifes' 
tations  will  not  proceed  indefinitely  in  the  absence  of  oxygen,  but  cease 
after  a  time,  to  be  renewed  only  on  the  accession  of  fresh  oxygen. 

Many  reagents  in  solution  ii^uence  the  activity  of  protoplasm.  Some 
of  these  act  by  adding  to  or  subtracting  from  the  water  which  it  contains. 
As  a  general  rule  the  imbibition  of  water  by  the  protoplasm,  accelerates 
its  activity  up  to  a  certain  point  varying  according  to  the  source  of  the 
protoplasm  which  is  under  observation  (Thoma),  but  beyond  that  point 
addition  of  water  produces  a  destructive  effect.  A  comparatively  u^ht 
amount  of  desiccation,  is,  so  &r  at  least  as  regards  the  protoplasm  of  the 
higher  animals,  destructive  of  vitality,  but  this  statement  does  not  hold 
good  for  the  protoplasm  of  many  of  the  lower  animal  and  plant  organisms. 

Amongst  reagents  acids,  although  very  weak  (even  carbonic  acid),  stop 
the  contractile  manifestations,  alkalies,  on  the  other  hand,  if  sufSciently 
dilute,  increase  at  first  their  activity.  They  are  stopped  by  chloroform 
and  ether,  but  may  be  again  resumed  on  the  removal  of  those  vapours. 
Some  poisons  (e.g.  veratria)  rapidly  arrest  the  movements  in  question. 

Effect  of  electrical  and  other  stimuli  upon  protoplasm. — The  effect  of 
electrical  stimulation  upon  protoplasm  which  is  exhibiting  either 
amcBboid  or  streaming  movement  is,  if  sufSciently  strong,  to  cause  an 
immediate  cessation  of  those  movements,  accompanied  by  a  withdrawal 
into  the  main  substance  of  any  processes  that  may  have  been  protruded. 
If  the  stimulation  be  intermitted,  the  movements  will  recommence,  pro- 
vided the  shock  has  not  been  so  severe  as  to  injure  the  living  substance. 

Abrupt  changes  of  temperature,  and  mechanical  stimulation  such  as 
is  produced  by  sudden  pressure  or  harsh  contact  act  in  a  similar 
manner. 

These  effects  are  probably  to  be  explained  by  supposing  that  the  stimu- 
lation produces  a  contraction  of  the  substance  in  every  possible  direction, 
for  the  result  is  that  the  cell  subjected  to  stimulation,  assumes,  if  it  be 
capable  of  doing  so,  the  spherical  form.  Whether  there  is  any  actual 
diminution  in  volume  accompanied  by  expression  of  fluid  must  remain 
undetermined. 
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Of  chemical  and  other  changes  which  occur  in  the  protoplasm 
of  cells. — The  protoplasm  of  a  cell  may  become  variously  altered  in 
chemical  constitution,  all  such  changes  tending  to  diminish  the  original 
activity  of  the  cell  and  to  fit  it  for  a  special  function.  An  alteration 
often  met  within  older  cells  is  the  conversion  of  the  outer  portion 
of  the  protoplasm  into  a  comparatively  haixi  layer,  which  constitutes 
an  investment  for  the  remainder,  and  in  this  way  approximates  the  cell 
more  to  the  vegetable  type.  Such  a  transformation  is  met  with  in  a 
high  degree  in  the  stratified  epithelia,  in  which  the  cells  of  the  upper- 
most layers  l)ea)me  almost  entirely  transformed  into  dense  homy  scales. 

Another  change  which  is  apt  to  occur  is  the  deposition  within  the  cell 
of  various  chemical  principles,  which  are  either  derived  directly  from  the 
plasma  of  the  blood,  in  which  in  such  cases  they  pre-exist,  or  are  elabo- 
rated by  the  cell  itself  from  some  other  constituent  of  that  fluid.  Ex- 
amples of  these  changes  are  to  be  foimd  in  the  deposit  of  fat  (fig.  7,/) 
ana  pigment,  and  of  the  peculiar  constituents  of  certain  secretions 
within  the  cells  of  the  tissue  or  gland  producing  them  (see  fig.  C). 

Fig.  6. 

Fig.  6. — Crtstals  of  uric  acid  in  cells,  from  thi 

RINAL  OROAN  OF  A   MOLLUSa       (Boll.) 

In  the  two  left-hanrl  fignres,  the  crystals  are  enclosed 
in  yacuoles. 

^  Sometimes  changes  of  the  same  kind  are  connected  with  the  produc- 
tion of  new  structures  in  a  cell,  as  in  the  formation  of  red  blood- 
corpuscles  \^ithin  the  cells  of  connective  tissue  (fig.  7,  A,  A). 

Fig.  7. 


Fig.  7.— Deposit  of  fat  and  formatioh  of  red  blood  corpuscles  withih  oohhectivi 
TISSUE  cells.     (E.A.S.) 
/,  /,  cells  in  which  fat  globules  arc  being  deixwjitcd  ;  A,  A,  cells  in  which  red  blood 
C)ri)iii»cletf  arc  becoming  formed. 

TUJG   NUCIJCUS   OF   THE   CSIjIi. 

The  nucleus  (fig.  1 , ;/)  is  a  minute  vesicular  l)ody,  placed  generally  near 
the  centre  of  the  cell  and  embedded  therefore  in  the  i>rotoplasm.  In 
form  it  is  round  or  oval  in  most  cases,  but  it  may  Ixi  irregular  in  shape. 
Its  size  relatively  to  that  of  the  cell  varies  much  in  dillerent  instances, 
for  sometimes  there  is  so  small  an  amount  of  protoplasm  that  the  nucleus 
ai)pears  to  occupy  nearly  the  whole  cell.  This  is  the  case  for  example 
with  many  of  the  cells  which  are  met  with  in  lvmi)liatic  glands,  and  the 

"11  nerve-cdlB  which  are  found  in  the  cerel)ellum  and  elsewhere.  On 
frther  hand,  the  protoplasm  of  the  cell,  whether  altered  as  in  the 
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superficial  layers  of  stratified  epithelioniy  or  unaltered  as  in  many  of 
the  white  corpuscles  of  the  blood,  may  much  exceed  the  nucleus  in  bulk. 
In  absolute  size,  the  nucleus  does  not  exhibit  any  very  considerable 
Tariation  in  difierent  cells  of  the  same  animal  There  are,  howeyer, 
some  notable  exceptions  ;  thus  the  nucleus  is  absolutely  much  larger  in 
the  ovum  or  ^g-cell  and  in  many  nerve-cells  than  it  is  in  other  cells  of 
the  body. 

Biriicture  of  the  nueleiui. — In  the  typical  resting  condition  the 
nucleus  is  always  bounded  by  a  well  defined  wall,  which  encloses  the 
nuclear  contents.  These  are  of  two  kinds,  formed  and  amorphous.  To 
the  latter  the  term  nuclear  fluid  is  sometimes  applied,  and  the  former  is 
sometimes  named  nucleo-plasm  or  karyo-plasm;  t\n^  term  being  used 
to  include  also  the  substance  which  forms  the  wall  of  the  nucleus.  But 
it  is  by  no  means  certain  that  the  homogeneous  amorphous  substance 
which  occupies  the  interstices  of  the  nucleo-plasm  is  of  a  fluid  nature, 
80  that  it  might  probablv  be  better  to  term  it  the  nuclear  matrix.  The 
name  nucleo-plasm,  on  the  other  hand,  although  not  altogether  without 
objection,  is  probably  as  convenient  as  any  other  that  has  been  proposed. 

The  nucleo-plasm  often  takes  the  form  of  one  or  more  strongly  re- 
fracting granules  or  globules,  which  are  named  nucleoli.  The  nucleoU 
may  be  suspended,  isolated,  in  the  nuclear  matrix,  or  they  may  be  con- 
nected with  one  another,  if  they  are  more  than  one,  and  with  the  nuclear 
wall  by  a  network  of  fine  filaments, 
which  also  form  part  of  the  nucleo-  Fig.  s. 

plaan  (fig.  8).     There  is  little  doubt 
that    these     various    parts     of    the 

R&   8. — Ckll-vuclkt,  kxhtbitiiio  thb  sxn- 

CCLATB  APPKXKAXCK  OF  THK  HUCLB0-PLA8X. 

(Flemming. ) 

a,  nndeiis  of  lirer-oell  (carp) ;  6,  nucleus  of 
a  oonnectiTe  tissue  ceU. 

nucleus  are  capable  of  tmdergoing  spontaneous  changes  in  relative 
amount  and  form.  Thus  it  is  found  that  when  treated  with  hsema- 
toxylin  the  nuclear  matrix  has  in  some  cases  a  considerable  afl^ity  for 
that  colouring  matter,  in  others  very  much  less  or  none  at  all ;  the 
latter  when  the  nucleoplasmic  fibres  are  much  increased  in  amotmt,  as 
is  the  case  when  the  nucleus  is  about  to  undergo  division.  From  this 
it  is  inferred  that  a  substance  readily  becoming  stained  by  hasmatoxylin 
was  in  the  first  instance  siLspended  uniformly  in  the  nuclear  matrix  and 
has  subsequently  become  shed  out,  so  as  to  increase  the  bulk  of  the 
already  existing  nucleoplasmic  fibres. 

We  have  also  obsenations  showing  that  spontaneous  changes  of  form 
may  occur  in  nuclei.  Thus  both  Flenmiing  and  Strieker  have  noticed, 
in  preparations  of  blood,  nuclei,  which  had  been  set  firee  by  rupture  of 
the  corpuscles  to  which  they  belonged,  exhibiting  spontaneous  changes 
of  form,  and  Klein  has  made  a  similar  observation  upon  the  large  nuclei 
of  the  glands  in  the  skin  of  the  triton.  Within  the  living  epithelium- 
cells  of  the  tail  of  salamander  larvae,  Flemming  also  notic^  alterations 
taking  place  in  the  outUne  of  the  nuclei.  Furthermore,  several  observers 
have  noticed  and  described  spontaneous  changes  of  form  in  nucleoli, 
which  they  have  compared  to  the  amoeboid  movements  of  protoplasuL 
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There  are  still  some  considerable  differences  of  opinion  regarding  the  structure  of 
the  nucleus.  Thus,  while  Flemming  looks  upon  the  nucleoli  as  perfectly  distinct 
from  the  network  of  nudeo-plasm  which  may  be  present  with  them,  Klein  is 
inclined  to  regard  them  as  nothing  but  the  optical  expression  of  some  of  the 
filaments  of  the  intra-nudear  network  which,  passing  in  the  direction  of  the 
axis  of  vision,  appear  as  dots  instead  of  fibres,  or  at  least  as  enlargements  merely 
of  the  nodes  of  that  network,  and  composed  of  the  same  substance. 

Eimer  describes  a  more  complicated  arrangement  as  ezisting  in  many  nuclei  in 
the  form  of  a  clear  "  hyaloid  "  zone,  encircling  the  nucleolus,  and  bounded  by  a 
oirdet  of  granules,  which  are  united  with  the  nucleolus  by  fine  radial  filaments. 
It  is  difficult  to  avoid  thinking  that  the  appearances  described  by  Eimer  must 
be  mainly  an  optical  effect  produced  by  reflexion  of  light  from  the  sides  of  the 
nucleolus. 

Chemical  nature  of  the  nuoleiui. —  From  the  affinity  which,  in 
oommon  with  protoplaam,  it  possesses  for  certain  colouring  matters,  as 
well  as  for  otner  reasons,  the  nucleus  has  been  supposed  by  some 
eminent  histologists  (and  notably  by  Lionel  Beale,  who  has  applied  the 
term  **  germinal  matter  '*  to  both)*  to  be  identical  in  nature  \\ith  that 
substance.  Its  behaviour,  however,  with  many  reagents  is  altogether 
different ;  and  in  general  it  may  be  said  that  it  offers  greater  resistance  to 
their  action  than  the  substance  which  surrounds  it. 

Thus  dilute  acids  and  digestive  fluids,  which  destroy  protoplasm,  only 
render  the  nucleus  more  distinct.  Moreover,  as  we  have  seen,  it  stains 
much  more  intensely  with  haematoxylin  and  many  other  reagents,  than 
does  protoplasm,  and,  on  the  other  hand,  it  remains  in  some  cases 
unstained  by  reagents  which  colour  protoplasm  intensely,  for  example, 
solution  of  chloride  of  gold.  So  that  chemically  at  least  there  is  no 
doubt  a  considerable  difference  between  the  nucleus  and  the  protoplasm. 
Still  when  we  regard  the  spontaneous  changes  which  are  manifested  by 
both,  and  especially  the  important  part  which  the  nucleus  plays  in  the 
division  of  the  cell,  as  will  oe  immediately  described,  there  is  much  in 
favour  of  the  view  which  regards  the  nucleus  as  a  portion  of  the  Uving 
substance,  which  is  set  aside,  altered  it  is  true  in  chemical  nature,  to 
preside  over  the  multiplication  and  reproduction  of  the  cell ;  and  in 
&vour  of  this  there  are  observations  which  show  that  under  certain 
circumstances,  the  nucleus  may  enlarge  at  the  expense  of  the  protoplasm, 
even  to  ihe  extent  of  absorbing  the  greater  part  of  the  latter,  so  that  the 
whole  cell  is  little  else  than  nucleus  ;  and  indeed,  this  relative  increase 
of  size  of  the  nucleus  seems  to  be  a  change  which  constantly  precedes 
the  phenomena  of  cell-division. 

The  observations  on  the  spontaneous  movements  of  the  protoplasm  of  the  lower 
animal  orgfanisms  by  Dujardin,  Meyer,  Huxley,  M.  Schultze,  J.  Milller,  Sicbold, 
and  others,  and  of  that  of  the  white  corpuscles  of  the  blood  and  other  cells  by 
Wharton  Jones,  KoUikcr,  Virchow,  Eiihne,  and  M.  Schultze  led  eventually,  as  hns 
been  pointed  out  by  Strieker  ("  Handbook  of  Histology,"  p.  2),  to  a  cloaier  undcr^ 
standing  of  the  nature  of  ceUs  and  its  formulation  by  B.  Briiche  ("  Die  Elcmcntar- 
organismen"  Wiener  Sitzungsb.  1861)  and  M.  SchvUzcQ*  Ueber  Muskclkoipcrchen 
und  das  was  man  eine  Zclle  zu  nennen  habe "  Reichert  and  Du  Bois-Ileymond's 
Archiv,  1861) ;  by  whom  it  was  demonstrated  tliat  the  cell  membrane,  which  entere.^ 
materially  into  the  conception  of  the  structure  of  the  animal  cell  as  understood  bj 
its  discoverer  Schwann,  and  his  immediate  successors,  is  in  no  way  an  essential  part 
of  it.  It  should  be  added,  however,  that  the  existence  of  animal  cells  destitute  of 
a  cell  envelope  was  clearly  recognized  by  Schwann  himself  ('*  Microscopische  Unter- 
MOhangen;*  1839,  p.  209).  The  fundamental  importance  of  the  protoplasm  and 
'^m  (gcfrminal  matter)  as  distinguished  from  the  oell-membrane  and  other 
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prodnctB  of  tiie  protoplasm  (formed  material)  was  independently  asserted  by 
Lumei  BcaU  C  On  the  Stanctnie  of  the  Simple  Tissaes  of  the  Human  Body/*  1861)^ 

MUIiTIFIiIOATION   OF   CSIiIiB. 

Cells  multiply  by  division,  tlie  process  being  as  a  rule  binary,  each  cell 
dividing  into  two  other  cells,  these  again  into  two,  and  so  on.  The 
division  of  a  cell  is  preceded  and  accompanied  by  certain  changes  in 
the  form  and  constitution  of  the  nucleus ;  with  comparatively  unimpor- 
tant modifications,  these  changes  are  similar  both  in  the  vegetable  and 
in  the  animal  kingdom.  Our  knowledge  of  them  was  originally  due  to 
the  researches  of  Strasburger,  made  chiefly  upon  the  vegetable  cell,  but 
was  soon  extended  to  the  animal  cell  by  numerous  observers,  amongst 
whom  may  be  mentioned  in  the  first  instance  Eberth,  Mayzel,  and 
Flemming.  It  is  the  account  given  by  the  last-named  observer  which 
wiU  be  adhered  to  in  the  following  description  of  the  phenomena 
which  accompany  cell-division. 

The  mode  of  cell  division  which  is  characterised  by  the  changes  in  the  nnclens 
here  to  be  described  is  sometimes  known  as  "  indirect  ceU-division  "  to  distinguish 
it  from  the  division  of  a  cell  by  simple  constriction  of  its  nndens  and  protoplasm 
into  two  (or  more)  parts  (*'  direct  cell  multiplication/*)  which  until  recently  was 
thought  to  be  the  universal  method,  although  now  believed  to  occur  rarely,  if  at  alL 

When  a  cell  is  about  to  divide,  its  nucleus,  which  may  previously 
have  presented  the  usual  structure  characteristic  of  resting  cells — 
consistiiig,  namely,  of  a  vesicle  containing  a  network  of  nucleoplasmic 

Fig.  9. 


Fig.  9. — Sriois  w  thb  Divisioir  of  the  vuclvus  of  a  livikg  epithelium  cell 
nr  THE  EPiOEEHis  OF  A  SALAif AHDER-LARVA.     (Flemming.) 

a,  cell  showing  the  nnclens  transformed  into  a  mass  of  contorted  filaments  (corre- 
gponds  to  h  and  c  of  fig  10)  ;  h,  the  nuclear  filaments  have  become  fewer  and  more 
QDited,  and  begin  to  assume  a  converging  arrangement  (compare  c/,  e,  /  of  next  figure) ; 
r.  stellate  form  (compare  ^,  fig.  10)  ;  d,  e^  hourglass  contraction  of  the  nucleus  which 
gnduaUj  pASMS  off  and  the  form  e  is  resumed.  This  may  occur  more  than  once  :  event- 
ually the  filaments  aocnmnlate  in  a  direction  parallel  to  one  another  near  the  centre  of  the 
oelC  and  then  gradoally  separate  into  two  sets  as  shown  in  /  ( i .  j,  k  in  fig.  10).  These  as 
tliey  retire  torards  the  pdes  gradually  resume  the  stellate  form  g  (/,  fig.  10).  The  time 
oocnpaed  whilst  the  stages  above  represented  were  passed  through  was  about  three  hours. 

fibres  which  stain  darkly  with  carmine,  and  a  nuclear  matrix  staining 
ksB  dee^y  (fig.  10,  a)— becomes  transformed  in  the  following  way.    In 
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the  fii-st  place  it  appears  mther  lai-ger  and  less  defined^  aiul  its  iuterior 
is  Ibiiiid  to  fxiutaiii  u  dose  interlacement  or  skein  of  contorted  filaments 
of  nncieophusm  (fi'^.  10,  b,  e\  to  wliieh  the  nneleoli  and  intninnelear 
network  have  ^nven  pliiee,  whilst  the  nuclear  matrix  hm  lost  its  af!)nitj 
fur  staining  flnids.      Meanwhile  the  budy  of  the  cell  haa  Ijecome,  if 

Fig,  10. 
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Fig.  10. — Epithk  'r  ^ALAM  v:.i  r.,>  ,.,i..,  •  ,,,  ...r>,..r.w  STACKS  OF  mviswir. 

Ths  cells  v.f^Eii   IS    nrnic   ok   cukhmk;   Arir»,    and    staixmd  with 

lUEMATilXTLlN  MilH.       liir.riLT    MAO?ilFlKP.       ^FlcmiJlltlg.) 

a,  resting  c«11»  showing  {uins  o(  the  titiclc^Lr  network  whirK  im  s^taincd,  aa  ia  {sHghtly) 
the  nnclcar  matrix  ;  6,  fiint  stAge  of  Jivifiian,  nucleus  tmn,4formec]  InUi  a  maxa  of  cIoBcly 
coutorted  filaments  ;  c,  seooad  atAg<^,  fiUrnentB  lArgirr  an  J  Iqhs  irloscly  arrangeil  :  in  this 
and  aJl  tha  otiier  fignres  exoepl  a  the  nndeiir  matrix  ia  clear  ;  d  (ratlier  more,  magnified 
itiao  tlie  rest),  iilAmcntH  larger  and  beo^iuing  arr:in;^eJ  in  lixt|w  :  this  is  inopt  etrirhnt  in 
e,  vhcre  thi-y  collectively  have  a  rojtette-ltke  appearance  enclosing  a  centml  clear  e\mee  ; 
/,  filaments  ^'onvcr^ng  iowarfk  the  rcntw,  tlie  nnclouH  jJOAsing  irjt<i  tlie  RU'Iht<r  phiu»e, 
tjf  in  whith  tho  iMiriphcnil  loHps  of  the  lOAette  liavo  liccoine  scvei-cd  ;  A,  longitudinjil 
eplitting  of  the  filiiwionUj  ;  t,  ci^uatorial  titage  of  Flemming  ;  the  nuclear  fihimentA  panill«l 
with  ifUQ  another  in  thu  centre  of  the  cell  ;  j^  cf^intnenociiient  of  a  sepanition  into  two 
wis  ;  k\  sepiinition  more  advanced  ;  /,  stellate  phase  of  daughter -nuclei  :  m,  niBottQ 
phHse  of  the  latkT  ;  »,  filaments  hcc«nitng  again  irregularly  contorttxl  ;  o,  p,  gradual 
paifliige  of  (hiughtcr- nuclei  into  cotidition  of  rehi  (network,  9).  The  dhnsioft  of  the 
protoplnKm  i«  woti  (0  begin  in  the  sta^  repreaented  by  m  and  t4)  l>c  rapidly  com> 
{deled  (at  w)* 
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prcTioDsly  flattened  or  ebngntcd,  more  rounded  in  form,  and  it  may  often 
be  obecrved  that  the  grannies  which  are  present  in  the  protoplasm  become 
arranged  into  two  groups  placed  on  each  side  of  the  cell  (fi^.  9,  a). 

This  condition  of  the  nucleus  passes  mradnally  into  one  m  which  the 
filaments  of  nucleoplasm  are  less  fine  and  also  less  contorted,  whilst  they 
are  rather  more  separated  from  one  another,  as  if  the  finer  filaments  had 
shortened  themselves,  and  in  shortening  had  become  proportionately 
thicker  and  further  apart  (fig.  9,  b  ;  fie.  10,  d). 

It  is  difficult  to  say  if  there  is  reaUy  only  one  filament  twisted  in  a 
oonqdicated  manner  on  itself  or  if  there  are  several  intertwining  fila- 
menta.  But  whether  originally  only  one  or  several,  in  the  next  st^e,  if 
the  latter  is  the  case,  their  ends  join  so  that  there  is  to  all  appearance 
only  one  long  nucleoplasmic  fibre  which  becomes  arranged  in  such  a 
manner  as  to  form  a  rosette-like  structure,  looping  alternately  in  and 
out  firom  a  central  space  which  is  left  clear  (fig.  10,  e).  Long  before  this 
the  membrane  of  the  nucleus  has  disappeared  as  such,  apparently  being 
absorbed  into  the  skein-Uke  system  of  nucleoplasmic  fibres,  but  a  zone 
of  dear  substance,  perhaps  derived  fin)m  the  nuclear  matrix,  separates 
that  system  of  fibres  from  the  protoplaon  of  the  cell. 

The  fibre  or  fibres  next  separate  into  portions  of  eaual  length,  (the 
aepaiation  generally  occurring  in  the  rosette  stage,  although  it  may 
happen  earher).  The  change  often  begins  at  those  parts  of  the  rosette 
wmch  are  to  bax)me  the  poles  of  the  nucleus.  The  peripheral  loops  of  the 
rosette  become  broken  through,  whilst  the  central  loops  tend  inwards 
and  converge  towards  the  centre  of  the  rosette,  so  that  a  star  is  the 
result  (fig.  9,  c;  fig.  10,/,  g).  Occasionally  the  convergence  is  towards 
two  points  instead  of  one,  so  that  a  double  star  is  produced  ;  the  divi- 
sion of  the  nucleus  being  thus  early  indicated.  This  astral  or  amphi- 
astral  condition  persists  for  some  little  time,  but  not  always  \ntnout 
alteration,  for  the  aster  is  sometimes  observed  to  undergo  changes  of 
form  and  size,  becoming  alternately  more  flattened,  and  again  more 
rounded,  and  this  so  rhythmically  as  to  have  suggested  the  change 
being  spoken  of  as  the  systole  and  diastole  of  the  star. 

The  fibres  which  form  the  rays  of  the  star  often  become  split  longi- 
tudinally, the  cleavage  extending  gradually  from  their  free  end  towards 
their  centre,  the  result  being  that  they  are  both  more  numerous  and  finer 
(fi§.  10,  g,  h). 

In  the  next  phase,  which  is  termed  by  Flenmiing  the  equatorial  stage 
of  division  (fig.  9,/;  fig.  10,  iyf),  the  V-shaj)ed  nucleoplasmic  fibres  have 
become  colled>ed,  parallel  to  one  another,  in  the  middle,  often  leaving 
a  space  dear  at  either  end  ;  these  spaces  being  opposite  to  the  poles  of 
the  nudeus.  Collectively  the  fibres  form  a  somewhat  barrel-shaped 
system  at  this  stage  :  in  each  fibre  the  angle  of  the  Y  is  directed  towards 
one  of  the  poles  of  the  nucleus,  whilst  the  limbs  either  interlace  or  abut 
against  one  another  at  the  equator.  Presently  the  fibres  of  the  system 
are  seen  to  be  separating  into  two  groups  (fig.  10,  k),  leaving  a  clear 
KpB^ce  in  the  plane  of  the  equator,  and  the  two  groups,  gradually  become 
more  distinct  from  one  another,  travel  towards  the  poles  of  tLe  nucleus. 

From  the  two  groups  of  fibres  thus  separated  the  nuclei  of  the  two 
new  oeUs  become  denved,  and  we  may  speak  of  them,  therefore,  as  the 
nudeoplasmic  fibres  of  the  daughter-nuclei.  The  mode  in  which  they 
resume  the  structure  of  ordinary  nuclei  is  by  a  reversal  of  the  phases 
which    were    exhibited   by   the  mother-nucleus.     Thus    the  nudeo- 
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plasmic  fibres  in  each  of  the  two  daughter-nuclei  take  on  first  of  all  a 
stellate  disposition  (fig.  10,  /),  next  the  rays  of  the  star  become  united 
in  loops,  so  that  the  rosette  condition  is  reproduced  (fig.  10,  m\  then  each 
rosette  becomes  a  skein  of  contorted  fibres  (fig.  10,  n,  o)  ana  finally  the 
normal  condition  of  a  resting  nucleus  is  attained  with  its  nuclear  mem- 
brane, and  intranuclear  network  (fig.  10,  q) 

In  addition  to  tho  nucleoplasmic  fibreF,  the  changes  of  which  have  been  described 
above,  other  fibres  may  often  be  seen  in  the  clear  substance  which  occupies  the 
ends  of  the  mother  nucleus  in  the  equatorial  phase,  converging  from  the  equator 
to  the  poles ;  and,  when  the  daughter-nuclei  have  become  separated,  bridging  across 
the  interval  between  them  (see  fig.  11).  These  fibres  do  not,  like  the  others,  become 
stained  with  haamatoxylin,  and  are  hence  termed  '*  achromatic  **  by  Flemming :  they 
are  much  better  marked  in  some  ceUs  than  in  others,  and  they  probably  exercise 
an  important  influence  as  guides,  along  which  the  movements  of  the  other 
fibres  take  place.  In  the  division  of  the  ovum,  and  in  the  multiplication  of  the 
nuclei  of  vegetable  cells  the  achromatic  fibres  are  exceedingly  prominent  and 
form  a  spindle  shaped  system  of  a  characteristic  aspect  and  looking  at  first 
Bight  very  different  from  those  nuclei  the  division  of  which  has  just  been 

Pig.  11. 


Fig.  11. — Stages  in  thb  division  of  thb  ovum  or  eoo-cell  of  a  worm.    (Strasburger.) 

a,  resting  state ;  h,  nucleus  tranRformed  into  a  spindle-shaped  system  of  fibres,  which 
are  provided  with  thickenings  at  the  equator  of  tho  sjiindle  ;  c,  separation  of  equatorial 
thickenings  into  two  parts  which  gradun-lly  travel  towards  tho  i>oIe»  of  the  spindle  and 
there  become  transformed  into  new  (daughter)  nuclei,  whilst  the  protoplahra  at  the 
same  time  also  separates  into  two  parts  (r/,  <•,/);  //,  repetition  of  the  division  proceas 
formation  of  spindles  in  daughter  cells  ;  //,  result  of  the  division  of  these.  (The  nuclear 
fikments  shown  in  fig.  10  are  here  probably  only  represented  by  the  thickenings  at  the 
equator  of  the  8pindle-8hai»ed  system,  which  is  mainly  formed  by  tine  Btniight  filaments, 
which  stain  far  less  with  ha'matoxylin  than  tho  others,  and  on  account  probably  of  their 
less  distinctness  and  want  of  colouration  arc  not  seen  in  the  nuclei  represented  in  tig.  10.) 

described.  But  transitions  which  arc  met  with  indicate  that  the  spindle  and 
its  transformations  represent  merely  simplified  modifications  of  the  usual  type, 
resulting  it  may  be  from  the  scanty  amount  of  nuclcopla.sm  or  snb«tance  stain- 
ing with  ha^matoxylin,  and  the  relatively  large  amount  of  achromatic  material  in 
thoee  nuclei  in  which  the  spindle  is  prominent. 
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Heanwhfle  the  protoplafim  of  the  cell  has  began  to  collect  itself  towards 
each  of  the  two  new  nuclei.  This  often  commences  whilst  the  daughter- 
nuclei  are  yet  in  the  stellate  phase.  By  the  time  that  they  have  arrived 
at  the  rosette  stage,  the  protoplasm  has  usually  divided  into  two  equal  halves 
(fig.  10,  m),  the  process  being  generally  accompanied  by  a  constriction 
which  extends  in  from  the  exterior,  and  is  presumably  effected  by  the 
powerful  and  equal  attraction  which  is  exerted  upon  it  by  the  new 
nuclei. 

In  proof  of  some  snch  influence,  may  be  adduced  numerous  instances  in  which 
the  granules  of  the  protoplasm  become  arranged  in  lines  converging  towards  the 
poles  of  the  mother-nucleus,  or  towards  the  daughter-nuclei,  thus  producing  an 
amphi-astral  appearance  in  the  ceU.  This  is  often  very  distinct  in  dividing 
ova  (fig.  11). 

The  division  of  the  cell  is  now  complete.  The  two  daughter-cells  are 
of  course  each  at  first  smaller  than  the  mother-cell,  but  they  soon  grow, 
and  the  process  may  recommence  and  be  repeated  in  them,  and  in 
this  way  cell-multiplication  may  l)C  exceedingly  rapid.  The  cells  com- 
monly become  entirely  separated  ;  in  some  tissues,  however — cartilage, 
for  instance — they  may  remain  in  proximity,  producing  thus  groups  of  two 
or  four  newly-formed  Cecils,  which,  in  the  case  of  that  tissue,  may  at  first 
be  enclosed  in  a  common  cavity  of  the  matrix  ;  this  process  of  multi- 
plication has  been  styled  "  endogenous."  But  it  is  in  all  probabiUty 
essentially  the  same  as  in  the  less  solid  tissues. 

Fig.  12. 


Fig.   12.~MULTUIUCLE1TKD  CELLS   FBoM   TUB   XARROW.       HlOHLT  JCAGNIFIED.       (E.A.S.) 

a,  a  large  cell  the  nuelens  of  which  appears  to  be  partly  divided  into  three  by  constric- 
tions ;  b,  a  cell  the  enlarged  nucleus  of  which  shows  an  appearance  of  being  constricted 
into  a  number  of  smaller  nuclei  ;  c,  a  so-called  giant-cell  with  many  nuclei  ;  e/,  a  smaller 
cell  with  three  nuclei  ;  c — i,  other  cells  of  the  marrow. 

Sometimes,  a  multiplication  of  nuclei  within  a  cell  occurs  without  im- 
mediate separation  into  new  cells,  as  in  the  white  corpuscles  of  the  blood 
in  which  it  is  common  to  see  two,  three  or  even  more  nuclei ;  in  the  large 
nmltinucleated  cells  which  are  found  in  the  medullary  cavities  of  bone, 
(fig.  12),  and  in  the  spermatic  cells  of  the  testis,  the  nuclei  of  which 
may  undergo  division  a  number  of  times  prior  to  the  separation  of  a 
part  of  the  protoplasm  around  each.  The  division  of  the  cell  itselt 
occurs  in  these  cases  by  a  portion  of  the  ju'otoplasm  gathering  around 
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each  of  the  dan^htcr-nuclei,  and  the  original  cell  thus  dividing  into  as 
many  new  cells  as  there  are  nuclei  in  it. 

Instanoes  have  been  observed  out  of  the  body  in  which  the  amoeboid  movementa 
of  the  protoplasm  seem  to  have  been  concerned  in  the  cell-division,  bnt  this 
occurrence  is  seldom,  and  most  likely  accidental ;  indeed,  it  is  found,  as  a  general 
rule,  that  whUst  cell-division  is  proceeding,  the  external  manifestations  of  activity 
of  cell-protoplasm  cease  almost  entirely. 

The  following  are  the  more  important  phases  of  change  of  the  di\'iding  nucleus 
put  in  tabular  form  (Flemming)*  : — 


Mother-nndewt. 
Network.  (State  of  rest). 

Skein. 
(Rosette). 
Aster. 

Equatorial  grouping  of  fibres. 


Da  ughter-nticldL 
Networks. 
Skeins. 
(Rosettes). 
Asters. 


OF    THZ    OBiaiN    OF    OBIiIiS. 


So  far  as  is  at  present  known,  every  cell  in  the  animal  body  has  been 
derived  from  a  previously-existing  cell.    If  we  trace  back  the  develop- 
ment of  the  cells  of  which  the  body  is  at  one  time  entirely  composed — 
the  so-called  embt/ronic  cells  (fig.  l.S), — we  find  that 
Fig.  18.  lY^Qj  arc  originally  produced  by  the  division  of  a 

Pig.   13. — TlIRBB  CELLS  FROM  BARLT  EMBRTO  OF  THK  CAT.       HlOHLY 
MAONIFIBD.      (E.A.S.) 

ht  protoplasm  ;  r,  nucleus  with  nucleolus.     The  lowermost  cell 
has  two  nuclei. 

Pig  14^  single  cell  derived  from  the  female 

parent,  and  termed  the  ot*um  or 
effg-cell.^ 

CMl-natnre  of  the  mamma- 
lian ovum. — The  ovum  (fig.  14), 
as  it  occurs  in  the  female  organ  or 

Fig    14. — Ovum  of  thb  oat  ;    iiiaHLT 

XAOiriFIXD.  SEMI-DIAaRAMMATIO. 

(EA.S.) 

zp,  zona  pellucida ;  rt,  vitellus ;  gv, 
germinal  vesicle  ;  ys,  germinal  spot. 

ovary,  is  a  large  cell  enclosed  in  a 
distinct  envoloixj ;  otbenvise  con- 
sisting like  otlier  animal  cells  of 
protoplasm  and  a  nucleus. 

•  The  term  "  karyokinesis "  is  sorootimes  applied  collectively  to  the  changes  of  a 
dividing  nucleus. 

+  In  the  account  which  follows  of  the  early  changes  which  the  ovum  undergoes,  lead- 
ing to  the  production  of  the  embryonic  cells,  no  attempt  iH  made  to  give  a  complete  hiRtory 
of  the  early  developmental  processes,  but  the  subject  is  merely  alluded  to  in  connexion 
with  the  relation  which  the  egg-cell  l>car8  to  other  cells  of  the  animal  IkkIv.  The  full 
dMcription  of  the  processes  in  question  will  be  found  in  the  chapter  on  fimbiyology,  at 
tlw  end  of  this  volume. 


MATUBATION   OP  THE  OVUM. 
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Special  mmes  hove  long  been  applied  to  these  parts  in  the  ovum.  Thus  the 
nndeos  of  the  omm  is  termed  the  germinal  vesicle  (ffv)^  and  the  main  collection 
of  nndeoplasm  within  it— the  nndeolns — ^is  termed  the  germinal  spot  (gs)  y  while 
tlie  psotoplasm  of  the  cell  has  been  named  the  vUelltu  or  yolk  (vi).  Enclos- 
ing the  whole  is  a  thick  radially  striated  strootore,  the  zona  pellueida  (gp). 

This  egg-oell  or  germ-cell  is  not,  at  least  in  the  higher  animals,  capable 
of  undergoing  complete  oeQ-diTision,  and  thus  initiating  development, 
without  first  nassing  through  certain  changes  which  are  not,  it  is 
belieTed,  sharea  by  ordinary  cells.  To  these  changes  in  the  ovum  the 
terms  matwration  sjid  fertilization  are  applied,  and  their  result  is  the 
Iffoduction  of  the  first  embryonic  celL 

Hie  maturation  of  the  oynm  essentially  consists  in  the  eztrosion  of  a  portion 
of  the  nadeos  or  germinal  vesicle,  tog^er  with  a  small  amount  of  the  pro- 
toplasm or  Titellos.  This  process  of  extrusion  appears  to  be  reaUy  a  division 
of  the  cell  into  two  veiy  mnegnal  portions,  the  larger  of  the  two  being  still 
tenned  the  orom,  the  smaller,  which  may  again  divide  into  two,  being  termed 
a  pdar  globole,  or  it  might  be  better  to  term  it  an  extmsion-globole.  The 
fdUowing  is  the  way  in  which  this  change  becomes  effected  * :— Soon  after 
the  ovum  leaves  the  ovary,  or  immediately  before,  its  nndens,  which  previously 


Fig.  15. 


f.pn.. 


J/-:-:* 


Fig.  15. — Staosb  u  thb  iormatiov  of  tarn  poLia  olobitlis  nr  tarn  ovux  of 

A  STAB-FI9H  (from  Hertwig). 
g.v^  germinal  vesicle  tnnsformed  into  a  spindle-shaped  syBtem  of  fibres  ;  j/,  the  first 
pobr  i^obnle  becoming  extmded  from  the  surface  of  the  ovom  ;  p,  p,  polar  globules 
eompletely  extmded ;  /.pn,  female  pronnclens. 

presented  the  stmctore  tyjncal  of  the  nndens  of  a  resting  ceU,  shows  indica- 
tiona  of  a  change,  and  becomes  transformed  into  a  spindle-shaped  system  of 
fibres  which  is  sitoated  near  the  sorfaoe  of  the  viteUos  (fig.  15,  g.r).  Presently 
<me  pole  of  the  s|nndle  is  protruded  from  the  surface  of  the  vitellus  (/»')  into  a 
space  (perivitelline  space)  between  the  zona  peUucida  and  the  vitellus,  caused  by 
a  shrinking  of  the  latter.  In  the  next  place  the  substance  of  the  nudeoplasmlc 
iOxes  gradnally  odlects  towards  the  poles  of  the  spindle  in  much  the  same  way 


*  The  description  which  follows  applies  to  the  ovnm  of  the  star-fish  as  obsorred  by 
Fol  and  Hertwig;  bat  the  researches  of  Ed.  van  Beneden  indicate  that  similar  phenomena 
attend  the  extmsioo  of  the  polar  globoles  in  tiie  mammalian  ovum,  although  on  aooonnt 
ul  tiie  diAealties  of  tiie  obsern^ion  all  the  phases  have  not  as  yet  been  seen. 
VOL.  n.  o 
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as  during  the  division  of  the  nucleus  in  an  ordinftry  cell,  and  two  daughter-niMJlii 
are  thus  fonned,  one  rc?maiiiiiig  m  tlie  ovum,  and  the  other,  togivther  with  n  Tety 
vmaO  Eunount  ef  the  vitelluSf  heooming'  free  in  the  periviieMine  fspoce  oa  a  polur 
globule  (fig.  15,  3,  //)-  Thifl  may  af^tdn  undergo  divLHion.  or  a  seoond  polar 
globule  may  be  protluced  from  the  nuckfus  of  the  oTum  in  the  same  way  as  was 
the  first.  The  inicleuM  of  tbo  ovum  now  move^  agaiu  towards  the  centre,  there 
to  await  the  advent  of  the  fertiliKiugr  aifent.  Since  it  la  now  somewhat  different 
from  an  ordinary  nucleuB  in  its  incapability  to  initiate  the  divii^ion  of  the  cell 
without  the  acceH9  of  a  fertilizing  agent,  aa  well  aa  in  structure,  no 
nucleoplattmic  network  being  visible,  it  ia  no  longer  termed  the  nucleun,  but 
the /ritmlr  j/ro* w  « rh  m  ( fig.  1  Ti ,  4,5 /*pn). 

Arrived  at  the  condition  above  deecribed,  the  ovum  Bf>em»  incapable  of  undor- 
goiog  further  change  until  it  has  received  and  blended  >^ith  a  (Kjrtion  of  one 
of  the  male  genen^ve  cellis.  The  latter  give  off^  in  a  manner  which  will  tie 
deacribed  when  the  male  organs  of  generation  are  treatetl  of,  minute  i^>oiiiDn» 
of  their  nuclei  and  protoplasm  in  the  form  of  the  so-called  Hix^rmatozoa, 
Thfise  consist  of  an  extremely  minute  j^rticle  of  nucleoplasm  termed  the 
heiul,  a  small  intermediate  mass  of  protoplai<m  named  tlie  body  or  neck,  and  a 
loag  apontaneoualy  vibratile  filament,  the  tail,  by  the  movement^  of  which  they 


^ 


Fijj.  la 


mjBr, 


i../r. 


Fig- 16.— Fbrtilixatiok  of  thic  ctuii  of  ait  acHi50t>xaM  (Selenka). 

f,  ipermatrtzoon  ;  wt.jpr,  male  pronucleus  ;  f.pf,  female  prouuclGuit. 

1.  Acce«Q(iuri  of  a  irpontiatotooa  to  the  peripliciy  of  the  vitelhiif ;  2.  fttt  i^uetmtion, 
aad  tht!  nutiul  dispoaition  of  the  Titelline  granules  ;  3.  TrnuBfcrmntinn  of  the  head  of  the 
spermatozoon  iato  tha  male  pronucleus  ;  4,  5,  Bkritling  of  the  mak  aa^  fouuUo  pronuclei. 

Are  propelled,  and  thu«i  a>«wis»ted  to  reach  the  ovum.  This  accomplij*hed,  Uiey 
piefce  the  zona  pellucida,  and  the  head  of  a  spermatozoon ^  generally  of  only  one. 
beooniea  Imried  in  the  periphery  of  tlie  vitellun (fig.  I  r*.  I ),  The  im J>ediled  hea«i  en 
lAi^efl,snd  becomes  trauaformed  into  a  clear  spheroidal  tmily,  the  tmih-  jtnt'ttuclrHjt. 
which «  as  the  linee  of  vitelline  granules  which  convcr^j'-e  towartU  it  indicate, 
exerts  a  powerful  influtinee  upon  the  protoplasm  of  the  ovum  (2. 3).  Hoon  it  begins 
to  move  towards  the  female  pro-nocleui*,  and  reaching  thin  tlie  two  Ijecomc  blendo^J 
and  a  new  nucleus  is  formal  by  their coalettcence  (4«  fj ),  It  is  this  nucleus,  formt^l 
by  the  fusion  of  the  male  and  female  pro-nuclei,  which  initiates  the  division  of 
the  eggHsell  and  thoa  oomtnenoes  the  derelopment  of  the  embryo. 

Production  of  embryonic  cells  from,  the  fertilized  o^Ttun,  aatd 
their  arrangement  into  layers.  —  Pertilizatiuu  \mm^  (lamplvit'd,  the 
uvum   jinjiu^tHlys  tu  (li\  idc  iiiti*  two  daujc^hter-c^^Hs  (t*mied  $i'4jmtnU  or 

'tonieres)  iu  the  same  mauuer,  and  passing  thi'uugb  the  same  pha^c^, 
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08  any  other  dividing  oeD.  It  is  trae  that  all  the  diflTerent  forms  of  the 
nuclear  fibres  and  the  stages  above  described,  in  speaking  of  cell-division, 
have  not  been  made  out  in  the  division  of  the  egg-cell,  but  enough  has 
been  seen  to  warrant  the  assumption  that  the  process  is  in  the  main  the 
same.  The  result  is,  however,  somewhat  diflferent,  for  in  the  mammalian 
ovum  the  two  daughter-cells  are  not  perfectly  similar :  one  of  them  is 
larger,  clearer,  and,  as  the  sequel  shows,  possessed  of  greater  develop- 
mental activity  than  the  other  one,  which  is  smaller  and  more  granular. 
We  may  provisionally  term  the  former  the  eciomere  and  the  latter  the 
entomtre  (fig.  17,  a).  The  segmentation  into  two  cells  is  soon  followed 
by  the  division  of  each  of  these  so  that  four  are  produced  (fig.  17,  ^), 
and  the  process  of  multiplication  being  continued  with  more  or  less 
regularity  a  small  solid  mass  of  cells  eventually  results  from  the  division 


Fig.  17. ^FlBflT  STIGKS  OF  8V01CEHTATI0H   OF  A   XAXXALIAN  OYOX  :   ?EXI-I>lAGRA3fXATIC 

(Drawn  by  Dr.  Allen  Thomson,  after  Ed.  v.  Beneden^s  description). 

z.p.^  soma  pellncida  ,  p.</?.,  polar  globules  ;  tct.,  ectomere  ;  en/.,  cntomere.  a,  division 
into  tvo  blastomeres  ;  S,  stage  of  four  blastcimeres ;  r,  eight  blastomeres,  the  ectomeres 
partiaUy  enclosing  the  entomeres ;  d,  e,  succeeding  sti^ges  of  segmentation  showing  the 
more  rapid  dirision  of  the  ectomeres  and  tiie  enclosure  of  the  entomeres  by  them. 

of  the  egg-cell  (fig.  17,  e,  and  fig.  18,  a).  Presently  fluid  tends  to 
accumuls^  in  the  interior  of  the  mass  (fig.  18,  h),  transforming  it  into 
a  hollow  vesicle  which  is  termed  the  blastodermic  vesicle  (fig.  18,  f,  d). 
The  wall  of  this  is  formed  by  only  a  single  layer  of  flattened  ceUs  (pct.), 
eioept  at  one  part  where  there  is  a  small  patch  of  granular  cells  {eni.) 
constituting  another  but  an  imperfect  layer,  which,  however,  before  long 
extends  around  the  whole  vesicle.  A  third  or  intermediate  layer  (derived 
from  one  or  both  the  others)  makes  its  appearance  between  the  two 
which  are  first  formed  so  that  the  blastoderm  is  finally  tri-laminar. 
The  outermost  of  the  three  blastodermic  layers  is  termea  the  ectoderm 
or  eptblast,  the  innermost,  the  entoderm  or  /ii/poblast,  while  the  inter- 
mediate layer  is  the  mesoderm  or  mesohlast  (see  fig.  20). 
The  reralt  then  of  the  division  of  the  ovum  is  the  production  of 

c  2 
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L,  ent^t  ectoderm  t  cntodorni  ;  e,p.,  thiiiiiuil  out  <em«  pullucidji. 

-SuCTlOif   OF  TRTLAMIJIIR   BLASTOPifflM   OF  TIIK    RABDIT   (Kdllikcr).      tCt,  ait, 

« ;  mecp  mesoderm  oontinuoui  in  middle  { pr.\  with  tictodorm* 


Ectoderm 

or 
Epiblast 
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numeronB  oellfl  (embryonic  cells),  which  are  arran^d  in  the  three 
definite  layers  above  enmnerated.  From  these  emBryonic  cells  and 
their  descendants  the  varions  tissues  of  the  body  eventually  become 
formed.  This  development  of  the  tissues  or  ''histogenesis"  does  not 
take  place  promiscuously,  but  there  is  a  certain  relation  maintained 
between  the  several  layers  of  the  blastoderm,  and  certain  tissues ;  that 
is  to  say,  some  tissues  are  always  formed  from  cells  belonging  to  one 
laver,  others  firom  cells  belonging  to  another.  The  following  is  the 
relation,  given  in  tabular  form  : — 

Nervous  tissue. 

The  epithelium  of  the  sense  organs. 

The  epithelium  of  the  central  canal  of  the  spinal 

cord  and  of  the  ventricles  of  the  brain. 
The  epithelium  of  the  skin  (epidermis). 
The  epithelium  of  the  mouth. 

Entoderm     ] 

or  >  The  epithelium  of  the  alimentary  canal  (except  the 

Hypoblast     j      mouth)  and  of  the  glands  in  connexion  with  it. 

UftmnA  f  '^^  ^^^  epithelium. 

Mesoaerm  i  The  epithehum  of  vessels  and  serous  membranes. 

M^   Ti  -4.  I  The  connective  tissues  (including  cartilage  and  bone). 

Mesoblast  [  Muscular  tissue. 

OW   THX   NUTRITION  AND   OBOWTH   OV   OXIiIiS. 

When  a  cell  divides,  the  resulting  cells,  as  we  have  seen,  are  smaller  than 
the  original  oeU ;  but  they  speedily  grow,  and  each  of  the  daughter^oells  before 
long  attains  the  size  of  the  mother-cedL  In  order  to  enable  cells  thns  to  grow  or 
increase  in  size,  they  are  snpplied  with  nntritiye  material,  which,  nnder  ordinary 
drdunstances  is  immediately  derived  from  the  plasma  of  the  blood,  which 
tnmsodes  throngh  the  coats  of  the  small  blood-vessels,  and  thns  reaches  the 
elements  of  the  tissnes.  It  is  in  all  cases  a  necessary  condition  that  this  material 
of  nutrition  ahoold  be  brought  within  reach  of  the  qwt  where  nntritum  goes  on, 
althcKigh  it  is  not  essential  for  this  purpose  that  the  vessels  should  actually  pass 
into  the  tissue. 

In  the  instance  of  cuticle  and  epithelium,  no  vessels  enter  the  tissue,  but  the 
nutrient  fiuid  which  the  subjacent  vessels  afford  penetrates  a  certain  way  into 
the  growing  mass,  and  the  cells  continue  to  assimilate  this  fluid,  and  undergo 
their  changes  at  a  distance  from,  and  independently  of,  the  blood-vessels.  In 
other  non-vascular  tissues,  such  as  articular  cartilage,  the  nutrient  fluid  is  doubt- 
leas,  in  like  manner,  conveyed  by  imbibition  through  their  mass,  where  it  is  then 
attracted  and  assimilated.  The  mode  of  nutrition  of  these  and  other  non- vascular 
mnswew  of  tissue  may  be  compared,  indeed,  to  that  which  takes  place  throughout 
the  entire  organism  in  ceUular  plants,  as  well  as  in  those  simple  kinds  of  animals 
in  which  no  vessels  have  been  detected.  But  even  in  the  vascular  tissues  the  con- 
ditions are  not  absolutely  different ;  for  although  the  vessels  traverse  the  tissue, 
they  do  not  penetrate  into  its  structural  elements.  Thus  the  capillary  vessels  of 
muscle  pass  between  and  around  its  fibres,  but  do  not  penetrate  their  inclosing 
sheaths.  The  nntrient  fluid,  on  exuding  from  the  vessels,  has  here,  therefore,  as 
weU  as  in  the  non-vascular  tLssues,  to  permeate  the  adjoining  mass  by  transuda- 
tion, in  order  to  reach  these  elements,  and  yield  new  substance  at  every  point 
whoe  renovation  is  going  on.  The  vessels  of  a  tissue  have,  indeed,  been  not 
unapUy  conqiared  to  the  artificial  ohannela  of  irrigation  which  distribute  water 
over  a  field;  just  as  the  water  penetrates  and  pervades  the  soil  which  lies  between 
the  interaedting  streamlets,  and  thus  reaches  the  growing  plants,  so  the  nutritions 
finid,  emrmptng  thron^^  the  coats  of  the  blood-vessels,  must  permeate  the  J 
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dJate  mass  of  Ussao  wluch  lies  in  tho  meshea  of  even  the  finest  vascular  network. 
The  qnaJitity  of  Huid  supplied^  and  the  diatance  it  has  to  penetrate  bejeud  the 
resscla^  wiO  vary  according  to  the  proportion  which  the  latter  bear  to  the  maaa 
requiring  to  be  nourished. 

By  its  growth  taking"  place  more  in  one  direction  than  another,  a  cell  becomes 
laodifiod  in  Bhape,  Of  conr«ep  if  a  cell,  originally  spherical,  grows  equally  in  all 
direction B,  the  spherical  form  is  maintained ,  except  in  those  ca»es  where,  by 
mutUfLl  comproKsion  the  cells  acquire  fattened  sides  and  a  polyhedral  shape.  li 
the  cell  grows  out  very  much  more  in  one  direction  than  in  others .  a  fibre  may  be 
formed,  as  in  the  product  ion  of  nerve- fib  res  ;  or,  if  a  cell  thua  protloced  becomes 
hollowed  out  and  united  with  other  similar  cells,  a  vessel  may  result,  as  in  the 
production  of  blood- veaaels.  By  the  growth  of  a  cell  at  seyeral  different  points 
or  by  its  retraction  between  certain  points,  a  etellate  form  is  produced  j  and, 
indeed,  innumerable  instances  might  he  given  of  modificationfl  in  the  shape  of 
cells  produced  by  inequalities  in  growth. 

One  of  the  modifications  in  ehape  produced  by  compression  has  just  been  referred 
to.  Another  instance  is  seen  in  those  cases  in  which,  hy  the  continual  division 
and  growth  of  deeper  lying  celLs,  other  cella,  which  are  placed  more  superficially, 
become  flattened  oat  and  forced  towards  the  surface,  as  happens  in  the  case  of  the 
stratified  epithelia. 

Waste  of  the  tlssnes. — The  tissues  and  organs  of  the  animal  body,  when  once 
employed  in  the  exercise  of  their  functions,  are  sabjeot  to  continual  loss  of 
matejrial,  which  is  restored  by  nutrition.  This  waste  or  consumption  of  matter, 
with  which  in  all  cases  the  use  of  a  part  is  atteinded,  takes  place  in  diiferent 
modes  and  degi^es  in  different  structures.  Thus  in  the  cuticle  the  decayed  parts 
are  thrown  off  at  the  free  surface;  in  the  vascular  tissues,  on  the  other  band,  the 
old  or  effete  matter  must  be  first  reduced  to  a  liquid  state,  then  find  its  way  into 
tho  blood-Teaaeb,  or  lymphatics,  along  with  the  residual  part  of  the  nutritive 
plafimfti  and  bo  hy  them  carried  off. 

Beg-eneration.— ^Vhen  a  part  of  a  texture  has  been  lost  or  removed,  the  loss 
may  be  repairetl  hy  regeneration  of  new  substance  of  the  same  kind;  but 
the  extent  to  which  this  restoration  is  possible  is  very  different  in  different 
textures.  The  special  circumstances  of  the  regenerative  process  in  e»ck  iAma& 
will  be  oonsideiid  hereafter  ;  but  we  may  here  state  generally,  that,  as  for  as  is 
known,  the  reproduction  of  a  texture  is  effected  in  the  same  manner  m  its  original 
formation. 

l^iterature. — The  following  are  the  more  recent  papers  of  importance  on  the  structure 
of  colli  and  the  changes  which  Iboy  undergo  during  division  :  C.  Ileitzmannf  ITatersnchnng- 
sn  iiber  das  ProtoplajimA,  Wiener  Sitzungsb,  1873.  L.  Au^ach,  Organologiscbe  Htudisiv 
1874.  O.  Frommannt  Zur  Lehro  von  der  Struktur  der  Zellen.  Jena  Zeitschrift,  1876,  and 
subsequent  papers  ii  the  same  jouroal.  0.  Biit9chli,  Uaienuchungen  betreffend  die  eraton 
BatwicklungHvorglluge  im  bef ruchteten  Ei  &c,  Zeitschr,  f.  wis^ensch.  Zoologio  XXV.  SiraS' 
htrger,  OeborZellbildnng  u.  ^ellthcilmng.  leneLf  1875  and  1370  ;  Studitsn  Uber  das  Proto- 
blauiLa.  Jena  ZoitsGhr.  1S76  ;  Dehor  Befruchmng  u.ZelUthei]ung.  Jena  Zeitschr,  1877,  and 
Nene  Becbachtungea,  1879  ^chiefly  on  Ike  vegetable  cell)»  0.  Jlerlwig,  Beitriige  inr  Kennt- 
mm  det  BUdung,  Befrachtung  und  Thetlnng  dea  tkieriscben  Bies.  MorpboL  Jahrbuch  I. 
1878,  IlL  1877,  and  17.  1878.  11^.  M<i^l^  Ceber  eigenthnmlicbe  Yorgange,  &c, 
Oontialblatt  t  i  med.  Wisaenschaften,  1S75.  E.  f?.  Jkneden^  La  maturation  de  rcenf, 
&c.,  Boll,  de  Tacad.  roj.  de  Iklgique,  187fi  [  Embryol.  da  lapiop  Arcb.  de  Biol,,  18S0. 
R,  JBertwiff,  Beitra^co  s<  «•  einheith  Auffaseung  d,  verschied.  Kt^riiformen,  Moqih,  Jahrh. 
1870.  W,  Flemming,  ZcUkcm.  Arcb.  1  mikr.  Anatomie,  Bd.  XII L  Zur  Kenntniaa  der 
3Eolle  n.  ihrer  ThGtlnngaGrBcheinungen,  Ibid.  XVI.  find  XVIL  Pcrtmaehko^  Ueber  die 
Theilung  der  thicriachen  Zellcn.  Arch.  f.  mikr.  Aiiat.  XVI.  and  XVII.  C.  J.  Ebtrih^ 
Ueber  Kern-und  ZcU-theilung.  Virehow'u  Archiv.,  lid.  67,  1S7<j.  TL  Eimer^  Ucber  den 
BiA  dcs  Zell-kerae,  Arcb.  f.  mikr.  Anat.  XIV.  H,  Pol,  Sur  le  commencement  do 
ThAio^nie,  Arch.  d.  Bcien<!«s  physiquc8  et  naturelles,  ]S77t  and  printed  «c|)arately,  187$). 
&  Stnci^eTf  Bcobacht.  ucbcr  die  Biistchung  dos  Zell-kerat.  Wiener  Bitxungab.  1877* 
B.  h'Uinj  the  etructure  of  c«lli  and  nuclei,  Qii.  Jotim.  Mier.  Sci.,  1878  and  1879  ; 
On  Iho  glandular  epithelium  and  division  of  nuclei  in  tbo  Newt,  1879*  TL  W,  Sngelmann, 
J^hr«i(dogie  der  Protoplftsma-bewegnng :  in  Handb,  der  PliTniologie  v.  L.  Hermann.  (7.  5* 
'--'^wth  aa  a  function  of  cells  :  and  Preliminarj  notioeof  ooriain  Uwi  of  bistological 
•D  to  the  Proc  Br»*ton  flodcty  of  Nat.  niM.  1«7i>. 
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The  most  striking  external  character  of  the  blood  is  its  well-known 
oolonr,  which  is  bright  red  approaching  to  scarlet  in  the  arteries,  but  of 
a  dark  pnrple  or  modena  tint  in  the  veins.  It  is  a  somewhat  clammy 
and  consistent  liquid,  a  little  heavier  than  water,  its  specific  gravity 
being  abont  1*055  ;  it  has  a  saltish  taste,  a  slight  alkaline  reaction^  and 
a  peculiar  faint  odonr. 

To  the  naked  eye  the  blood  appears  opaqne  and  homogeneons ;  bnt^ 
when  examined  with  the  microscope,  either  while  within  the  minute 
vessels,  or  when  roread  out  into  a  thin  layer  upon  a  piece  of  glass,  it  is 
seen  to  consist  of  a  transparent  colourless  fluid,  named  the  "  lymph  of 
the  blood,"*  '' liquor  sangpnis,"  or  '' plasma,''  and  minute  solid  particles 
or  corpuscles  immersed  in  it.  These  corpuscles  are  of  two  kmds,  the 
colouied  and  the  colourless  :  the  former  are  by  far  the  more  abundant, 
and  have  been  long  known  as  **  the  red  particles,"  or  '^  globules,"  of  the 
blood  ;  the  "  colourless,"  "  white,"  or  "  pale  corpuscles,"  on  the  other 
han^  being  fewer  in  number  and  less  conspicuous,  were  later  in  being 
generally  recognised. 

When  blood  is  drawn  from  the  vessels,  the  h'quor  sanguinis  separates 
into  two  parts ; — into  fibrin,  which  becomes  solid,  and  a  pale  yellowish 
liquid  named  serum.  The  fibrin  in  solidifying  involves  the  corpuscles 
and  forms  a  red  consistent  mass,  named  the  clot  or  crassammtum  of  the 
blood,  from  which  the  serum  gradually  separates.  The  relation  between 
the  ^x>ve-mentioned  constituents  of  the  blood  in  the  liquid  and  the 
coagulated  states  may  be  represented  by  the  subjoined  scheme : — 


Liquid  blood 


''CofpiiBoles    •        .  .  \ 

dot     \ 
^Flbzin  .    .  ) 

I  Coagulated  blood. 


^Lfafoor  aangniniB 


^Semin  •    • 


In  a  cnbic  millimeter  of  healthy  human  blood  there  are  on  an  average 
5,000,000  red  corpuscles  (Vieroidt)  and  10,000  white  corpuscles.  The 
numb^  of  white  corpuscles  varies  much  more  than  that  of  the  red,  and 
the  proportion  of  the  white  to  the  red  is  variously  given  at  from  1 :  1000 
to  1:250.  There  are  said  to  be  fewer  red  corpuscles  in  the  female 
(4,500,000  in  a  cubic  millimeter  according  to  Welcker). 

The  nnmention  of  the  blood-corpnaclea  is  readily  performed.  A  little  blood, 
obtained  by  prickiiig  the  finger,  is  meaaoxed  in  a  capillary  tabe,  and  ia  then 
mixed  with  a  meaaored  amount  (say  100  times  its  yolnme)  of  dilate  solntion  of 
solphate  of  soda,  or  some  other  salt  which  will  maintain  its  floidily  and  at 
the  same  time  preserve  the  oorposdes  nearly  unaltered ;  the  latter  can  then  be 
coonted  in  a  amaU  known  qnantily  of  the  mixtnre.  This  part  of  the  operation 
is  effected  by  placing  a  drop  of  the  mixture  in  the  middle  of  a  glass  ''  ceU  '*  of 
a  ooiain  depth  (say  j|)th  of  a  millimeter),  the  bottom  of  which  is  mled  in  squares, 
the  aides  of  which  axe  of  a  known  dimension  (say  again  ^  milL).  If  now  a 
ooTering  glass  is  placed  OTer  the  ceU  so  as  to  tonch  the  drop,  the  latter  wiU  form 
alayer of  the  mixtuze  ^  milL  deep,  and  the  part  abore  each  sqnare  wiU represents 
cobeof  liquid  the  aides  of  which  measure  j^milL  So  that  I7  oonnttng  the  number 
of  oacpaadea  ia  a  aqiiaze,  after  allowing  them  time  to  subside,  the  number  in  thif 
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volume  of  the  mirture  is  obtained.    It  is  clear  that  a  simple  calculatioti  will 
then  giva  the  nimiber  In  a  cubic  roillimeter  of  the  blood  employed. 

The  methods  of  Hayem  and  Kaehet.  Growers,  and  Tlioma  arc  based  on  the 
above  principle.  The  average  resalte  obtained  by  re^ient  inveatigotors  a^ree 
cloeelj  with  fche  original  estimates  of  Yierordt  and  Wdcker, 


HUD   COHPnaOIiEB   OF   TSm   BXjDOD. 

Tbcse  are  not  eplierical,  as  the  mime  "  glDbiilcs/'  bj  which  they  were 
formerly  designated,  would  Beem  to  im]>ly,  but  flattened  or  disk*sliaped. 
Those  of  the  human  blood  (fig,  21  and  tig.  22,  a)  have  a  nearly  circular 
outline,  like  a  piece  of  coin,  and  most  of  them  also  present  a  ehallow  cup* 
like  depression  or  dimple  on  both  surfaces ;  their  usual  figure  is,  therefore, 
that  of  biconcave  disks.  Their  magnitude  dilfers  somewhat  even  in  the 
same  drop  of  blood,  and  it  has  been  variously  assigned  by  authors  ;  but 
the  prevalent  size  may  be  stated  at  from  x«:W*^li  ^  j^V^^^  ^^  ^^^  ^^^^ 
('007  to  '008  millimeter)*  in  diEimeter,  and  about  one- fourth  of  that  in 
thickness. 

Pig.  21.  ^H  DM  AN  BIiOOD  AS  flSSlT  0» 
THE  WARH  JITAQB*  MAQlTinKD 
ABOUT   1200    WAStBfK»a  (E.  A.S.), 

r,  r,  aingle  nn!  corpriacles  seen  lying 
flat ;  r',  /,  reil  corpuscka  on  their 
edge  and  viewed  in  protile  -  r^,  red 
corpu&clea  armngetl  in  rouleaux ;  c»  c^ 
crenate  red  corpuscles ;  p^  »  fiuely 
granuLir  pule  corpuscle  i  ff,  a  coarsdy 
gmnular  pale  corpuskzle.  Botlt  bave 
two  or  tbrce  distiDCt  vacuoles,  and 
were  undtiTgoing  chauges  of  shape  at 
the  momeut  of  obeervatioa ;  in  ff,  a 
nucleus  also  is  risible* 


Fig.  21. 


♦  ^ 


In  tTtammiferous  MifaiaJit  gene- 
mllyj  the  red  oorpu«s!«i  ftro  shaped 
as  in  man,  exeept  in  tlie  camel 
tribe,  in  wMch  they  have  an  ellip- 
tical outline.  In  birds,  reptiles, 
amphibia^  and  mo€(t  fishes,  they 
are  oval  dii^ka  with  a  central  ele- 
vation on  both  snrfacca  (fig.  22,  B, 
^  and  fig,   27,  from  the  frog),  tho 

height  and  eittent  of  which,  aa 
well  as  the  proportionato  length  and  breadth  of  the  oval,  vary  in  different 
instanoes,  so  that  in  some  fiahea  the  elliptical  form  ia  almost  Bhortened  into  a 
circle. 

llie  hize  of  the  corpusclefl  differs  greatly  in  tlie  different  claa**e8  of  Vertebrata; 
they  are  largest  in  the  Amphibia.  Thus  in  the  frog  they  are  atout  yj^oth  of  an 
inch  long  and  ip.^,r,th  broad  ;  in  Prottms  unguinuB,  ^ijfjth  of  an  inch  long  and 
y^j  th  broad  :  in  Amphiuma  tridactylunij  where  they  arc  largest,  the  red  coqinn- 
oles  are  one-third  larger  than  tho^^e  of  the  Prot<eus.  In  birds  they  range  in  length 
from  about  ^  ^th  to  x^^^h  of  an  inch.  Amongst  mannoaln  the  elephant  ho^  the 
hirgest  red  blood-corpuscles  (i^th  of  an  inch) ;  thoj^e  of  the  dog  aTeiage  ji^tJi 
of  an  inch  ;  tho«o  of  the  sheep  ^th  of  an  mch  ;  the  goat  wan  long  euppoeed 

•  Th^  ono-ihouEandtb  pari  of  a  millimeter  is  often  kuowu  as  a  wUero-mMimeter  or 
kod  is  represt-ntcd  bj  the  Greek  letter  ^,  Tho  diameter  of  a  rod  blood  corpufiole 
cpresied  as  7 — 8  micioas  (7  /i — S  u). 
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to  hATe  tlie  smalleBt^  (^  th  of  an  inch)  but  Gnlliy  er  f onnd  them  about  half  this 
sue  in  the  Meminna  and  Kapa  deer. 


In  obeexrationa  upon  the  blood  of  different  raoee  of  mankind,  Bichaidaon  f omid 
no  constant  difPerence,  the  average  diameter  of  the  red  blood-corpoacle  being 
i^th  of  an  inch.  The  corpuscles  of  many  mammals,  and  notably  the  dog 
among  the  common  domestic  animals,  approach  so  nearly  in  size  to  the  human 
blood-corpnsclee  as  to  be  quite  nndistingniahable  from  them* 


Rg.  22. 


B 


1 


Kig.  22.  — HUMAS  EBD  OOaPUflCLBS  (A)  AMD  BLOOD  CORPUSCLES  Of  THB  nOQ  (B)  PLAOID 
ami  BT  SIDB  TO  8B0W   BBLATIYX  8IZB.      500  DIAXBTKIS. 

I9  shows  their  Inroad  surface ;  2,  one  seen  edgeways ;  8,  shows  the  effect  of  dilate 
leetie  acid  ;  the  nndeos  has  become  distinct  (from  Wagner). 

When  viewed  singly  by  transmitted  light  the  coloured  corpuscles  do 
not  appear  red,  but  merely  of  a  reddish-yellow  tinge,  or  yellowish-green 
in  Tenons  blood.  It  is  only  when  the  light  traverses  a  number  of  cor- 
puscles that  a  distinct  red  colour  is  produced. 

In  consequence  of  the  shape  of  the  corpuscle,  it  looks  darker  in  the 
middle  than  at  the  edge  when  viewed  with  only  a  moderate  miagnifying 

Eower,  or  at  a  distant  focus ;  but  the  middle  of  the  corpuscle  app^ffs 
ghter  than  the  periphery  when  a  close  focus  or  a  very  high  magm^ing 
power  is  employecL 

The  red  disks,  when  blood  is  drawn  from  the  vessels,  sink  in  the 
jjni^mn. ;  they  have  a  gingnlar  tendency  to  run  together,  and  to  cohere 
hj  their  broad  surfaces,  so  as  to  form  by  their  aggr^ation  cylindrical 
colnmns,  like  piles  or  rouleaus  of  money, 
and  the  rolls  or  piles  themselves  join 
together  into  an  irregular  network  (figs. 
21  and  23).    Generally  the  corpuscles 
separate  on  a  slight  impulse,  aud  they 
may  then  unite  again.    Tne  phenomenon 
is  most  readily  eicplained  by  supposing 
the  substance  composing  the  corpuscles 
to  possess  a  slight  natimd  adhesiveness 
(Lister).    It  w3l  take  place  in   blood 
which  has  been  in  any  way  brought  to 
a  standstfll    within  the  living  vessels  as 
well  as  in  blood  that  has  stocnl  for  some  ^ 
hours  after  it  has  been  drawn,  and  also 
when  the  globules  are  immersed  in  serum 
in  J^aoe  of  liquor  sanguinis. 
The  oorpuiideB  alter  their  shi^  on  the  slightest  pressure,  as  is  well 


l?ig.  28: 


'  Fig.  23. 


BbD  C0EPU8CLXS  OOLLXCTBD 

I5T0  ROLLS  (after  Henle). 
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Been  whflc  they  move  within  the  vessek ;  they  are  also  elastic,  for  they 
readily  recover  their  original  form. 

The  human  blood-corpuscles,  as  well  as  those  of  the  lower  animals, 
often  present  deviations  from  the  natural  shape,  which  are  most  pro- 
bably aue  to  causes  acting  after  the  blood  has  been  drawn  from  the 
vessels,  but  in  some  instances  depend  upon  abnormal  conditions  pre- 
viously existing  in  the  blood.  Thus,  it  is  not  unusual  for  many  of 
them  to  appear  shrunken  and  crenatcd,  when  exposed  under  the 
microscope  (fig.  21,  c,  c ;  fig.  24,/),  and  the  number  of  corpuscles  so 
altered  often  appears  to  increase  during  the  time  of  observation.  This 
is,  perhaps,  the  most  common  change  ;  it  occurs  whenever  the  density  of 
the  plasma  is  increased  by  the  addition  of  a  neutral  salt,  and  is  one  of 
the  first  effects  of  the  passage  of  an  electric  shock.  The  corpuscles  may 
become  distorted  in  various  other  ways,  and  corrugated  on  the  surface ; 
not  unfrequcntly  one  of  their  concave  sides  is  bent  out,  and  they  acquire 
a  cup-like  figure. 

Gnlliyer  made  the  canons  discovery  that  the  corpuscles  of  the  Mexican  deer  and 
some  aUied  species  present  very  singular  forms,  doubtless  in  consequence  of 
exposure ;  the  figures  they  assume  are  various,  but  most  of  them  become  length- 
ened and  pointed  at  the  ends,  and  then  often  slightly  bent,  not  unlike  caraway- 
seeds. 

Stractnre  of  the  coloured  blood  oorpnsoleB.— Each  red  corpuscle 
is  formed  of  two  distinct  parts,  a  coloured  and  a  colourless,  but  under 
ordinary  circumstances  the  two  are  intimately  commingled,  so  that 
every  portion  of  the  corpuscle,  however  small,  has  to  all  appearance  the 
same  constitution :  the  corpuscles  therefore  look  homogeneous. 

Of  the  two  parts  composing  the  corpuscle  the  one  which  imparts  its 
colour  to  the  blood-disk  consists  of  a  rea  crystallizable  substance  termed 
httmoglohin^  the  colourless  part  is  termed  the  sirama.  Haemoglobin  is 
readily  soluble  in  water,  and  the  addition  of  this  fluid  to  a  drop  of 
blood  scr\'es  speedily  to  separate  the  coloured  substance  from  the  colour- 
less part  of  the  corpuscle  (fig.  24,  a — e).    The  same  effect,  namely, 


a         o  e  €t        ^ 

I  I  t  oo 


Fig.  24.  Fig.  24. — a-e,  suocessiTe  effects  of  water  upon 

,  a  red  blood-corpuscle  ;  a,  corpuscle  seen  edgeways, 

^        ^        ^^    ^^        slightly  swollen  ;  6,  c,  one  of  the  sides  bulged  oat 

(cup  form) ;  (i,  spherical  form  ;  e,  decolorized  stroma ; 

/,  a  thorn-apple  shaped  coriiuscle  (due  to  exposure) ; 

g,  action  of  tannin  upon  a  red  corpuscle. 

/.^A^  ^CD^     ^^^  discharge  of  colouring  matter  from 

^^  ^'^^     the   corpuscles,    may    be    produced    by 

various  other  means,  such  as  the  action  of 
heat  (60"*  C),  the  alternate  freezing  and  thawing  of  a  portion  of  blood, 
the  action  of  ether  and  chloroform  vaponr,  and  the  passage  of  electric 
shocks  through  blood  ;  in  these  cases  tne  lucmoglobin  becomes  dissolved 
by  the  senim.  Many  watery  solutions,  such  as  dilute  acids,  act  like 
water  itself.  The  effect  of  a  solution  of  tannic  acid  is  peculiar,  from 
the  fact  that  the  haemoglobin,  although  discharged  from  the  corpuscle, 
yet  being  insoluble  in  the  solution,  is  immediately  precipitated  upon 
the  surface  of  the  stroma  in  the  form  of  a  small  darkly  coloured  globule 
^Fig.  24,^.)  (W.  Roberts). 

1^  blood  or  serum  of  many  animals  belonging  to  different  genera 
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cannot  be  mixed  without  producing  the  decolorization  anddeBtruction  of 
the  red  corpuscles  of  one  or  both  sorts  of  blood  (Landois). 

Blood  in  which  the  haemoglobin  has  been  dissolved  out  from  the 
corpuscles  bj  any  of  these  means  is  seen  to  have  lost  its  opaque  appear- 
ance, and  to  have  acquired  a  transparent  laky  tint ;  the  change  depends 
upon  the  fiiot  that  the  colouring  matter  when  dissolved  in  the  serum  and 
forming  a  homogeneous  layer,  interferes  less  with  the  transmission  of  light 
than  when  occurring  in  scattered  particles. 


Fig.  25. 


Haemoglobin  after  being  thnB  separated  from  the  blood-corpoBcleB  is  prone  to 
undergo  crystallisation.  The  crystals  present  yariouff  forms  in  different  animals, 
bat  almost  all  (the  hexagonal  plates  of 
the  squirrel  being  alone  excepted)  belong 
to  the  rhombic  system.  From  human 
blood  and  that  of  most  mammals,  the 
crystals  are  elongated  prisms  (fig.  25,  1^ 
bat  they  are  tetrahedrons  in  the  groinea- 
pig  (2),  and  short  rhombohedrons  in  the 
hamster  (4).  They  are  most  readily  ob- 
tained for  microscopical  examination  from 
the  blood  of  the  rat,  where  they  appear 
merely  on  the  addition  of  a  little  water. 

AU  hsemoglobin  crystals  contain  a 
certain  amount  of  water  of  crystallization 
(K&hne).  They  are  doubly  refracting 
(anisotropous).  The  spectrum  of  hsemo- 
gh>bin,  whether  in  substance  or  in  solu- 
tion, may  be  always  readily  recognized 
by  the  double  or  single  absorption  bands, 
which  are  produced  according  as  it  is 
present  in  the  oxidated  or  deoxidated 
condition  (Stokes). 

Other  coloured  crystals,  which  may  be 
obtained  from  blood,  are  the  soK»lled 
**  hsBinin  crystals  "  of  Teichmann.  They 
are  formed  when  hsemoglobin  is  warmed 
with  a  little  salt  and  glacial  acetic  acid. 
On  cooling,  the  hiemin  ciystallizes  out 
in  minute  reddish-brown  adcular  prisms 
(fig.  26),  the  demonstration  of  which 
affords  a  positive  proof  of  the  presence 
of  blood-colouring  matter.  They  may 
readily  be  obtained  from  dried  blood 
without  the  addition  of  salt,  merely  by 
warming  it  with  concentrated  acetic  acid. 

The  amount  of  haemoglobin  in  each 
corpuscle,  which  is  liable  to  variation, 
may  be  approximately  arrived  at  by 
determining  both  the  number  of  cor- 
puscles and  the  amount  of  haemoglobin 
in  a  given  volume  of  blood.  The  amount 
of  haemoglobin  is  estimated  by  diluting 
a  sample  of  blood  with  a  known  amount 
of  water,  and  comparing  the  tint  of 
the  solution  so  obtained  with  that  of 
a  solution  of  haemoglobin  of  known 
strength.  A  very  convenient  means  of 
quickly  obtaining  an  idea  of  the  amount 
of  haemoglobin  in  a  sample  of  blood  is  afforded  by  the  **  haemoglobinometer  **  of 
QoweESy  which  ia  aixanged  on  the  above  principle. 


Fig.  25.— BLooD-ORTSTALSy  XAaKiFnm. 

1,  from  haman  blood ;  2,  from  the 
guinea-pig  ;  3,  sqairrel ;  4,  ' 

Fig.  26. 


"^ '/'<■- 


Pig.   26.— Hjmni 
nsD  (from  Prejer). 
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The  Btit»ma  of  tlve  red  corpuscle  duriRg  the  removal  of  the  hasmoglobin  giene- 
rally  loses  its  diecoitl  shape  and  becomes  globular.  It  is  itself  composed  of  a 
unmber  of  cbemical  subetanoes,  chief  among  wlilch  are  paraglobulin,  diolesteriHf 
and  protagon, 

BTBUCT17B11    OF    THSl    I^QI^hTTCJi    1^1:1}    OOE^ftJSgliaS   OT   TSOt    I^WHB 

Like  the  mammalian  Mood-diecs  the  large  corpuscles  of  the  frog  (fig,  27)  and  eala- 
Enander,  may  be  described  as  conabjting  of  colouied  mibetanoe  and  Btioma.  They 
differ  from  the  mammalian  corpui^cles,  however,  in  the  poseeseion  of  a  more  solid 
particle  of  an  oval  shape  which  Ilea  imbedded  in  the  stroma,  and  haa  been  long 
known  as  the  "  nucleus/'  It  is  rather  more  than  one-third  the  length  of  the 
corpuscle,  but  in  the  natural  unaltered  comiition  h  Kddom  visible  ;  thi^i^  probably 
owing  to  the  fact  that  it  poiwessieB  very  nearly  tlie  name  index  of  refraction  as 
the  reift  of  the  coipitflole.  For  it  may  be  rendered  visible,  even  under  tsnch  circum- 
stancee,  by  the  oombliied  action  of  watery  vapour  and  carbonic  acid  uix>n  the 
blood  ;  a  precipitate  (of  poraglobulin)  is  thus  produced  upon  the  nucleus,  and  its 
outline  oomes  into  view  :  on  readmission  of  air  the  precipitate  m  re-dissolved,  and 
the  nucleus  again  becomes  faint  or  diaapfjeara  (Strieker), 

The  effect  of  most  reagents  is  BimDar  to  thai  produced  on  human  blood.  Water 
canjBGS  both  stroma  and  nucleois  to  swell  up  by  imbibition,  the  coloured  part  being 

at  the  e&mG  time  extracted.     A 
Fig.  27.  dilute  eolation  of  acetic  acid  in   ' 

an  indifferent  fluid  alpo  removes 
the  colouring  matter,  but  the 
stroma  and  nncletij^  retain  their 
fihs^T  the  la*t- mentioned  l>ody 
presenting  a  markedly  granular 
appearance  (fig.  22,  :i)  ;  if  strong 
acetic  acid  be  employed,  the 
nnclens  often  acquiret^  a  reddiah 
tint.  Alkalies,  on  the  other 
hand,  even  when  very  dilute^ 
rapidly  destroy  both  oor})UBGle 
and  nucleus.  Varioua  reagerata 
orlded  to  newt'fl  blood  cauae  the 
coloured  part  of  the  ooirptiBolea 
to  become  gradually  witlidrawn 
from  the  stroma,  and  collected 
around  the  nucleus  ;  this  is  eepe- 
cially  the  case  with  a  two  per 
cent.  Folution  of  boracic  acid 
(Briicke) :  the  coloured  matter 
and  nucleus  <"  zooid  ")  may  sub- 
6*.i|Uently  be  altogether  extruded 
from  the  body  of  the  coriitmcle 
('' tiecoid"). 

Dilute  alcohol  bringe  to  view 
one,  or  at  most  two,  nucleoli 
within  the  nucleus  of  the  am- 
jihibian  red  eorpupcle  (lUmvier,  Stirling).  In  other  respects  also  this  structui^ 
reHerable«  the  nucleus  of  an  ordinary  ceU,  for  it  contains  a  network  traversing 
its  interior  (fig.  2S).  wliich  is,  however,  very  close,  and  prodncea  under  moderate 
powers  of  the  microsoof»e  a  wsmcwhat  granular  effect.  It  is  doubtfnl  w^hether  the 
titicleu8  of  the  adult  corpuscle  can  undergo  dlTiaion*  although  in  the  young  state 
the  divbion  of  the  nucleus,  followed  or  aooompanied  by  that  of  the  corpuscle,  haa 
frequently  been  observed. 

A  Question  which  ha«  been  much  discnuBecl.  is  a^  to  the  existence  of  a  mem- 
'l-wnll  around  the  red  corpuscle.  The  effecte  of  the  action  of  water 
^Intion   of    wdt    respectively,   seem  in  faTonr  of   the  view  that 


Pig.  27» — Faoo'fl  blood  (Ranvicr). 

a,  fed  corpu«cle  seen  on  the  fliit ;  v,  vacuole  in 
a  florpiisele  j  6,  e,  red  corpuscles  in  profile ;  it,  pale 
QOCpueQie  ai  rest  ;  tti^  jxiLe  corptij^clc,  exhiliiting 
amtsboid  movements ;  p,  coloured  fusiform  cor- 
puscle. 
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sQch  a  memlnmne  is  proflent     The  addition  of  water  to  the  blood,  canoes 

the  conraBcles,  both  those  of  man  and  of  the  frog,  to  lose  their  flattened  shape 

and  to  become  spherical ;  and  since  this  change  will  oocnr  long  after  the 

blood  has  been  drawn,  and  cannot,  for  this  and  other  reasons,  be  referred  to 

the  existence  of  contractility  in  the  corposde,  there  is  only  one  explanation 

which  can  be  offered ;  namely,  that  water  has  passed  into 

the  coipascle  by  osmosis,  and  has  thns  distended  the  Fig.  28. 

corpuscle.    In  the  same  way  the  action  of  ealt,  in  causing 

a  crenation  of  the  corpuscle,  can  be  best  explained  by 

soppoaing  that  watery  fluid  has  passed  out  from   the 

coiposcle  by  osmosis,  so  that  the  superficial  layer  which 

envelopes  the  rest  of  the  corpuscle  is  thrown  into  folds 

or  creases.    But  it  is  not  necessary  to  suppose  that  this 

enreloping  layer  is  of  the  nature  of  a  distinct  membrane ; 

for  if  we  assume  that  the  substance  of  the  oorjmscle  has 

a  more  fluid  consistence  internally  than  near  the  exterior, 

a  sufficient  explanation  of  the  phenomena  resulting  both       pig.    28.— Colovrbd 

from  the  action  of  water  and  of  ealt  is  obtained  without         oorpusolb  of  sala- 

aaserting  the  existence  of  a  definite  membrane,  a  structure  xakdbr,     SHownra 

which  no  one  has  succeeded  in  demonstrating  in  an  ihtra-nuolbar  kit- 

isolated  form.  work  (Flemming). 

Gaole  has  recently  described  the  derelopment  under 
certain  conditions  within  the  red  corpuscles  of  the  frog  of  a  minute  organism 
fdiich  subsequently  escapes  from  the  corpuscle,  and  moves  actively  about  in  the 
nrTonnding  fluid.  Gaule  is  of  opinion  that  the  organism  in  question  is  formed 
oat  of  the  living  substance  (protoplasm,  zooid)  of  the  red  corpuscle,  and  is  an 
active  free  condition  of  this.  It  would  seem,  however,  to  be  far  more  probably 
of  a  parasitic  nature,  developed  from  a  minute  invisible  germ  that  had  lain 
latent  within  the  corpuscle,  ready  to  undergo  development  under  favourable 


Under  the  influence  of  certain  conditions  (heat,  presence  of  septic  material) 
and  reagents  (urea  solution,  dilute  sheny  wine),  the  coloured  blood-corpuscles 
often  extrude  fine  beaded  filaments  which  may  attain  a  considerable  length,  and 
imdergo  Taried  changes.  As  Dowdeswell  has  correctly  pointed  out,  these 
filamentoos  extrusions  militate  decidedly  against  the  existence  of  a  membranous 
envelope  to  the  corpuscle.  It  is  not  by  any  means  proven,  however,  that  the 
filaments  are  porotoplasmic  in  nature,  like  the  amoeboid  processes  of  the  colourless 
ooqNiscles,  for  it  is  possible  to  explain  their  occurrence  by  supposing  that  they 
aze  caosed  by  the  action  of  the  fluid  upon  the  protagon  in  the  stroma,  much  in 
the  same  way  as  the  well-known  "  myelin  flgures  "  are  formed  from  the  protagon 
ia  the  white  substance  of  nervous  tissue  when  this  is  submitted  to  the  action 
of  water. 

The  affirmation  of  Bottcher  that  a  nucleus  is  present  in  the  Tnammalian  red 
blood-corposcle,  rests  entirely  upon  erroneous  methods  of  preparation.  That  of 
atnrk'*''  (which  is  a  revival  of  the  older  opinions  of  Wharton  Jones,  and  of  Busk 
and  Huxley)  that  the  mammalian  red  corpuscle  is  morphologically  a  nucleus  with 
an  imperceptible  amount  of  enveloping  cell-substance,  is  quite  distinct  from 
Bottcher's  view,  and  has  certain  considerations  to  recommend  it,  but  is  supported, 
at  present  upon  an  insufficient  basis  of  fact,  and  is  opposed,  moreover,  to  recent 
observations  upon  the  development  of  the  red  disk. 

OOIjOXTBIiSSS   OOBFUSOIJBS   OV   TKB   BIjOOD. 

Oasfteral  CJbaracters. — The  white,  pale,  or  eolonrless  corpuscles  are 
few  in  nninber  as  compared  with  the  red,  and  both  on  this  account  and 
becaose  of  their  want  of  colour,  they  are  not  at  first  easily  recognized  in 
a  microscopic  preparation  of  blood.  Their  form  is  very  various,  but 
when  absolutely  at  rest  thev  are  rounded  or  spheroidal.  Measured  in 
this  condition  they  are  found  to  be  about  j^V?^^  of  an  inch  (.001  nmi.) 
in  dkmeter.    They  are  specifically  lighter  than  the  red  corpuscles. 
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The  white  corpuscle  may  be  taken  as  the  type  of  a  free  animal  cell 
It  is  a  minute  protoplasmic  structure  inclosing  one  or  more  nuclei,  and  the 
protoplasm,  being  to  all  appearance  unaltered  from  its  primitive  condition, 
and  unenclosed  in  a  definite  membrane  or  cell-wall,  is  capable  of  exhibiting 
in  a  high  degree  the  amoeboid  movements  and  other  phenomena  which 
depend  upon  the  possession  of  contractility  and  have  been  already 
sufficiently  described.    The  white  blood-corpuscles  are  peculiarly  apt  to 

Fig.  29. 


Fig.  29. — Changes  of  form  of  a  whiti  oorpusolb  of  nkwt's  blood,  skbtohvd  at 

IHTBRYALS  OF  A  FBW  XINUTSS.  ThB  FIGURES  SHOW  ALSO  THB  IHTU88U80BPTIOK  OF 
TWO  SHALL  STARCH  ORAKULBS,  AHD  THK  CHAKQBS  OF  POSITION  WHICH  THBSB 
UVDBRWBirT  WITHIH  THE  OORPUSOLB.     (B.  A.  S.) 

take  into  their  interior  minute  solid  particles  that  have  been  introduced 
into  the  blood  (fig.  29) ;  this  nroperty  has  served  in  the  hands  of  Cohn- 
heim  and  others  as  a  means  of  aet^ting  escaped  white  corpuscles  in  tissues 
which  are  wholly  extravascular,  such  as  the  cornea.  Some  of  the  colour- 
less corpuscles  have  in  their  protoplasm  a  number  of  comparatively  coarse 
round  granules  (fig.  21,^)  which  are  generalljr  grouped  together  round  the 
nucleus.  These  corpuscles  are  often  distinguished  from  the  more  common 
paler  variety,  (fig.  21, ;?)  as  the  coarsely  granular  cells,  but  it  has  not  been 
shown  that  they  are  different  in  nature,  origin,  or  destination. 

Both  coarsely  granular  and  finely  granular  corpuscles  are  often  seen, 
which  are  much  smaller  than  the  ordinary  pale  cells,  consisting  chiefly 
of  a  spheroidal  nucleus  with  but  little  surrounding  protoplasm.  They 
seem  to  be  young  forms  of  the  more  protoplasmic  corpuscles,  and  are 
perhaps  identical  with  the  lymphoid  cells  found  in  lymphatic  glands  and 
similar  structures. 

The  corpuscles  often  have  one  or  more  conspicuous  vacuoles  in  their 
protoplasm,  but  these  are  inconstant,  and  may  appear  and  disappear  in 
the  same  corpuscle.  More  rarely  they  are  filled  with  vacuoles  so  that  the 
cell-substance  assumes  a  frothy  aspect.  This  is  commoner  in  the  white 
blood-corpuscles  of  the  newt  and  other  cold-blooded  animals  than  in 
those  of  man.  By  means  of  the  amoeboid  movement  of  their  protoplasm, 
the  pale  corpuscles,  under  some  circumstances,  possess  the  power  of 
wandering  or  emigrating  from  the  blood-vessels,  penetrating  between  the 
elements  of  their  coats,  and  in  this  manner  they  find  their  way  into  the 
interstices  of  the  tissues,  and  hence  into  the  commencements  of  the 
lymphatics.  Cells  like  these  which  appear  to  be  wandering  independently 
in  the  tissues,  and  particularly  in  the  connective  tissue,  are  known  as 
migratory  cells. 
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Bcadet  the  two  forms  of  pale  oorpuscletf  pievionsly  referred  to,  others  have 
been  deecribed  which  differ  from  them  in  containmg  red-coloured  granules  in 
thor  protoplasin.  Aooording  to  A.  Schmidt  and  Semmer,  such  cells  are  very 
Bimeroas  in  the  drculating  blood,  bnt  on  withdrawal  of  the  blood  from  the 
TOidB  they  become  rapidly  destroyed  and  disappear  without  leaving  a  trace. 
Sthmidt  looks  upon  them  as  transitional  forms  between  the  white  and  red 
corpuscles,  bat  the  evidence  of  their  constant  occurrence  in  normal  blood  is  at 
iraeni  unsatisfactory 

The  pale  corpuscles  possess  one,  two,  or  more  nuclei,  which  are  generally 
obecnre  in  the  liM'ng  condition,  but  are  occasionally  seen  when  the  cor- 

Fig.  30. 


Flfi.  30. — A  PALI  CORPUSCLE  OP  TBI  1IBWT*8  BLOOD  WITH  THBKB  HUOLBI  (Klein). 

,  saocessive  forms  assumed  at  intervalB  of  a  few  minutes. 


In  other  respects 


pncie  becomes  flattened  out  (fig.  30,  h,  ej)  and  may  always  be  brought 
into  Tiew  by  reagents.  The  nuclei  are  apt  to  take  on  peculiar  shapes, 
ctaaed  periiaps  by  traction  exercised  upon  them  by  the  movements  of 

1^  31. — A    PALB   C0RPU8CLB   OP    TUB    SALAXABDEB,    SHOWING  Fig.  81. 

nosCATBD   IBBBUULAB    BUCLBUB    WITH    IBTRABUCLBAR    RBT- 

VDu.   (Flemmiiig.) 

tk?  sorroanding  protoplasm.  Thus  a  nucleus  not- 
snfreqnentlj  becomes  elongated  and  either  irregular 
ID  outline  (fig.  31)  or  folded  on  itself,  so  that  when 
(bt  ends  are  turned  up,  the  appearance  of  two  nuclei 
8  produced,  where  in  reality  there  may  be  but  one. 
^j  have  the  normal  structure  and  appearance  of  cell-nuclei,  contain- 
oe  the  usual  intranuclear  network.  The  division  of  the  nucleus  and 
i  the  c«>q»nflcle8  takes  place  m  the  same  way  as  in  other  animal  cells, 
k:  it  IB  probable  that  the  phases  are  neither  so  numerous  nor  so 
owLplicated.  The  process,  as  observed  in  the  newt's  corpuscle,  is  as 
iijws :  —  The  nucleus  becomes  enlarged  and  transformed  into  a 
ij?tem  of  parallel  fibres.  The  substance  of  the  fibres  gradually  col- 
*tt^  t4  awards  the  two  poles  of  the  elongated  nucleus,  leaving  the  middle 
'ifetf  or  bridged  across  only  by  fine  filaments,  while  at  each  pole  a  new 
icdeus  l^ecomes  formed.  This  is  followed  by  a  constriction  of  the 
prrXfjplam]  iiito  two  equal  parts,  which  are  collected  around  the  two 
acw  nuclei.  The  change  is  accompanied  by  a  radial  arrangement  of 
the  <;rranule8  in  the  protoplasm,  the  lines  of  granules  converging  towards 
li*  new  nuclei.* 

In  some  cases  it  would  seem  that  the  separation  of  the  protoplasm 
maj  n*  ►t  occur  until  some  time  after  the  division  of  the  nucleus  has  been 
C"iLpleted  ;  for  white  corpuscles  are  often  seen  containing  two  or  more 


*  71;e  ch-'tngeft  of  the  nacleus  have  also  been  seen  in  the  white  corpuscles  of  the  Sala- 
asbier  hj  Pereme«chko. 
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nndei,  and  snch  corpnscIeB  have  been  observed  to  separate  into  two  partB, 
each  part  taking  witn  it  a  nnclens  (Klein). 

Action  of  Beaffents.— Water  swells  up  and  destroys  the  protoplasm  of  the 
white  corpoflcles,  setfcmg  free  the  grannies.  If  bat  little  water  be  mixed  with 
the  drop  of  blood,  the  protoplasm  may  not  be  destroyed,  bat  the  oorpnsdes  are 
swollen  oat  (fig.  82, 1),  and  the  grannies  take  on  an  active  Brownian  movement. 
Aoetlo  aoid  caoses  a  grannlar  precipitate  in  the  protoplasm,  the  grannies  collecting 
aroond  the  nncleos,  which  is  brought  very  strongly  into  view  (fig.  32,  2,  3).    A 

Fig.  82. 


® 


Fig.  82.— OOLOURLISS  OORPUSOLBS  TRBATID  WITH  WATIR  AND  WITH  ACSTIC  ACID.    (B.  A.&) 

1,  fint  effect  of  the  action  of  water  upon  a  white  blood-corpuscle ;  2,  3,  white  oorposeles 
treated  with  dilute  acetic  acid  ;  n.  nucleus. 

dear  bleb-like  swelling  is  also  generally  prodnoed  from  one  or  more  sides  of  the 
oorpnscle  :  bat  this  appearance  is  not  peculiar  to  acids,  for  it  is  often  seen  as  an 
aooompaniment  of  the  death  of  the  oorpnscle,  whether  as  the  resoltof  the  action 
of  reagente  or  from  any  cause.  If  produced  by  a  solution  of  iodine,  the  blebs 
sometimes  become  coloured  of  a  faint  port  wine  tint,  a  reaction  which  is  generaUy 
taken  as  an  indication  of  the  presence  of  glycogen. 

In  the  blood  of  the  splenic  vein,  and  also  in  some  other  parte,  cells  have  been 
notioed  resembling  pale  corpuscles  in  their  structure,  but  much  larger,  and 
enclosing  in  their  protoplasm  a  number  of  red  corpuscles,  or  in  some  cases  partiaUy 
disintegrated  portions  of  red  corpuscles.  These  are  supposed  to  be  palo  cells 
which  have  taken  in  some  of  the  red  corpuscles,  a  process  which  appears  to 
ooonr  normally  in  the  spleen  itself. 

OtlMT  microscopie  elmnente  in  blood. — In  the  clear  fluid  which 
Intervenes  between  the  corpuscles,  and  which,  in  a  preparation  which  has 
been  made  a  short  time,  consists  of  senun,  there  can  g^erally  be  detected 
a  network  of  fine  interlacing  filaments  of  fibrin.  There  are  also  to  be 
aeon  minnte  round  colourless  particles  in  this  fluid,  which  become  more 
evident  after  the  preparation  has  been  made  for  some  time,  or  if  the 
blood  has  been  diluted  with  certain  fluids.  Thev  are  known  as  the 
elementary  particles  of  Zimmermann,  and  especial  attention  has  been 
lately  drawn  to  them  by  Hayem,  who  re-descnbes  them  under  the  name 
**  hR3matobla8ts  *'  as  the  source  whence  new  red  corpuscles  are  derived 
(see  Development  of  Blood  Corpuscles).  Besides  these  scattered  elemen- 
tary particles,  granular-looking  masses  (fig.  83),  composed  of  exceedingly 
fine  colourless  particles,  frequentlv  occur  in  a  drop  of  blood  drawn  from 
the  finger,  even  when  it  is  taken  from  a  healthy  person,  but  especially  in 
cachectic  states  of  the  system.  The  particles  are  free  in  the  circulating 
blood,  but  become  massed  together  immediately  that  the  blood  is  drawn 
(Osier).  If  one  of  the  masses  be  observed  for  a  time,  at  the  temperature 
of  the  body,  it  may  sometimes  be  seen  that  the  minute  particles  composing 
it  have  grown  out  into  or  at  least  have  become  connected  with  delicate 
filaments  which  presently  take  on  an  osciUatory  Brownian  movement,  by 
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virtne  of  which  they  eyentnally  break  away  from  the  mass  and  become 
free  in  the  surronnding  Uqnid.  According  to  Banvier  the  filaments  in 
foestion  are  fibrin-filaments. 

Fig.  83. 


Fig.   33. — Graitulak  masr  op   Max  Schultzb,  obsbryso  nr  salt   solution  or  thb 

WARM    8TAQR,    SHOWIHO    THB    GHARQBS    WHICH    IT    UNDRRG0R8    AT    ITS    PRRIPHXRT. 

(Osier). 

If  blood  be  taken  from  an  animal  during  digestion,  especially  of  a 
m^  containing  much  &tty  food,  the  serum  or  plasma  has  a  milky 
aroect.  This  is  due  to  the  presence  of  innumerable  fine  fatty  molecules 
which  have  been  absorbed  from  the  intestines  and  discharged  witii  the 
chyle  into  the  blood. 

THE    IiTMFH    AND    CHYIjE. 

A  tnuQspazent  and  nearly  oolourless  flnid,  named  "  lymph  "  is  conveyed  into  the 
blood  by  a  set  of  vessels  distinct  from  those  of  the  sangoiferoos  system.  These 
Tends,  which  are  named  "  lymphatics,"  from  the  nature  of  their  contents,  and 
**  absorbenta,"  on  acoonnt  of  their  reputed  office,  take  their  rise  in  nearly  aU  parte  of 
the  body,  and,  after  a  longer  or  shorter  course,  discharge  themselves  into  the  great 
veins  of  the  neck ;  the  greater  number  of  them  previously  joining  into  a  main 
tnmk,  named  the  thoracic  dnct, — a  long  narrow  vessel  which  passes  in  front  of 
the  Tertebrse,  and  opens  into  the  veins  on  the  left  side  of  the  neck,  at  the  angle  of 
union  of  the  subclavian  and  internal  jugular ;  whilst  the  remaining  lymphatics 
tenninate  in  the  corresponding  veins  of  the  right  side.  The  absorbents  of  the 
immll  intestine  carry  an  opaque  white  liquid,  named  "  chyle,"  which  they  absorb 
from  the  food  as  it  passes  along  the  alimentary  canal ;  and,  on  account  of  the 
milky  aspect  of  their  contents,  they  have  been  called  the  "  lacteal  vessels."  But 
in  thus  distingoishing  these  vessels  by  name,  it  must  be  remembered  that  they 
differ  from  the  rest  of  the  absorbents  only  in  the  nature  of  the  matter  which  they 
eonvey ;  and  that  this  difference  holds  good  only  while  digestion  is  going  on  ;  for 
at  other  times  the  lacteals  contain  a  clear  fluid,  not  to  be  disting^uished  from 
Ijmph.  The  lacteals  enter  the  commencement  of  the  thoracic  duct,  and  the  chyle 
mingling  with  the  lymph  derived  from  the  lower  part  of  the  body,  is  conveyed 
akng  that  canal  into  the  blood.  Both  lacteals  and  lymphatics,  in  proceeding  to 
their  destination,  pass  into  and  out  of  certain  small,  solid  and  vascular  bodies, 
named  lymphatic  glands,  which  have  a  special  structure  and  internal  arrangement, 
as  will  be  afterwards  described ;  so  that  both  the  chyle  and  lymph  are  sent 
through  these  glands  before  being  mixed  with  the  blood. 

Thus  much  having  been  explained  to  render  intelligible  what  follows,  we  may 
now  consider  the  lymph  and  the  chyle,  which,  as  will  be  seen,  are  intimately 
related  to  the  blood. 

Zympli,  when  examined  with  the  microscope,  is  seen  to  consist  of  a 
clear  liquid  with  corpuscles  floating  in  it.  The  liquid  part — lymph-plasma 
— ^bears  a  strong  resemblance  in  its  physical  and  chemical  constitution  to 
the  plasma  of  ttie  blood.  The  lymph-corpuscles  agree  entirely  in  their 
characters  with  the  j^e  corpuscles  of  the  blood.  They  vary  in  number  in 
lymph  firom  different  parts,  being  more  numerous  in  that  which  has  passed 
through  the  lymphatic  glands  than  in  the  lymph  which  enters  those 
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,^  -;  .>-'  *v:ui^hario  glands  as  an  important  source  of 

^  ^     ^fi:  .  ;:*  :ho  corpuscles  found  in  lymph  are  of  small 

\.,    ,       .>..»..  iiuoiint  01  protoplasm  and  a  relatively  large 

>,  -    -»v-...'.:v.i:  the  lymphoid  cells  of  lymphatic  glan&. 

>«^  -k .  >  V  y  aniODboid  than  those  which  are  larger  and 

.^..-    xv.oe  the  l}Tnph  is  poured  into  the  blood,  the 

V.    ^     -        v  \vki\l  upon  as  constantly  furnishing  a  fresh 

.  >^  v>  ..*  :hat  fluid. 

,c        ^>v>  <-  •^   -^^'*'  '^^'^-''^  merely  of  lymph,  to  which  are  added 

''^  V.    V .    -rxlucts  of  digestion.    These  are  chiefly  particles 

..;.o  oil-globules,  some  of  whicli  are  of  appreciable 

„,i.  -xur.ilvr  are  immeasurably  small.     Like  the  fatty 

.  ^.  .  .'..   "i  '-v.ilt  they  give  the  chyle  a  similar  milky  aspect. 

^uj^  xv^rcioles  were  named  collectively  by  Gulliver  the 

,    «c<     ':*:  ho  chyle. 

>^  ,  N.  ■  V   .  Iv  onlinary  lymph-corpuscles  but  with  a  reddish  tinge, 

^  \^  .  \v;  ra  the  lymph  and  chyle  as  well  as  in  the  blood,  and 

>.^>   ^. .     w».'  Ivon  noticed,  but  these  may  have  got  into  the  lym- 

.v.iijl'j  chrough  a  rupture  of  the  fine  vessels. 


^    ^   «:!«#  wMte  blood-oorpuscles  and  of  the  corpuscles  of  the  lirmph 

*"*',^>r  .».*  V  iJi<*  origin  of  the  lymph  and  chyle  corpuscles,  it  may,  in  the 

s'  .    V  .■om.'T^v^I  that  the  Cfreatly  increased  proportion  of  these  bodies  in  the 

.   ,..'-^^«:i  <ft<a^  f^°^  the  lymphatic  glands,  and  the  vast  store  of  corpuscles 

' . ,    .V   ^Y«s^  oharacters  contained  in  the  interior  recesses  of  these  glands, 

^     *!.,*. »«<«s-mKc  indications  that  the  glands  are  at  least  a  principal  seat  of 

'  ■ '  ..»s*»vv.NNn,    Tliey  arc.  most  probably,  produced  by  divinon  of  parent  cor- 

O'-s   ■«  t"^^^  «xmtained  in  the  glands,  and  in  some  measure  also  by  further 

r'  *j\^   ^.  ,x%-pn«cle8  thus  produced  after  they  have  made  their  way  into  the 

**^   \]v*»i!   x\^«vl*.    The  corpuscles  found  sparingly  both  in  chyle  and  lymph 

'  T^Z  t**«itvf  th<»  mesenteric  glands  may  be  in  part  formed  in  the  lymphatic 

)tLl^  «U*(  with  in  the  alimentary  mucous  membrane  and  other  i)arts  of  the 

yj    vi^  corpuscles  also,  which  have  migrated  from  the  vessels,  may  find 

w  ^"V  ^"^^^  ^^®  beginning  of  the  lymphatics.    In  this  way  the  presence  of 

,^!..Hi«*)€^  in  the  lymph  even  before  it  has  passed  through  the  lymphatic  glands 

C'^*i\v«Ti<^)  for.    Lymph-corpuscles  are  probably  also  produced  in  the  spleen  and 

»K  fV  t\vmus  gland ;  and  it  is  believed  by  some  that  they  may  also  be  formed  by 

t«K*?ifrt«'**^"  of  connective  tissue  corpuscles.    The  corpuscles  of  the  ehyle  and 

riyjL^t  i^i«  carried  into  the  sanguiferous  system  and  become  the  pale  corpuscles 

!?^  bI«>od.  but  some  of  the  latter  may  pass  directly  from  the  lymphatic  glands, 

^4^^^.  and  other  organs  containing  lymphatic  or  lymphoid  tissue  into  the  blood- 

^^V  which  are  supplied  to  those  organs. 

DBVXIiOPMBNT  OF  THB  RSD  BliOOD-OORFUBOIilSa 
Orifrlo  of  the  nucleated  red  blood-corpuscles  of  the  embryo. — ^Thc  first 
M(i  bloo»l -corpuscles  are  formed  very  early  in  embo'onio  life  simultaneously 
with  An*l  ^'^  *^®  interior  of  the  first  blood-vessels.  They  are  developed  in  the 
liioi^Mlerni.  in  a  circular  area  which  surrounds  tlio  jiart  of  the  blasto<ierm  which 
j9  occunif'd  by  the  developing  bcly  of  the  oiiibryo.  The  area  is  known  as  the 
Yftficular  arra.  and  the  firt^t  blooil-vessfls  and  blood -c()ri>U'4clos  are,  therefore, 
formed  outside  the  actual  body  of  tlio  cmbrj-o.  The  process  of  development  is  as 
follows : — 

Those  moso<lfirmic  coUa  in  the  vascular  area  which  are  concerned  with  the  for- 
mation of  vc^=s<rl8  bpcomc  extended  into  pn)cesj*fs  of  varj'ing  length,  wliich  grow 
«at  from  the  ct;ll»  in  two  or  more  directions.  Th<;  c«lls  become  unito<l  with  one 
mother,  either  directly  or  by  the  junction  of  their  pnHiesses.  so  that  an  irregular 
■atwork  of  protoplasmic  nucleated  corpuscles  is  thus  formed  (fig.  34).  Meanwhile 
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the  nnclei  become  xnnltiplied.  and  whilst  the  greater  number  remain  grouped  to- 
g^her  in  the  original  cell-bodies  or  nodes  of  the  network,  some  are  seen  in  the 
oniting  cords.  The  nuclei  which  remain  in  the  centre  of  the  nodes  accumulate, 
each  one  around  itself,  a  small  amount  of  the  cell  protoplasm.  The  corpuscles 
thus  formed  (W)  acquire  a  reddish  colour,  and  the  protoplasmic  network  in  which 
they  lie  becomes  vacuolated  and  hollowed  out  into  a  system  of  branched  canals  en- 
closing fluid,  in  which  the  nucleated  coloured  corpuscles  float.  The  intercom- 
municating canaL)  gradually  become  enlarged  so  as  to  admit  of  the  passage  of  the 

Fig.  34. 


Rg.  34. — Part  of  the  fetwork  op  DRVELOPnra  blood- vrssels  iw  the  vascttiar  area 

OF  THE   0CI5EA-PI0.    (E.  A.  S.) 

W,  blowl-corpufHjles  becoming  free  in  an  enlarged  and  hollowed  out  part  of  the  net- 
work.    The  smaller  figure  on  the  left  represents  a  of  the  larger  figure,  more  highly 
</,  a  nucleus  undergoing  division. 


oorpascles.  The  protoplasm  which  forms  the  wall  of  these  first  vessels  becomes 
differentiated  around  the  nuclei  which  have  remained  embedded  in  it,  so  as  to 
give  rise  to  the  flat  cells  which  compose  the  blood-capillaries. 

As  soon  as  the  heart  is  developed,  or  even  before  this  happens,  the  blood  begins 
to  move  writhin  the  vessels  of  the  vascular  area.  And  when  the  action  of  the  heart 
oomm*-nc3i*.  it  is  driven  also  through  vessels  which  are  formed,  probably  in  a 
similar  manner,  in  the  body  of  the  embryo  itself. 

The  first  formed  red  blood -corpuscles  are  nucleated  cells  resembling  the  pale 
corpu.'scles  except  in  their  colour  and  in  the  clearness  of  their  protoplasm,  and, 
like  the  white  corpuscles,  they  are  capable  of  amoeboid  movement,  and  of  under- 
going multiplication  by  division.  It  is  uncertain  whether,  as  stated  by  Kolliker 
and  others,  any  of  the  primary  red  blood-corpuscles  are  produced  by  direct  trans- 
formation of  individual  cells  of  the  mesoderm,  bat  (whether  by  accef^sion  of  soma 
of  these  last,  by  division,  or  by  a  continuance  of  the  original  mode  of  formation), 
they  increase  considerably  in  number,  and  are  soon  accompanied  by  colourless  cor- 
pa^les.  These  appear  to  be  formed  in  great  number  in  the  embryonic  liver  as 
!«oon  as  this  is  develoi)ed,  as  well  as  in  the  lymphatic  glands,  spleen  and 
thymus  gland.  It  is  generally  supposed  that  the  colourless  corpuscles  acquire 
colour,  and  are  converted  into  nucleated  red  corpuscles,  but  there  is  no  direct 
evidence  in  favour  of  this  view. 

The  primary  nucleated  red  corpuscles  are  at  length  succeeded  by  smaller  disk- 
diaped  red  corpuscles  without  nuclei,  having  all  the  characters  of  the  blood- 
disks  of  the  adult.  This  substitution  proceeds  gradually,  until,  long  before  the 
end  of  intrauterine  life,  the  nvckated  red  corpuscles  have  almost  entirely  vanished 
According  to  Neumann,  some  are  still  to  be  met  with  even  in  the  new-bom  child. 
It  is  uncertain  whether  the  nucleated  red  corpuscles  are  converted  into  non- 
nurlf^fitrfM^  diflkSy  or  if  they  simply  disappear  as  the  red  disks  become  formed. 
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THE  BLOOD. 


OvAnui  gif  Ui«  IMl  Blood-Disks.— 1.  Intraoellnlar  origfin.  The  disk-shaped 
•a\;  vvL|>u«Cit«  -m:^  \*tK\\}xcx\\  in  the  interior  of  mesodermic  or  connective  tusoe 
ivili*  :u  I  he  u>ilu\*  iii^  uuinner : — 

V.  isut  o(  Uio  pi\>Cvt|^aMU  of  the  cell  acquires  a  reddish  tinge  (fig.  35,  h%  and 
a;u  L  .4  MUko  uho  \.vK«urt^l  Habstance  becomes  condensed  in  the  form  of  globules  (A') 
Hibhiu  Uu)    gollH.  v«u:;)*ing  in  size  from  a  minute  speck  to  a  spheroid  of  the 

Fig.  35. 


h" 

® 


K%.  Ht\    I>Ki>iid9riiiirT  or  bed  corpuscles  ik  C05NECTiyE   tissue   cells.     Frox 

TIIH  HUBOVXANEOUS  TISSUE   Or  THE   NEW-BORN   RAT.      (E.  A.  S.) 

\  -b  y'\tll  aoiUiiiing  hnmoglobin  in  a  diffused  iorm  in  tho  protoplasm  ;  AT,  one  contain- 
ing vvlimivil  K^^^buliHi  of  varying  size,  and  vacaoles  ;  h",  a  cell  filled  with  coloured  globules 
^i^  uvxul,\  uiiifurtu  siio  ;  /,  /',  developing  fat  cells. 

vUhiuoU'V  v»f  a  blood-corpuscle,  or  even  larger ;  but  gradually  the  size  becomes  more 
uuiimui  ^tig.  85,  h").  Some  parts  of  the  embryonic  connective  tissue,  especially 
«hiUo  M  vHMiUilur  tinsue,  such  as  the  fat.  is  about  to  be  developed,  are  completely 
!«^tt(UKKt  with  u<*ll8  like  these,  occupied  by  a  number  of  coloured  spheroids  and 
Uumiujif  lu^HtM  of  blood-corpuscles,  or  minute  **  blood-islands."  After  a  time  the 
\\4t>«  Uhhuuu  (ilongated  and  pointed  at  their  ends,  and  processes  grow  out  to  join 
^\Kl\iiigiktituirt  uf  neighbouring  blood-vessels  or  of  similar  cells.  At  the  same  time 
XAK^iuUtM  form  within  them  (fig.  35.  A'),  and  becoming  enlarged  coalesce  to  form 
A  \v«\  ity  tlUtHl  with  fluid,  in  which  the  reddish  globules,  which  are  now  becoming 
sUmIi  HhH)HHl,  float  (fig.  30).  Finally  the  cavity  extends  through  the  cell  processes 
\u|m  UuMi)  of  neiglibouring  cells,  and  a  vascular  net-work  is  produced,  and  this 

becomes   eventually    united   with    pre- 
Fig.  8C.  existing  blood-vessels,  so  that  the  blood- 

corpuscles  which  have  been  formed  within 
the  cells  in  the  manner  described,  get 
into  the  general  circulation  (sec  Develop- 
ment of  Blood-vessels). 

Fig.  36.— Further  development  of  blood- 

CORFVSCLES  IN  CONNECTIVE  TISSUE  CELLS, 
AND  TRANSFORMATION  OF  THE  LATTER  INTO 
CAPILLARY   BLOOD-VESSELS.    (K  A.  S.) 

a.  an  elongated  cell  with  a  cavity  in  its 
protoplasm  occupied  by  fluid  and  by  blood- 
corpuscles  which  arc  still  globular ;  6,  a  hollow 
cell  the  nucleus  of  which  hua  niultiplicil.  The 
new  nuclei  are  arranged  around  the  wall  of 
the  cavity,  the  coq>uscle8  in  whicli  have  now 
Iwoomo  discoid  ;  r,  shows  the  mode  of  union 
of  a  **  h;oniai>oictic"  cell,  which  in  this 
instance  contjiins  only  one  cori»u8cle,  witli 
the  i)rolongation  (W)  of  a  previously  existing 
vcs'icl.  cr,  and  r,  from  the  new-lwm  Hit ; 
bj  from  a  foilal  sheep. 
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This  "  intracellular "  mode  of  development  of  re<l  blood-corpuscles  ceases  in 
-qoft  Knimalw  before  birth,  although  in  those  which,  like  the  rat,  are  bom  very 
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,  it  iMkaj  l»e  continned  for  a  few  days  after  birth,    Snbfieqtiently,  although 
fotmeti  in  the  same  wiiy,blood-corpuscleH  aro  not  produced  within 
it  lieoomee  necesBarjr  to  i»©ek  for  some  other  Eource  of  origin  of  the  red 
■»  bodi  dming  the  remainder  of  the  period  of  growtli,  and  alfso  during 
i  tife,  for  it  n  certain  that  the  hlood-coq^uscles  are  not  exempted  from  the 
czpenditiire  and  fresh  supply  which  affect  all  the  other  tiMues  of 
lb  Mr. 

t  Ot%iii  fronn  white  corpuBcles. — ^The  view  which  long  obtained  most  preva- 
laee,  mid.  was  sapported  bj  the  opinions  of  Hewson^  Wliarton  Junefs,  Kolliker, 
fifBL,  Buik  and  Hoxlej^  and  others,  ia  that  the  red  diska  are  deveIox>c(i  from  the 
vyie  eorposdes,  and  ^e  statementa  of  A.  Schmidt  and  of  Semmer  above  men- 
ia«i  (tee  p,  31).  wonld  seem  to  confirm  this  view.  For  if  corpusclefi  ure  preinent 
k  tta  Mood  which  pr^c^nt  transitional  forms  between  the  white  and  red  cor- 
pHdn,  ii  is  pirobable  tJiat  these  are  white  corpuscles  in  process  of  transformation 
■to  fed.  There  are,  however,  no  other  recorded  observations  of  recent  date  which 
^mw  oonehssiTelj  that  the  red  corpuscles  are  thtia  developed. 

X  la  the  marrow  of  bones,— In  the  peculiar  jmle  cells  of  the  red  marrow  which 
tt  ite  inteciLal  carities  of  many  bones,  and  paHicularly  the  ribi*,  appiarances 
ham  beat  dtmmived  which  justify  the  inference  that  red  blood- corpu^cks  are  hero 
hmmmg  develciiied.  These  appearances^  in  the  ^ape  of  tmumtional  forms 
iiMD.  tte  maiTOW'OellB  and  red  ooipuacleB,  were  long  ago  des^cribed  by  Neumann^ 
mA  Ijr  iW«o«f*ro»  and  hare  been  noticed  also  by  other  obsen^ers.  The  accountti 
s^hwevett oomewhat  different;  for,  according  to  Bijs^^rzero,  the  vwhux  of  the 
■■nw-«eU  beoomes  coloured,  and  with  a  tmall  amount  of  protoplasm  peraiste  as 
lli  viA  diii",  while  Nenmozui  described  the  jmttftpftmn  as  becoming  transformed 
hii  Ibe  fed  eorimiicle  whilst  the  nucleus  diuapj^eju^. 

\  which  I  have  myself  made  on  the  red  marrow  of  the  guinea-pig 
to  fxm&rm  the  view  taken  by  Kcumann,  iu  that  they  have  mode 
;  Iheoolour  of  these  so-called  "  transitiou  -  cells  "  is  not  situated  in  the 
ha±  chiefly  if  not  entirely  resides  in  the  protoplai^m  ;  moreover  the 
oeQa  that  J  have  noticed  have  almost  always  been  distinctly  Bmallei* 
IfeM  Oie  oniituuy  marrowK^ellH,  often  of  irregular  fornix,  and  Bometimcs  api^eur 
»lf  I—Vigiiiiig  divinon  (Sg.  37)«  They  closely  rci^cmble,  in  fact^  the  nucleated  red 
ttMi-eBipBBckB  of  the  embryo,  which  may  certainly  thus  multiply  (by  division)^ 
■4  il  k  oot  altogether  improbable  that  the  c^eils  iu  question  are  de^endante  of 
^makrytmic  red  blood-corpusclcs,  and  not  neceesarily  traneeition'formH  between 
SH9aw.<aeUa  and  the  red  blood-dii^k^i.  By  thiii  opinion  it  is  not  intended  to 
m^  thai  blood-diAka  are  not  eventually  produced  from  the  coloured  cells  here 

•  o  a  «  4"*  I  @  o  Dd  « 

Jfc.  37. — CoUXCatD  BUCLRATEO   CELLS   FBuM   THE  BEI>   SIARROW  OF  THK  OUtNKA-i'IQ, 

(E.  A.  a) 


ha0  recently  given  a  detailed  account  of  the  manner  in  which  such 
Ipidheiioii  of  red  blood -dUks  is  effected  in  tlic  marrow,  as  follows  ;— 

Iha  ■Mfiow-caellgt  which  are  very  like  large  pale  blood-corpuacleB,  but  with  a 
)m  fiBBslar  {irotoplaflm  and  a  larger  more  dib^tinct  nucleus,  acquire  a  reddish 
l^e  bi  ooDeeqaenoe  of  the  formation  of  hufmoglobin  in  the  protoplasm.  Tlie 
iiloBr  beoottiee  gradnally  more  pironounGed,  aud  soon  it  is  found  that  it  iB  conincd 
ttafactoal^  oi  the  protoplasn.  Presently  the  coloured  protoplasm  gradually 
from  the  rest  of  the  cell,  and  forms  a  red  corpuscle  which  is 
,  hut  afterwards  becomes  moulded  in  the  circulation  to  form  a 
diefc.  The  protoplasm  which  is  left  in  connection  with  the  nucleus 
mift  it  le  eoppoted,  grow  again  and  serve  to  form  another  red  corpugcle,  and  so 
tt«  Aia  ncpwlj  formed  corpuscles  passing  meanwhile  into  the  circulation. 

%  mt^  be  added  that  Hindfleisch  1ms  not  actually  observed  the  neparatlon  of 
11a  two  parle  ol  the  corpuscle ;  and  that  the  opinion  he  expresses  that  the  bicoa* 
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cftve  form  la  tlie  result  of  meohanical  impressions  upon  the  cnp-ahapcd  oorpnidGi 
dmifig  ttudr  pofisage  throngli  the  yegscls  will  not  hold  good  for  those  red  disks 
whicll  aiQ  developed  as  such  in  the  intorlor  of  cells  in  the  manacr  deiK^nbed  in 
ptaikgrAph  1,  and  is  therefore  rendered  unnecessary  in  regard  to  other  coses. 

4,  In  the  spleen. — It  has  long  been  believed  that  the  formation  of  red  blood- 
oorpmiclcs  is  carried  on  in  the  spleen  pulp,  but  this  view  hiis  been  in  many 
qoarterR  supplanted  by  the  contrary  one  that  a  destruction  of  red  corpuscles 
xnther  than  a  new  fonnation  may  there  take  place,  in  support  of  which  many 
tMCts  were  brought  forward  by  KoUiker.  The  former  view  haa,  however,  been 
again  brought  into  prondneuce  by  Bizzo;&ero^  who  dceoribes  in  the  spleen  pulp 
after  aevere  loss  of  blood,  nnolcated  red  corpuscles  like  those  in  the  marrow,  and 
further  ftnds  that  there  are  more  ted  as  well  as  white  corpusclea  in  the  blood 
of  the  splenic  vein  thaa  in  that  of  the  corresponding  artery.  The  subject  is  one 
which  nuedis  reinvestigation. 

6,  From  the  corpusclea  of  Zimmcnnann.  —  Hay  em  describes  as  the  precursora 
of  the  red  blood-corpuscles  in  mammals  the  small  colourleee  disks  which  are 
found  floating:  freely  in  the  blood,  and  are  known  aa  the  elementary  particles 
of  Zimmermann.  To  these  he  applies  the  name  *'  hiematoblftsts,"  and  he  main* 
tains  that  they  acfpiire  colour,  and  by  a  gratiual  increase  m  »lm  become  directly 
transformed  into  red  corpusclea  In  tnipport  of  this  view  he  asserts  that  red 
corpmwlcs  which  are  much  smaller  than  tlie  ordinary  ones  are  to  be  almost 
always  met  with  in  blood,  and  that  these  smaller  forms  are  especially  numerous 
in  cases  wher^a  there  has  been  previouiily  a  oonsideiiible  loss  of  blootl,  and  in 
which,  therefore,  it  may  well  be  supposed  that  a  new  formation  of  red  corpuscles 
is  proceeding ;  and  further  that  they  present  every  transition  between  the  cor- 
puacles  of  Zimmennann  and  the  red  di>^ks.*  In  the  frog  Ilayem  deBcriboa  as 
hsQmatoblasts,  spindle-Hhaped  cefls  something  like  the  wliite  corjiusclea,  hut  of  more 
delioite  appeanmce  (like  the  corpufcle  marked  jj  in  fig,  27).  Tliese  become, 
according  to  him,  converted  directly  into  red  coqmpcles,  after  undergoing'  an 
increase  of  size  and  a  change  of  shape,  in  addition  to  the  accession  of  oolouring 
matter.  They  had  been  long  previously  noticed  by  Itccklinghaubeu,  and  regarded 
as  transition  forms  between  the  white  and  red  corpuscles. 

HiatoricaL — The  development  of  blood-corposcles  in  isolated  patches  in  tha 
vaecnlar  area  of  the  chick  was  first  recognised  by  Pander,  who  termed  the  x>atchefl 
"blood-inlands."  Remak,  and  after  him,  His  and  KoUikcr  described  the  first 
vessels  in  the  vascular  area  of  the  chick  as  orig-inating  in  the  form  of  a  Bolid 
cord  of  mesodeimio  ocUs,  arranged  so  as  to  form  a  network  ;  the  peripheral  cells 
of  the  vascular  oordB  beooming  flattened  and  forming  the  epithelium  of  the 
veasels,  whilst  the  centrally  placed  cells  become  directly  converted  into  blootl- 
corpuscles,  acquiring  colour  first  of  all  at  oertain  points — ^the  blood-ielands  of 
Pander — and  fltjid  accumuliiting  betwwn  them  to  form  the  liquor  sanguinis.  His 
statcdf  moreover,  that  the  blood-vessels  within  the  body  of  the  embryo  originate 
AB  iDgrowtlis  from  these  veaaels  of  the  vascular  area,  Strieker  was  the  first  to 
dcseribe  the  formation  of  blood-vessels  by  the  hollowing  out  of  connective  tissue 
cells,  and  Af anasieff  and  Klein  proved  that  the  biood-iahmda  of  Pander  were  cells 
#f  the  mesoderm,  in  tlie  interior  of  which  blood-corpusclea  had  made  their  ap< 
pearanoe,  and  that  the  containing  cells  became  the  first  blood- vessels.  Klein's 
aooount  wa»  confirmed,  and  in  some  particulars  modified  by  Balfour.  The  account 
above  given  of  the  formation  of  vessels  and  blood-corpuscles  in  the  vascular  area 
of  mammals  is  derived  from  original  observations  upon  the  embryo  of  the  guinea- 
pig,  which  have  not  previously  been  published  in  ejstenio.  The  production  of  red 
blood -disks  in  the  interior  of  cetb  of  the  connective  tiasue  was  first  noticed  by  m© 
In  the  subcutaneous  connective  tissue  of  the  new-born  rat,  and  subeequently  in 
the  embryos  of  a  number  of  diflferent  animals,  and  these  observations  have  been 
confirmed  by  Ranvier — who  terms  the  connective  tiisue  cells  concerned  in  the 
pfooen  **  vaaoformative  oella  '* — bb  well  aa  by  Lelxjucq  and  others.    It  ia  probable 

*  A  siianar  acooant  of  the  development  of  the  red  disks  was  given  by  Zimmermana ;  bat 
many  of  the  transiUonid  forma  which  ho  described  were  fed  corpuscles  which  had  bo«li 
^"•^Inorised  Uj  the  action  of  water. 
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that  Tarioos  sppearanoee  which  have  been  deecribed  and  differently  interpreted 
— ^^.,  the  pfrotoplasmio  masses  filled  with  blood-corpuscles  noticed  by  Nenmann  in 
the  embtyonio  Uyer — relate  to  the  same  phenomenon. 

laiteratnre : — For  older  literature,  see  Milne  Edwards,  Logons  sur  la  physiologie  et 
ranatomie  oompur^  £1.     1857. 

On  the  size  and  stractnre  of  the  coloured  blood-corpuscles  : — GuUiver,  Measure- 
ments  of  the  red  blood-corpuscles,  Pr.  of  the  ZooL  Soc.,  1842,  1873,  and  1875. 
Wdeker,  Grosse,  Zahl,  &c,  der  Blutkorperchen,  Zeitschr.  f.  rat.  Med.,  1858, 
and  1863,  and  Jour.  Micr.  Soc.,  1859.  Jlensen,  in  Z.  f.  wiss.  Zool.,  1857  and 
1859.  Additouj  On  the  effects  produced  in  bl.  c  by  sherry  wine.  Proc.  Roy.  Soc., 
1859-60,  and  in  Qu.  J.  Micr.  Sc.,  1861.  Pollock,  in  Qu.  J.  Micr.  ScL,  1859.  RciberU, 
On  peculiar  appearances  of  bl.  c  under  infl.  of  magenta  and  tannin,  Proc  Boy.  Soc., 
1862-63,  and  Quarterly  J.  Micr.  Sc  1863.  RoUeU',  Article  'Blood'  in  Stricker^c 
Histology,  1869,  and  Tarious  papers  in  the  Wiener  Sitzungsb.  1862  and  following  years, 
and  Gras  Unters.  1870.  VinUtii^au,  in  Atti  d.  instit.  Yeneto  VII.,  1862.  Rindfieiaeh, 
Rxperimental-studien  Gber  die  Histologic  des  Blutcs,  1863.  KUhs,  in  Med.  Ocntralbl., 
1863,  and  Virch.  Arch.,  1866.  KiSine,  in  Virch.  Arch.  XXXIV.  t;.  WiUkh,  in 
Eonigsb.  med.  Jahrb.  IIL,  1863.  Beale,  in  Qu.  J.  Micr.  Sc,  1864.  Preyer,  Ue. 
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EPITHELIAIi    TIBSIJB. 

Odneral  xLature  and  situatiom. — It  is  well  known,  that  when  the 
Bkin  IB  bliatered,  a  tliiii,  and  licarly  transparent  membrane,  named  the 
cuticle  or  epidermis,  is  raised  from  its  surface.  In  like  manner  a  trans* 
parent  film  may  be  raised  from  the  lining  membrane  of  the  mouth, 
similar  iu  natiu-e  to  the  epidermis,  althongh  it  has  in  this  situation 
received  the  name  of  "  epithelium  ;  "  and  under  the  laiter  appellation, 
a  coating  of  the  eaoie  kind  exists  on  nearly  all  free  surfeces  aad  mem« 
branes  of  the  body. 

The  followinoj  are  the  most  important  situations  in  which  a  covering 
or  lining  of  epiUbelial  tissue  is  found  :  viz.,  1.  On  the  surface  of  the  skin. 
2*  On  mucoufl  membranes ;    a  class  of  membranes  to  be  aliens ards 
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1,  which  line  those  internal  cavities  and  passages  of  the  body 
ai  exteriorly, — viz.,  the  alimentary  canal,  the  lachrymal,  naaai. 
c,  respiratory,  nrinary,  and  genital  nassages ;  as  wdl  as  the 
a^landolar  recesses  and  dncts  of  glands,  which  open  into  these 
or  upon  the  surface  of  the  skin.  8.  On  the  inner  or  free  surface 
I  membranes,  which  line  the  walls  of  closed  cavities  in  the  chest, 
L,  and  other  parts.  4.  On  the  inner  surface  of  the  heart,  blood- 
nd  lymphatics. 

\j  partB  of  the  connectiye  tissne  the  oelb  of  that  tiasae  are  flattened  out 
Dged  close  together,  edge  to  edge,  in  such  a  manner  as  to  form  a 
je  of  ceUs,  which  so  far  would  oome  under  the  definition  of  the  term 
n.  Bat  the  cells  in  question  exhibit  every  transition  to  the  other 
the  oonnective  tissue,  so  that  the  enumeration  of  them  under  epi- 
foold  create  an  artificial  separation  between  cells  of  the  same  elemen- 
10.  They  may,  however,  be  conveniently  described  as  epithelium- 
ithelioid.  Many  histologists  are  of  opinion  that  a  similar  distinction 
I  made  for  the  epithelium  of  the  serous  membranes  and  of  the  vessels, 
iiese  are  developed  in  the  mesoderm  and  in  oonnectiTe  tissue,  and  it 
lowing  up  of  this  idea  which  has  led  to  the  wide-spread  adoption  of  the 
(cMilly  incorrect  word  **  endothelium  "  to  express  an  epithelium  so  derived.* 
vciy  epithelium  which  originates  in  the  mesoderm  is  to  be  separated, 
be  oompeUed  to  separate  from  the  other  epithelial  tissues,  with  which 
in  every  way  closely  allied,  the  epithelia  of  the  renal,  and  of  the 
s  organs,  since  these  are  derived  from  a  part  of  the  nme  layer  of 
irei  origin  to  the  epithelium  of  the  serous  membranes.  And  hideed, 
108  been  shown  in  more  than  one  instance  amongst  invertebrates,  and 
■tebrate  (Amphloxus),  that  the  epithelium  of  the  serous  cavitieB,  and 
it  of  the  vascular  i^ystem,  is  directly  derived  from  an  undoubtedly 
.  layer — namely,  the  entoderm — it  is  not  improbable  that  this  may  be  the 
md  typical  mode  of  origin  of  the  so-caUed  endothelia,  although  it  may 
ime  obscured  in  the  more  complicated  course  of  development  of  higher 
Hk  And  if  this  is  the  case,  there  is  still  less  reason  to  regard  **  endo- 
'  M  a  distinct  variety  of  tissue,  and  to  separate  it  from  the  epithelial 
itli  which  it  has  so  long  been  classed. 

store  of  Epithelial  Tissue  in  general — Ever^  epithelial 
;  formed  entirely  of  cells  united  together  by  cohesive  matter, 
I  often  in  too  small  quantity  to  be  apparent.  The  layer  or  lasers 
med  take  the  shape  of  the  sur&ce  to  which  they  are  applied, 
g  accurately  all  its  eminences  and  depressions.  No  blood-vessels 
e  into  epithelial  tissue,  although  in  some  cases  minute  channels 
st  between  the  cells  into  which  the  plasma  of  the  blood  derived 
8  blood-vessels  of  the  subjacent  connective  tissue  may  pass  for 
itdon  of  the  epithelium  cells. 

s  are  abundant  in  many  epithelia,  the  nervous  fibrils  passing  in 
I  of  fine  varicose  filaments  among  the  epithelium  cells. 

term  "epithelia/*  Trliich  has  passed  into  ''epithelium,*'  was  introdaced  by 
»  designate  the  cnticular  covering  on  the  red  part  of  the  lips.  The  word 
lis  "  he  considered  inappropriate,  as  the  subjacent  surface  is  not  skin  {derma) ; 
IS  beset  with  papillae,  he  named  the  covering  layer  ''epi-thelia,"  from  tin  and 
lipple  or.  papilla.  The  use  of  the  term  has,  by  a  not  unusual  license,  been 
80  as  to  simplify  the  same  kind  of  coating  when  it  spreads. over  non-papillaz^ 
The  word  "endothelium,"  recently  applied  by  some  Qerman  writers  to 
h  what  has  heretofore  been  spoken  of  as  the  epithelium  lining  the  serous 
m,  and  the  inner  surface  of  blood-vessels  and  lymphatics,  appears  to  me  a 
miOTation,  and,  considering  the  literal  meaning  of  the  word,  not  a  happy  one. — 
Ifc  Shaipey. 
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In  certain  eitnations  branched  connective  tiBsue  cells  whicli  may 
contain  pigment  lie  in  the  intercclhilar  substance,  whilst  "  migratory 
cells"  are  of  frequent  wcurrenee  iK'tween  tlio  cells  of  an  epithelium. 

Epithelium  cells  vary  in  Binicttire  as  well  aa  in  Bliape,  and  some  of 
these  differences  will  I>c  mentioned  in  speaking  of  the  varieties  of  epi- 
thelium. The  nucleus  varies,  however,  far  less  than  the  rest  of  the  cell : 
in  most  cfiscH  it  lias  an  intranuclear  network  and  one  or  more  nucleoli. 
In  the  division  of  epithelium  cells,  it  undergoes  the  changes  which  have 
aireajdy  been  descriknl 

According  to  Kleii/s  observations  the  protoplasm  of  all  kinds  of 
epithelium-cells  is  a  fine  reticulum,  and  this  reticulum  is  in  coutiniuty 
with  the  intra-nuclcar  network.  This  is  illustrated  in  the  four  cells 
shown  in  the  accompanying  figure  (fig.  38 J. 

Fig.  38 


Fig.  38. — Structuius  or  i>tFF&niiiT  mptTHxiicM  cevls  AcconDino  to  Klbin. 

1,  ail  orrUimry  epltJielitiiii  cell ;    2,  a  ciliated  cell ;   3,  a,  columnar  cdl ;    i,  a  mucotUi 
♦*goUct**c«lL 


Classtficatioii  of  BpitJieUa.. — The  varieties  of  epithelium  may  be 
classified  in  various  wa}8,  but  none  |icrhaps  are  altogether  satisfactory. 
Thus  we  may  disthiguish  an  epithelium  according  to  its  origin,  as 
ect<jdermiu,  mesodermic,  or  entodermic,  and  this  distinction  is  i>artially 
indicated  when  a  se^iarate  term  (endothelium)  is  used  to  denote  meso- 
derm ic  epithelium.  Or  again,  the  cpithelia  may  be  classed  according  to 
tbeir  function,  and  in  this  way  we  distingiiiBh  between  the  protective, 
the  secreting,  the  ciliated,  and  the  sense  epithelia.  But  without  failing 
to  recognize  that  these  modes  of  classification  have  a  certain  amount  of 
importance,  it  will  l>e  most  convenient  here  to  follow  the  prevalent 
custom,  and  to  chissily  the  varieties  of  epitheh'um  cells  according  to 
their  shape  and  arrangement. 

In  the  first  place  we  may  distinguish  an  epithelium  which  is  composed 
of  only  a  single  layer  of  cells  as  a  simple  epithelium  in  contra-distinction 
to  a  strattjmi  epithelium,  m  which  the  layers  of  cells  are  numerous. 
"V\TierCp  on  the  other  hand,  the  cells  arc  in  more  than  a  single  layer,  bnt 
the  two  or  three  layers  dove-tail  the  one  into  tlie  other,  so  that  the 
stmctore  is  not  distinctly  stratified,  the  term  frarmfwnat  may  be 
employed;  since  this  kind  of  arrange ment  is  often  found  in  places 
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ne  a  simple  epithelium  passes  gradually  into  one  of  the  stratified 
5ty. 

impleEpithelia. — I.  Pavement.  Amongst  Fig.  89. 

simple  epithelia  the  most  common  variety 
le  ie^elated  or  pavement,  or  as  it  is  some- 
8  named,  the  simple  scaly  epithelium.  In 
the  cells  form  polygonal  plates  or  scales, 

S9. — Pavbxkht  epithelium   from  a  serous  hex- 
ASS  (peritovbum)  ;  maonified  410  diameters. 

a,  ceU-bodj ;  6,  nncleus  ;  c,  nncleoli  (Henle). 

;h  fit  together  by  their  edges  like  the  tiles 

mosaic  pavement.    The  Unes  oi  junction 

le  oells  may  be  straight,  or  they  may  be  more 

■s  jagged  or  sinuous.     The  mesodermic 

such  as  the  epithelium  of  serous  membranes  and  of  the 

5,  for  the  most  part,  to  this  variety,  but  it  includes  also 

ilmn  lining  the  alveoli  of  the  lungs  which  is  of  entodermic 

that  covering  the  outer  surface  of  the  membrana  tympani,  and 

the  mammary  ducts,  both  of  which  are  ectodermic. 

A  second  variety  of  simple  epithelium  is  the  columnar^ 

"  epithelium,  in  which  the  cells  have  a  prismatic  figure,  and  are 

1  on  the  surface  which  they  cover.    In  profile  a  row  of  these 

for  the  most  part  like  a  close  palisade  (fig.  41) ;  but  viewed 


Pig.  41. 


■^^^ 


^  40. — Columnar  epithelium  cells  of  the  rabbit's  intestine  (R  A.  S.). 
e  cells  have  been  isolated  after  maceration  in  very  weak  chromic  acid.  They 
Diieh  Tacuolated,  and  one  of  them  (2)  has  a  fat-globule  near  its  attached  end  ;  the 
yod.  border  {str. )  is  well  seen,  and  the  bright  disk  separating  this  from  the  cell-proto- 
I  ;  ft,  nucleus  with  intranuclear  network  ;  a,  a  thinned  out  wing-like  projection  of 
ell  which  probably  fitted  between  two  adjacent  cells. 

Pig.  41. — A  ROW  of  columnar  cells  frum  an  intestinal  villus  of  the 

rabbit  (E.  a.  S.). 
;  striated  borler ;  rr,  smaller  celbj  between  the  epithelium  cells,  probably  of  the 
?e  of  pale  blood-  or  lyraph-corpuscles. 

i  the  Burfac<j  each  cell  has  a  polygonal  outline,  the  cells  being 
en«i  where  they  touch,  from  mutual  compression,  so  that  thus 
n  a  mosaic  pattern  is  produced.  Columnar  epithehum  cells  vary 
h  in  form,  in  dimensions,  and  even  in  structure.  Those  which  may 
ooked  upon  as  t)7)ical  are  of  a  long  tapering  figure,  the  finer  ex- 
Jty  being  set  upon  a  surface,  and  the  other  and  larger  end  being 
.    At  their  sides  and  edges  the  columnar  cells  are  often  irregular 
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In  certain  situations  branched  connective  tissue  celto' 
contain  pif^ment  lie  iu  tlie  jutercellular  BuLstance,  wliiLst 
cells"  fuitj  of  frequent  occmtcucc  between  the  cells  of  an  e])« 

Epithelium  cells  vary  in  stnicturc  as  well  as  in  shajw 
these  differences  will  be  inentioned  in  speaking  of  the  \ 
thelium.    The  nucleus  varies,  however,  far  leas  than  the 
in  most  cases  it  has  an  intranuckiu'  network  and  one 
hi  the  division  of  epithelium  ccUb,  it  undergoes  the  ch 
already  lx\^n  dcBeriljed. 

According  U)  Kleiu'^'s  observations  the  protoplsF 
epithelium-cells  is  a  fine  reticulum,  unci  this  reticiili 
with  the  iutra-uuclcjir  network.     This  is  illuatml' 
shown  in  the  accompanying  fignre  (fig.  38). 


Fig.  38 


Fig«  38. — ST&ncTnfti  or  rnvrimiVT  Kr 


1,  an  ortUnar;  opitholium  oeU ;    2|  a  cl 


,  iiH  weQl 

limcntB   bolb 

ell  and  radiuiiiij 

mocUAHSoiLtomliig  tsi 


Classificatiou  of  Spitkelin 

clasgified  in  various  ways,  Inu 
Thus  we  may  distinguish  en 
ectodermic,  mosodermic,  or  * 
indicated  when  a  eei^rBte  t- 
dermic  epithelinm.     Or  a^i» 
their  function,  and  in  tl 
the  secreting,  the  ciliatji:^«l 
to  rec^ognize  that  these  ]  j 
importance,  it  will  ^^ 
cttstom,  and  to  chi^^- 
their  shape  and  arrar 
In  the  first  plac*:;  •' 
of  only  a  single  1  ^* 

to  a  straUjmi  f0^ 

WTicre,  on  the  <  -^^ 

the  two  or  thr-  ^  ^ 

stnieture  is  no« 
employed;  siiio 


uoiotlier  pccnliarity.    Thi 
in  being  mnch  more  highly 
I  border  fif  the  cell  (figs.  M 
.  okr  bjo',  and  it  is  thereby 
^  Bftmni  from  the  oeU-proto 
Sat  %  gr»te  refiistance  to  tb 
1^  Ife  proioplagDi  of  the  cd 
larii^  brai  hardened  by  it 
il  of  ^  crIL  and  since  thi 
^M  adhere  together,  a  co^ 
by  fine  lines  indi 
vUdb'this  "cuticula^ 
cither  represent  minuti 
'  and  Fonke,  or  the; 
or  oottsmna  Dompoeiiii 
I  well  as  by  Henle.    h 
I  ^  tti^^ftd  cotioola  is  not  immo 
.^^■1  of  Ar  edL  but  is  separated  &oii 
I  a  ■■■  vkidi  ivftarta  the  light  evei 
I  m  fig.  40)  corregpond 
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ii  litaation  to  the  bright  border  of  the  ciliated  epithelium  cells  (see 
hebwX  snd  it  is  poBBiUe  that  the  striated  border  is  the  morpholorickl 
BHiTileiit  of  the  bunch  of  cilia  upon  those  cells.  Colnnmar  epitheuom 
tm  are  met  with  in  their  most  characteristic  form  lining  the  mucous 
■enbnne  of  the  intestines. 

Some  oolmnnar  epithelium  cells  are  very  long,  others  very  short, 
M  M  to  look  cnbi(4l  when  seen  in  profile.    They  vary 
m  fann,  moreover,  aooordiug  to  the  diape  of  the  surface       ^^* 
ihidi  they  cover,  thus  they  may  be  larger  at  the  base  than 
ifctte  free  end,  as  when  they  line  a  tube  or  duct,  and  in  a 
[  of  thifi  they  then  appear  wedge-shaped. 


Fig.  46. 


H  tt.— -SniATXD  BprrHSumf  gill,  tbox  thb  duot  of  a  bauyary 

QLAVD   (&  A.  S.).       HIOHLT  XAQVIFUD. 

^»  gnniilar  proiopksm  ;  i^r,  Btriated  piotoplasm ;  n,  nucleus. 

Some  epithelium  cells,  which  must  be  reckoned  in  with  this  variety, 
km  a  pecaUar  striated  aspect  in  the  basal  or  fixed  half  of  the  cell 
9c.4S,  »/r.).  This  is  the  case  with  the  cells  which  line  the  smaller 
n  of  the  salivanr  glands  and  some  of  the  tubules  of  the  kidney. 

hdie  human  subject,  columnar  epithelium  is  chiefly  but  by  no  means 
sfaBTely  derived  ft'om  the  entoderm. 

I  Sfiheroidal  or  glandular  Epithelium. — The  cells  composing  a  simple 
yhetinm,  are  in  some  cases  solid  and  rounded  or  polyhedral  in  diape, 
ncae  dimension  especially  predominating.    This  variety  of  epithelium 
ii  aimed  spheroidaJy  or  since  it  is  chiefly  characteristic 
ft  the  terminal  recesses  or  alveoli  of  secreting  glands.         Fig.  44. 

1^.  41— TkaSSTEIISB    8KCTI0V    OP    TWO    OLARDS    OP    THB    STOMACH 
■LVU9      THV       OTOIDAL      AlTD      POLYHEDRAL      SSCRETINO      CELLS 

(Hnritnhain). 

it  11  often  known  as  glandular.  The  protoplasm 
«fU«r  cells  is  generally  occupied  by  the  materials  which 
tk  gUnd  secretes. 

\ii.—7BVn    POLYHEDRAL    EPITHELIUM    CELLS   FROM   THE   LIVER 

OF  THE  oni5EA-Piu  (Klein). 
Tlie  protopUsm  of  the  cells  has  a  reticular  aspect. 

4  Ciliated  Epithelium. — Lastly  the  cells  of  a  simple  epithelium  may 
baroQ  their  basal  or  fi'ee  ends  spontaneously  moving  filaments  named 
flit   In  the  human  subject  the  ciliated  epithe- 
fam  ij  not  always  perfectly  simple,  for  there  ^*^-  '*^- 

Hf,     i<.  — CoLirXFAR    aLIATED    EPITHELIUM    CELLS    FROM 
ID       BCMAS        JIASAL      MEMBRANE  ;       MAQRIFISD       800 

KAJonMs  (Sharpej). 

«t  often  other  non-ciliated  cells  placed  between 

thit  atta^:hed  ends  of  those  which  bear  the  cilia. 

Tbt  ciliat^L-d  epithelium  will  be  best  considered 

II  ft  whr)le   after   the  remaining  varieties  of  epithelium  have  been 

touched  upon. 


EFrrHELTITH. 

Stratified  SpitheliimL. — In  a  stratified  epithelium  tlie  cells,  08  we 
have  seen,  iiie  liisposed  in  a  nuiober  of  layers,  and  it  is  conimouly  found 
that  the  c<2lls  of  these  various  layers  exhibit  every  variety  of  shape.    As 


Plg.47- 


Fig»  47, — SionoH  of  the  8TnATtriEi>  elitheufm  covEsma  th«  proht  or  thi 

CUUHJtA   ur    Illg    EYJj.       llloHLY    MAQ^^SiFlKD.       {E,  A.  R ) 

e,  lowermost  columnar  colts ;  p,  jMilygou/il  cells  above  Ihefle  ;  /,  flattened  celk  near 
the  Burfaee,  The  mtcrcellulftr  chuuriLls,  bridged  by  minute  proeemci  of  the  tjell,  ure  will 
■MD.     The  lower  ijort  of  the  acctioM  on  the  right  in  tsomowhat  broken. 


a  nilo  the  cclk  of  the  deepest  or  attached  layer  arc  eoliimuar  (fig.  47,  e\ 
and  tlie  siiperfidal  cells  are  flattened  scales  (fi^.  47;.//)  vvhicli  umy  be  oi 
confiidendjle  size,  but  wliich  do  niiL,  Uke  the  cells  of  imvemeiit  or'nimple 

8caly  epithelium,  lit  tr»^'cMiLr  by  tfieir 
edgc'8»  but,  on  the  cniitrary,  ovcihip  tine 
another  (tig.  48).      The  cells  of  the 


$ 


Fi-.  48. 


Fig,  48. — Epithelium-scalkk  vnou  tirn  istrDi 
(Hcalc). 

layers  immediately  external  to  the 
columnar  layer  are  r<>iui<led  in  ehape^ 
or  at  least  only  go  far  modified  as 
fco  enable  them  to  fit  to  the  c:»luninar  cells  and  to  Miie  another  (fig, 
47,  p)  I  but  m  we  trace  the  strata  towards  the  sorfiK^,  we  find  the 
comix>nenfc  cells  liecomiiig  more  flattened  and  larp:er,  whil8t  at  the  same 
time  iinderpoiuf^  a  ch!iijjii;e  m  their  chemical  constitutiiiu,  m  that  at  tii-gt 
the  external  part,  and  afterwards  the  whole  of  the  pn>topla8m  of  the 
cell,  is  converted  into  horny  substance,  even  the  nucleus  hein^  at  last 
involved. 

The  deeper  protoplasmic  cells  of  a  stratified  epithelium  arc  continually 
multiplying^  by  cell -division,  and,  as  the  new^  cells  which  are  thus  pro- 
duced in  tlie  deeper  jmrts  increase  in  size,  thoy  comj^rt^ss  and  push  out- 
wards those  previously  ffirmed.  In  this  way  ccUb  whirb  were  at  first 
deeply  seated,  become  trnidually  shilled  towards  the  surface,  u rider •.'•►iny^ 
meanwhile  the  chemica!  chau^^c  above  siMfkcu  nf.  The  older  sufwrfit  ial 
cells  are  continually  iK-inL^  removed  by  attrition  and  abrasion,  while 
others  rise  up  Uy  supjily  their  place* 

The  deeper  layers  of  a  stratified  tpiLhelium  are  not  closely  applied  to 
one  another  by  their  edges,  but  there  exists  a  system  of  mtercellular 
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channelB,  which  are  bridged  acrosB  by  Bpikes  and  ridges,  which  project 
from  the  sorfiiceg  of  the  cells  and  abnt  against  the  corresponding  spikes 

Pig.    49.— Two   «<PRI0KLB-OILL8*'  FBOK  Fig.    49. 

TBE   I>«KPKS   PAST  OP  THK  BPIBBRMI8 

(BaiiTier). 
df  spsce  aitmnd  the  nncleas,  probably 
canaed  by  ahimking  of  the  latter. 

and  ndges  on  the  surfaces  of  the 

adjoining   cells   (see   fig.    47). 

When  the  cells  are  isol^^,  the  spikes  and  ridges  can  be  better  seen 

(fig.  49)y  especially  if  the  intercellular  channels  have  become  widened  in 

consequence  of  an  excess  of  fluid  accumulating  in  them,  as  may  happen 

under  certain  patholo^cal  conditions. 

The  ipikes  and  ndges  upon  the  deeper  oells  of  a  stratified  epitheUmn  were  first 
BoCioed  by  Max  Schidtae,  who  was  of  opinion  that  they  were  for  the  purpose  of 
effeetmsr*  by  indenting  with  those  on  adjoining  ceUs,  a  firmer  connexion  between 
tlie  cells  of  the  eplthelinm.  The  tme  relations  of  the  stroctnres  in  question,  and 
the  interoellnlar  channels  which  are  bridged  across  by  them,  were  discovered  by 
«■■■— IP  The  researches  of  J.  Arnold  and  of  Thoma  have  shown  that  similar 
^J^^'^^**  oocor  extensiyely  in  aU  yarieties  of  epithelium. 

Stratified  scaly  epithelium  occurs  in  one  of  its  simplest  and  most 
tjpksal  farms  covering  the  anterior  sur&oe  of  the  cornea  of  the  eye  (fig. 
47).  It  is  found  also  lining  the  mouth,  the  chief  part  of  the  pharynx, 
and  the  cesophaguSy  and  in  the  female  it  hues  the  vagina  and  part  of 
the  oenrix  uteri,  but  its  most  eztensiye  distribution  is  oyer  the  surface 
of  the  skin,  where  it  forms  the  epidermis.  In  many  parts  of  this  the 
layers  become  very  numerous,  and  their  arrangement  somewhat  com- 
plicated, as  will  be  noticed  in  the  description  of  the  skin.  It  may  be 
remarked  that,  in  most  of  the  situations  where  it  is  found,  stratified 
icaly  epithelium  is  of  ectodermic  origin. 

Trmaudfkmal  Bpitheliuin, — Epithelium  to  which  the  term  trans- 
■ftional  may  be  appUed,  as  being  in  a  sense  intermediate  between  those 
fbnna  which  consist  of  but  a  single  layer  of  cells  and  the  stratified  which 
we  have  jnst  described,  may  be  dassed  under  the  three  heads  of  columnar, 
cfliatod,  and  scaly  transitional,  according  to  the  kind  of  cell  in  each 
vhidi  happens  to  be  most  prominent  or  superficial.  The  columnar  and 
ciliated  transitional  epithelia  differ,  however,  so  very  slightly  from  the 
oone^K>nding  simjde  epitheha — ^viz.,  merely  in  the  presence  between  the 
fixed  ends  of  the  columnar  and  ciliated  cells  of  smaller  and  probably 
younger  epithelium  cells  irr^ularly  disposed — that  they  do  not  seem  to 
merit  any  special  description.  But  the  scaly  transitional  epithelium 
which  is  met  with  lining  the  nrinanr  bladder  and  ureters  presents 
sevenil  peculiarities.  It  consists  of  three  or  four  layers  of  cells,  of 
which  the  inner  or  most  superficial  are  large  flattened  scales  when 
examined  trom  the  distended  bladder  (fig.  51,  a) ;  almost  cubical  in 
shape  when  taken  firom  the  collapsed  organ  ;  smooth  oyer  their  free 
nnface,  bat  pitted  on  the  opposite  side,  being  moulded  over  the  rounded 
ends  of  the  ceDs  which  form  the  next  layer.  These  are  pyriform,  and 
the  smaller  end  of  the  pear  is  set  upon  the  subjacent  connective  tissue, 
whilst  the  la^er  end  has  the  position  just  mentioned  (fig.  51,  ^,  c). 
Riling  up  the  intervals  between  these  tapering  ceUs  are  the  smaller 
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irregulai  cells  of  the  thirrl  layer.  All  tlicsc  Qe\h  have  distinct  nuclei, 
and  in  the  fiafcteneil  Buj^crficial  cells  two  nuclei  may  often  he  gecii  in  the 
cell.    If  thm,  as  pruhably  is  the  case,  is  an  indication  that  the  cdl  is 


Fig,  50. 


Fin.  r>i. 


Fig.  50.'-^B€TTOV  0?  turn  mMTnuLiAt  tii^two  OF  TWK  FRiETitR ;  If  AN  (KdUikcr). 
a,  Btiperficial  j  h,  intenDediate  ;  arid  f,  deep  layer  of  colli. 

Fig.   51. — EPintKUjLL  cells  FHOM   THS    BLilD^ER   OF  1i\%   fUBBtT.       HlfiilTLT    ltA(]>lFnni. 

(Klein.) 

a^  Urge  1lattcn«?d  cell  from  tlio  inperficial  layer,  with  two  nuelci,  and  witli  strongly 
marked  ridges  and  intorrcnlng  dcprentoos  on  its  Under  aiirfnco  ;  b,  pyrif<^rui  c«11j$  of  thti 
second  liiyor  ;  e,  pear  ahai^ed  cell  of  the  «econd  layer  showing  tli<3  manner  in  which  it  is 
adnpie<l  to  a  deprcaaion  on  the  8uix.'rficiaJ  ocU. 

about  to  divide,  the  mode  of  growth  of  this  kind  of  cpithelinm  mnst  oe 
diffcTent  from  that  of  the  stratified  scaly  variety,  in  which  the  miilti- 
pliealion  of  the  cxjIIs  ap[K?ars  to  take  place  cxcluBively  in  the  dccpfir 
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r  layers. 

Hp  In  this  form  of  epitheiinm,  the  cells  which  are  j^nerally  colnmnar, 

^^  bear  at  their  free  extremities  little  hair-like  jirocesses,  which  are  Rotated 

I  incessantly  durinf]j  life,  and  for  some  time  afler  syBtemic  death,  with  a 

I  lashings  or  vihratiu^  motion.     These  minute  and  dtlicate  moving  orphans 

I  are  named  riim.     They  exist  very  extensively  throughout  the  animal 

I  kingdom ;  and  the  movements  which  they  produce  are  suhsenieut  to  very 

^^  varied  purposes  in  the  animal  economy. 

^B  Distiibtition   and  use. — In  the  htrmnii   body  ciliated   e]>it]ie1iiim 

^^  occurs  in  the  fulluwing  parte,  viz: — 1.  On  the  m neons  memhi^ane  of  the 

r  air  passages  and  its  proh>ngations.     It  commences  at  a  little  diJ^tanee 

^H  within  the  nostrils,  covers  the  membrane  of  the  nose  (except  the  proper 
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the  nasal  dncc  and  lachiymal  sac.  From  the  nose  it  spreads  backwards 
a  certain  way  on  the  upper  surface  of  the  soft  palate,  and  over  the  upper 
or  nasal  region  of  the  pharynx ;  thence  along  the  Eustachian  tube  and 
lining  membrane  of  the  tympanum,  of  which  it  covers  the  greater  part. 
The  lower  part  of  the  pharynx  is  covered  by  scal^  epithelium  as  already 
mentioned ;  but  the  ciliated  epithelium  begins  agam  m  the  larynx  a  little 
above  the  glottis,  and  continues  throughout  the  trachea  and  the  bronchial 
tubes  in  t^  longs  to  their  smallest  ramifications.  Over  the  vocal  cords, 
however,  the  epithelium  is  of  the  stratified  scaly  variety.  2.  On  the 
mnoooa  lining  and  in  the  glands  of  the  uterus,  commencing  at  the 
middle  of  the  cervix  and  extending  along  the  Fallopian  tubes,  even  to 
the  peritoneal  sor&oe  of  the  latter  at  their  fimbriated  extremities.  3. 
UniDg  the  vasa  effereniiaj  cmi  vasculosi,  and  first  part  of  the  excretory 
doct  of  the  testicle.  4.  To  some  extent  on  the  panetes  of  the  ventricles 
of  die  brain,  and  throughout  the  central  canal  or  the  spinal  cord.  5.  In 
the  excret<»7  ducts  of  certain  small  racemose  glands  of  various  parts 
(tongue,  pbaoynx,  &c.).  6.  In  the  embryo,  lining  the  oesophagus  and 
parts  of  the  stomach  and  extending  also  over  the  whole  of  the  pharynx. 

In  other  mammiferous  animals,  as  far  as  examined,  cilia  have  been 
found  in  nearly  the  same  parts.*  To  see  them  in  motion,  a  portion  of 
qntbdinm  may  be  scraped  off  from  any  ciliated  mucous  membrane  and 
examined  in  a  drop  of  weak  solution  of  salt  (75  per  cent.)  or  serum  of 
blood.  When  it  is  now  viewed  with  a  magnifying  power  of  200  diameters 
or  upwards,  a  very  obvious  agitation  will  be  perceived  at  the  edge  of  the 
detached  piece  of  epithelium ;  this  appearance  is  caused  by  the  moving 
cOia,  with  which  the  surface  of  the  membrane  is  covered.  Being  set 
dose  together,  and  moving  simultaneously  or  in  quick  succession,  the 
dHa,  when  in  brisk  action,  give  rise  to  the  appearance  of  a  bright  trans- 
parent fringe  along  the  margin  of  the  membrane,  agitated  by  such  a 
rapid  and  incessant  motion,  that  the  single  threads  which  compose  it 
cannot  be  perceived.  The  motion  here  meant,  is  that  of  the  cilia  them- 
selves ;  bat  ther  also  set  in  motion  the  adjoining  fluid,  driving  it  along 
the  cihated  snrrace,  as  is  indicated  by  the  agitation  of  any  Uttle  particles 
that  may  accidentally  float  in  it.  The  fiact  of  the  convevance  of  fluids 
and  other  matters  along  the  ciliated  surface,  as  well  as  the  direction  in 
which  they  are  impeUed,  may  also  be  made  manifest  by  immersing  the 
membrane  in  fluid,  and  dropping  on  it  some  finely-pulverised  substance 
(sodi  as  charcoal  in  fine  powder),  which  will  be  slowly  but  steadily  carried 
along  in  a  constant  and  determinate  direction ;  and  this  may  be  seen 
with  the  naked  eye,  or  with  the  aid  of  a  lens  of  low  power.    (Sharpey.) 

The  ciliary  motion  of  the  human  mucous  membrane  is  well  seen 
on  the  sorface  of  recently-extracted  nasal  polypi ;  and  single  ciliated  par- 
tideSy  with  their  cilia  stiU  in  motion,  are  sometimes  separated  accidentally 
fitm  mncons  snrfiM^es  in  the  Uving  body,  and  may  be  discovered  in 
the  discharged  mucus ;  or  they  may  even  be  purposely  detached  by 
gentle  aiteasion. 

Cilia  have  been  shown  to  exist  in  ahnost  every  class  of  animals,  from 
the  highest  to  the  lowest.t    The  immediate  purpose  which  they  serve  is, 

*  fSliA  h^re  ako  been  teen  in  some  mmniiMilii  at  the  commencement  of  the  tabolee  of 
the  kidnej  (KleinX  a  stnatkni  where  in  lower  Textebrates  they  haye  long  been  known  to 


t  The  GnuteeeA  etfer  a  iingqlar  exception,  and  it  is  remarkable  that  in  moet  of  them 
the  iperatttosoa  are  ako  defeid  of  a  Tibntile  filament 
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to  impel  matter,  genemUy  more  or  less  fluid,  aloni^  the  surfaces  on  which 
tliej  are  attaclied  ;  or,  to  propel  through  a  liquid  medium  the  cihutai 
bodies  of  miuute  animals,  or  other  Bmall  objects  which  are  provided 
with  cilia ;  as  is  the  case  with  many  iufusorial  animalcules^  in 
wliich  the  cilia  serve  as  organs  of  locomotion  like  the  fins  of  larj^ 
aouatie  animals.  In  many  of  the  lower  trilKS  of  arpmtie  animaK  the 
cilia  acquire  a  high  degree  of  importance  :  producing  the  flow  of  water 
over  the  surface  of  tlieir  organs  of  respiration,  indispensiiblc  t<j  the 
exercise  of  that  function  ;  enabling  the  animals  to  seize  their  prey*  or 
swallow  their  food,  and  i>crformiug  various  other  offices  of  grc  atcr  or  less 
importance  in  their  ec<momy.  In  man  and  the  warm-iiluodeti  animaU, 
their  use  is  apparently  to  impel  secreted  fluids  or  other  matters  ah  nig  the 
ciliated  surface,  as,  for  example,  the  mucus  of  the  windpipe  and  nasal 
sinuses,  which  they  cany  towards  the  outlet  of  these  canities. 

Structure. — The  cells  of  tlie  ciliated  epithelium  (fig.  52)  contain 
oval  nuclei,  exliibiting  for  the  most  part  a  distinct  intra-nuclear  netwoi^ 

Fig.  53. 


Fig.  52. 


Fig,   52.  — A   CIL1ATK1>   IPITHHtlUM-CKLt    FROM   THE   TBACHKA  flK  THB    RABBIT, 
I?OLATEI>   iH   VERr  WEAK    CHtlOMlC   ACID  ;   UtOHtT   MAGXIMSD  (E.  A.  S.). 

p,  p,  protoplrism  ^f  the  rxAl,  filled  with  ulear  Taciioles  ;  n,  nueleue,  showing  nuclear 
mombrftuc,  nucleoplasinic  network*  and  niicleolna  ;  c*  fringe  of  cllift  j  A,  bright  bordcj:  of  the 
cell  through  which  the  ciii&  pft^e  ;  /,  fijced  end  of  the  celJ. 

Fig.  53, — CiLLlTBD  BPTTBXLHTM   CBLLS   FROM   TMB   TRACHEA   OF   THE   CAT    (KIoIh}. 

The  fixed  ends  of  the  ceUs  are  irregulnrly  forked, 

and  one  or  more  bright  nucleoli.  Viewed  with  a  inodenite  magnifying 
power,  their  protopliism  looks  grauukn  but  ivith  a  high  power  rt  is  seen  U> 
DC  finely  vaetiolated,  silthough  the  free  b<irder  f  »f  the  eell  through  whieh  the 
ciliA  pass  pix'sents  a  clear  asj^ect  (fig.  4iV},  The  cells  hfive  niot^t  geuerallj 
m  elongated  form,  like  the  f^articles  of  the  columnnr  epitlieliiim»  which 
they  resemble  too  iu  armngemerit,  but  they  are  often  of  greater  length  and 
more  ixjinted  at  their  lower  end  ;  and  this  is  not  unfrequeiitly  in*egnlarly 
forked  in  those  parts  where  a  deeiKT  layer  of  cells  exists  below  tihe 
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fil 


:_,  f.3).     Tliceiliaare  attached  to  their  bmad  or  BiT]x*r- 
h  cell  l>earing  a  tuft  of  these  minrite  Imir^ike  processes. 
the  cells  are  shorter  arid  eubiml  in  fi|^iire,  and  when 
delached  may  apjKjar  8|ihuroi(hil,  as 
m  Sg,  54,   which  represents  such  cells  ^'^  ^^' 

Iv  the  e|ijtbe]iiim  of  tlie  frog's  mouLh.     In 


%  14 — CaiMwm9  CBLis  ntov  try  norrH  ow  th^  wmoq  ; 
300  i>tAMiTSR8  (8bHrpej)* 


■adikfiimi  occnrs  in  the  ciliated  epithelium 
rftii  ocnifaral  yentricles  and  that  of  the  tjin- 
pBi,  where  the  cella  form  luit  a  single  stratem. 
nuoliBDiiar  ciliated  epithelium  may  exist  as  a  simple  layer,  as  in  the 
Mnsipd  FiUlopian  tabes*  the  Hnest  ramifications  of  the  Itronchia,  and 
linDlial  t^nal  <jf  the  spinal  conl ;  but  in  Aarious  otlier  parts — m  the 
wm^^tmrrnx^  Eustachian  tube,  the  trachea  and  its  larger  divisions-— 
tesaikyer  of  elongated  and  irregular  cells  beneath  the  superficial 
AMlMlge,  filling  up  the  spuces  between  the  pointetl  and  forked  ei- 
tmUmtt  the  latter,  l^ohably  the  subjacent  cells  acquire  cilia,  and 
Hm  place  of  ciliat^^d  cells,  which  are  cast  oil';  hut  the  mofle  of 
-^—  of  ciliated  epithehum  is  not  ytt  fully  iinderstuod. 


B  ii  naiad  thttt  when  the  ciliated  epitlielium  is  artlficiiiUj  removed  from  ft 

inner  vtirfaoe  of  t\i&  mbblt'ei  trachea,  the  deniidtxi  nurfacc  ^peedilj 

oOTcf^d  with  epitlieliimi,  which  grows  over  it  from  the  edge,  btit 

^«i&  fona  at  llivt  &  siiiglc  layer  of  fhittened  epithcLitim.    They  next  acquire 

Aad  kflRwaids  become  oolamnar,  the  epithelium  thryt  an^nmiair  the  chai'&cter 

liii^  tl  ha^  tbocmallj  m  that  mtuation.  • 

~      jjHOTcainw  to  beliere  that  the  ciliated  epith^Himi  cell*  are  in  coimectiou 

aenre  fibree,  or  with  the  cell«  of  the  subjacent  connective  tisgue.     It 

anch  anMtomioal  oonnectioa  hns  beeiY  desciitjed  b,v  Lockhart  Clarke 

in  reference  to  the  columnar  ciliated  cpithelitui)  of  the  central  canal 

caocd  and  of  the  Sjlvian  o^iuednct.    Butthiti  is  a,  niost  diMcnlt  point 

esaelij,  ftod  even  if  »uch  a  connection  should  be  proved,  the  cells  in 

abore  mentioned  are  entirelj  different  in  many  resjiects  from  or- 

They  are  relatively  Blender*  and  their  fixed  non-ciliated  ends 

igfihrep,  which  lose  themselves  in  a  fibriUar  network  which 

and  appears  to  be  formed  chiefly,  if  not  entirely,  by  the 

It  oC  the  nuni^ed  oell-prooeaaeg.     These  peculiar  ciliated  celk  clo^lj 

which   constitute  the  itructures  known  aa   nerve>epithelia   in 

I  ti  the  lower  snTertebrata,  and  which  in  rome  of  these  represent  the  whole 


and  action  of  tha  cilia. — The  cilia  themfielveg  differ 
^  tn  mxe  in  different  aniuKils,  nor  arc  they  of  e<|ual  Bize  in  all  parts 
i^tleiaiae  animal.  In  the  human  windpipe  they  meoanre -^^t^  th  to 
rif^  c»f  ^o  inch  in  IcnjErth  ;  Imt  in  ninny  invertebrate  animals  they 
■tmaeli  larger  than  this^  and  in  the  human  epididymis  ure  from  eight 
ti  Um  timm  laager  than  in  the  traciiea. 

Is  igme  th€T  have  the  aspect  of  slender  conical,  or  slightly  flattened 
AaaiBla  j  broader  at  the  Iwise,  and  usnally  pointed  or  rounded  at  their 
iir  citivtiilty.  Their  gn!)stanee  is  tnmgpareiit,  soft  and  flexible.  It  is 
il iB  qipearaoce  homofl^^neous,  and  no  fihres,  i^nulcs,  or  other  indi- 
wtimm  of  definite  internal  stnicturc,  have  been  satisfactorily  demon- 
ttHilid  so  it-  According  to  Kngelmann,  cilia  are  doubly  retracting ;  but 
i  dMKBcter  is  by  no  means  very  obviouB. 
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In  all  probability  the  suliBtance  composing  the  ciha  ia  chemtcaltj  and'l 
otherwise  similar  to  the  cell -protoplasm,  of  which  they  seem  to  be 
pennaueiit  protnisioos  *  If  this  is  the  case,  there  is  no  difficulty  in 
supposing  that  the  hishiug,  whip-like  movement  of  each  cilmm  is  effected 
by  the  contractility  of  the  clliuin  itself,  this  beiu^,  however,  called  into 
action  by  a  Btimuhis  originating  in  the  protoplasm  of  the  cell  fcci  which 
it  is  attached.  For  if  the  cilia  be  detached  they  cease  to  move,  u] though 
tbc  isolutiou  of  the  ciliated  cell  from  its  neighbours  and  from  the  other 
tissues  does  not  cause  a  cessation  of  the  movement.  On  tliis  account  it 
is  though t,  by  some,  that  the  movement  is  entirely  a  passive  one,  caused  by 
the  contraction  of  the  cell-protoplasm  acting  upon  the  base  of  the  cilium, 
and  if  this  were  so,  there  would  be  im  need  to  assume  that  the  cilia  bxq 
themselves  contractile-  But  the  apparently  inherent  motion  of  the  tails 
of  the  spcnnatozoa,  which  iire  comparable  to  long  single  cilia,  and  that 
of  the  long  cilia  which  are  pnjtruded  from  many  of  the  lower  animal 
and  plant  organisms,  seem  to  indicate  that  the  movement  is  inherent  in 
the  cilia  themselves.  The  cilia  vibrate  with  a  frequency  of  not  less  than 
ten  times  in  a  second  when  moving  actively,  but  the  rate  of  movement 
may  be  much  slowur  than  this.  The  movement  of  cilia  is  incessant  so 
long  as  the  cells  I'emaiii  alive,  but  that  of  s^>ermatozoa  often  exhibits 
intervals  of  rest  alterJiating  with  periods  of  rhythmic  movement. 

The  manner  in  which  the  cilia  move,  is  liest  seen  when  they  are 
not  acting  very  briskly.  The  motiun  of  an  individual  cilinm  may  he  com- 
pared to  that  of  a  carter's  whip,  tlie  cilium  l>eing  rapidly  flexed  in  one 
direction,  that  of  the  current,  and  returning  more  slowly  to  what  may  be 
regarded  as  the  position  of  rest,  generally  a  little  on  tlie  other  side  of  a 
plane  pcq>cndicular  to  the  surface  of  the  cell.  The  motion  does  not  in- 
volve the  whole  ciliated  surface  at  the  same  moment,  but  is  performed  by 
the  cilia  in  regular  succession,  giving  rise  to  the  appearance  of  a  series  of 
waves  travelling  along  the  siirfece,  lifce  the  waves  caused  by  the  wind  in  a 
field  of  com.  When  they  are  in  very  rapid  action  the  undulation  is  leift 
obvious,  and,  os  Hcnle  remarks,  their  motion  then  conveys  tlie  idea  of 
swiftly-running  water.  The  undulating  movement  may  Ijc  beantifolly  seen 
on  the  gills  of  a  mussel  The  midulations,  with  some  exceptions,  seem 
always  to  travel  in  the  same  direction  on  tl;e  same  parts*  The  impnlsion, 
also^  which  the  cilia  communicate  to  the  Huide  or  other  matters  in  contact 
with  them,  maintains  a  constant  direction  ;  unless  in  certain  of  the  lower 
animals,  h\  which  the  motion  is  often  variable  and  arbitraiy  in  direction, 
and  might  even  he  sujjposed  to  be  voluntary.  Thus  in  the  windjtipe  of 
mammalia,  the  mncns  is  conveyed  upwartls  towards  the  larynx,  anil^  if 
a  portion  of  the  membrane  be  detached,  matters  will  still  l>c  conveyed 
along  the  surface  of  the  separated  filament  in  the  same  direction  relatively 
to  that  surface,  as  before  its  separation. 

The  persistence  of  the  ciliary  motion  for  some  time  after  death,  and 
the  regularity  with  which  it  goes  on  in  parts  separated  from  the  rest  of 
the  body,  sufficiently  prove  that,  with  the  pvossible  exceptions  alluded 
to,  it  is  not  under  the  influence  of  the  will  of  the  animal,  nor  dependent 
for  its  prodnction  on  the  nervous  centres,  and  it  does  not  ajipear  to  be 
influenced  in  any  way  by  stimulation  or  sudden  destrnction  of  these 
centres.  The  time  during  which  it  continues  after  death  or  separation 
differs  in  diflereut  kinds  of  animals,  and  is  also  materially  inflyenced  by 

•  According  to  Kltlu  they  arc  in  contmmtj  with  the  iDtracellalar  network  (m» 
Ss.  88,  2.) 
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aod  bj  the  nature  of  the  fluid  in  contact  witli  the  surface. 
I  v«nn4)tooded  animals  the  period  varicB  from  two  or  three  hoiu-s  to 
daySj^  or  even  more  ;  being  longer  in  eunimer  than  in  the  cold  of 
Id   frogs  the  motion  may  continue  four  or  five  dajs  after 
iitfiiu  riiiii  of  the  brain  and  spinal  cord  ;  and  it  htm  been  seen  in  the 

Ci  of  tbe  tortoise  fifteen  days  after  decapitation,  continuing  seven 
iftar  the  moscJes  had  ceased  to  be  irritable. 

MMt  «^  ▼ATTlnff  external  conditloiia  and  reagents  upon  oiUary  motion* 
t  of  tempezAtare  exert  a  very  marked  effect  upon  the  rate  and  vigonr 
i  oi  talim^  ThuBf  in  warm-blood&d  animak  it  is  Edtogether  stopped  if 
\  im  lowered  to  6^  C,  whereas,  in  eold-blooded  animals,  such  bs  the 
,  it  goes  on  unimpaired  at  0*^  C.  The  motion  which  has  become 
from  cold,  maj  be  revived  by  warmth,  and  becomes  more  active  in 
i  u>  tJie  rise  in  temperature  up  to  a  certain  point,  which  differs  in  warm 
animals.  In  the  former,  this  maomum  temperature  is  about 
» this  the  movement  quickly  cendes,  the  oUia  paafiing  into  a  coagulated 
I  ocndltioti,  known  as  heat-rigor,  and  which,  if  weU  marked,  is  not  re- 
ftOBi.  The  tetmpcrature  of  the  body  &eema  to  fje  that  which  is  most 
hie  Id  ^e  action  of  the  cilia ;  that  is  to  say,  they  wiU,  if  removed  from  the 
ik;«Oik  ▼Igoirouglj'  for  a  longer  time  at  this  temperature  than  at  any  other. 
^iwiD  ootitmiie  to  work  for  a  time  in  the  absence  of  free  oxygen.  This 
«VM  Igr  Sharpcy ,  who  noticed  the  movement  of  the  cilia  upon  th*?  gill  of  the 
btDpiocead  for  eome^houi^^even  when  immeiBed  in  water  which  had  been 
lioC  ite  oaijipeii  by  boiling.  ThisexperLment  show^s  that  like  the  substance 
I  tfiHriK,  the  parotopliiflxa  of  the  ciliated  epithdium-oell  can  store  up  oxygen  in 
d  fOTOt  for  future  use. 

action  of  water  is  to  increase  the  activity  of  cilia,  and  this  ie 
bj  a  eweUing  of  the  cilia  through  imbibition  of  fluid.    Agents  or 
in  the  other  hand,  which  abstract  water  from  the  tissue,  retard  or 
ctioa.     Thus  most  of  the  common  acid  and  saline  solutions  when 
i  aneefc  the  action  of  cOm  instantaneously  in  all  animals,  but  dilution 
I  tU»  tAeOt,  and  when  carried  far  enough,  prevents  it  altogether.     Fresh 
the  motion  in  marine  animals  ;  but  it  evidently  acta  by  de- 
the  form  and   sub^tanc^  of  the  cilia,  which  in  the^c  cases  are 
I  te  a  different  medium.    Even  in  air-breathing  and  fresh-water  animals 
baa  after  a  time  the  same  action,  provided  the  ciliated  cells  are 
it  can  pass  by  imbibition  into  their  protoplasm.    Solutions  of 
k,  if  extremely  dilute^  act  like  water,  but  more  powerf  nUy.    Virchow 
tins  m  eolation  of  either  potaoh  or  soda  would  even  revive  the  move- 
^iA«<  eOia  after  it  had  just  ceased.    Narcotic  substances,  such  as  hydrocyanic 
iriL  vte  of   morphia  and  strychnia,  opium  and  belladonim,  were  stated  by 
ad  Talentin  to  have  no  e^ect,  but  tbe  &r^-named  agent  appeared  to 
the  motion  in  the  river-musael.     The  vajKnir  of  chloroform 
but  the  motion  revives  again  if  the  application  of  the 
r  ie  iijanqjitiinied  (Lister). 

resembles  chloroform  in  its  action ^  rapidly  arresting  the 
if  canveyed  over  a  cUiatcd  surface,  but  the  action  speedily  recom- 
I  o«  «g«ia  admitting  air.    The  passage  of  ^le  gas  is,  however,  generally 
k  itiniiilatie  the  movement  at  first. 

the  action  of  cilia,  while  blood  prolongs  it  in  vertehrated  animals ; 

I  of  the  vertebrata  has  quite  an  opposite  effect  on  the  cilia 

,  airestiitg  their  motion  almost  instantaneously, 

bj  Sieinbnch  that  a  mechanical  stimulus,  insufficient  to  injure 

i  a«  that  produced  by  the  impulse  of  a  current  of  fluid,  acta  markedly 

I  €be  activi^  of  ciliary  motion. 

I  they  cause  injury  to  the  ciliated  surface  (which  is  some- 
IB  ite  QHtt),  prodiiee  no  visible  effect ;  and  the  same  is  true  of  galvanic 
i^riK.  E^fHmann  etatesi  however,  that  if  the  ciliary  action  be  very  rapid  it 
f  hm  dowfdt  if  «iow  it  m»j  be  accelerated  by  electriolty. 
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Whatever  views  aro  entertamed  conceming:  t\w  nature  and  iwttrce  of  the 
power  by  which  the  cilia  act*  it  must  be  borne  in  mind  that  each  ciliated  cell  i* 
mdiyiduallj  endowed  with  the  faculty  of  producing  motion ^  and  that  it  poes^aet 
m  itaelf  whatever  organic  apparatus  and  whatever  physical  or  vitai  proper^  mijr 
b6  necessary  for  that  end ;  for  single  eplthjt?liuni  cells  are  seen  to  exhibit  tli 
phenomenon  long  after  they  have  bet  ii  completely  isolated. 

It  seema  not  unreasonable  to  consider  the  ciliary  motion  aa  a  matufe»tatioii  of 
that  property  on  which  xho  more  congpicoons  motions  of  animaJii  are  known  to 
depend,  namely,  vital  contractihty ;  and  this  view  has  at  least  the  advantage 
of  referring  the  phenomenon  to  the  operation  of  a  vital  pro^ierty  already  recsog- 
niaed  as  a  eource  of  moving  power  in  the  animal  bt^dy.  Bat.  assuming  this  view 
to  be  sound,  so  far  as  regards  the  nature  of  the  motile  power  brought  into  play, 
it  affordii  no  explanation  of  the  cause  by  which  the  contractility  is  excited  and 
the  cilia  maintained  in  constant  action. 

The  lir^t  eoniprehenBive  account  of  the  atmctuie,  distribution ,  and  mode  of  ^ 
action  of  dlia  was  given  by  Sharpey  in  the  article  '*  Cilia/'  in  Todd  and  Bowman** 
Cyclopcedia.  That  article,  which  appeared  in  1835,  was  the  result  of  much  labonom 
investigation,  and  still  formB  the  basis  of  our  knowledge  on  the  subject.  The 
present  acoonnt  woi}  written  by  Sharpey  for  the  fifth  edition  of  this  work,  and  has 
since  needed  but  little  nit>dification-  Simultaneously  with  Sharpey**  article  • 
very  complete  description  was  also  given  by  Purkinje  and  Valentin,  inclnding  an 
account  of  the  di^ovety  of  this  phenomenon  in  mammala,  binls,  and  reptik-s.  and 
of  the  literature  up  to  that  time  (De  phiuuomeno  geaeraU  et  fundamentali  mot&s 
vibratorii  continui,  iS^'t), 

liiteratnre  of  SpitheUnnii*— /iTtf/i/e,  Ueber  die  Ansbreitung  d,  Epith.  ira  mcn^^UL 
Korper^  1838  [  and  in  his  Allgemuine  Anatotnie,  KiMlkcr,  Cylinderselkn  d.  Bunndamu. 
Wunb,  Verhandl*  VI.,  1856.  Brcttau^r  it  tSteinach^  Outers,  u.  d.  Cyliadcrepith.  d  Darm" 
EOtten,  1857.  3LScIiuU:f,  U.StJichd-  u.  Riff  Kelleo^  Med.Ctutmlb.,  1864,  and  Vircb,  Arck 
XXX.  Bizzozero^  S.  strutt.  d,  cpit.  pavini.  sftrat^  Ann.  univ.  di  McdI.,  1861 ;  and  Sindi^ 
kc,  1S70-  ir.  Hit,  Die  Hiiuien  n.  Hohlen  d.  KiJrpcrs,  1805.  F,  E.  SchuUzt^  Epithcl-  und 
DrUMQ-iellon,  Arcit.  1  mikr*  Auat.  III.i  18ti7  ;  Uc.  cutic.  Bilduageni.  Verhomuog, 
&C.,  Idem,  v.,  1859.  (k^iiger,  Einigo  llemerk.  w.  d  sog.  Becheraelk-n^  Arch,  £, 
Anat.|  1867*  J.  Sachg,  Zur  Kcnntn.  d,  saguii.  Vacnolen  odcr  Bechereollen,  Virch.  Arch., 
18fi7  ;  Arntteinf  Idem,  1867  ;  FimcT,  Idem,  18GS.  iitnrrtcr,  Article  **Epit1lielium*'  in 
Nouveau  Uctionnalrede  Medicine,  1870  ;  in  his  Traitc  Icchniqne,  1875  :  and  NqivcIIqi 
rechurchea  but  lo  mode  d'unioa  des  cellules  du  corjj«,  iiiuqueux  dc  Malpighi,  C.  r«  1879. 
Langtrhuntf  Ue.  melirBchichtige  Epithclicn,  Yirch.  Arck  LVllL  MdUmann^  Dsia 
Verhiiltaias  iw.  Protophtama  n.  Gfrundsubstatii,  Wiener  Sitsnngib^  1873>  Zo^^  Ue. 
d.  feinerea  Bau,  k^  der  £pitheli€n,  Med.Cciitr.,  1871,  and  Otaz  nnteT8.t  Heft  3,  1873;» 
JSlavjan^jff  Die  re^resBiTe  Verandeningcn  d.  Ej)itkehoHcn,  kc,  Artteiten  a.  d,  phj^ioUJI 
Anstalt  xu  Leipzig,  1873.  W,  Kraute^  in  Allgomtiuo  Anatumie,  1875.  S.  Martyn^^ 
Oa  coDJoiucd  epitheliump  Monthlj  Mier,  Joum.  XIV,,  1876.  /,  Artwkl ;  E.  Tkoina^ 
(Teber  d.  Eittaubttanis  d.  Epith.,  Virch,  Arclj.^  1 875  and  1876.  Qri^nif  Contribuaione 
alU  pAtol.  gen.  del  teaaoto  epith.  cilintlr,,  IS75.  Ibumewxand  Hrmmnn^  ficclitrchejjsfur 
qudqoes  ^pitheliams  plati,  &c.,  Journal  de  I'anat.,  1876.  Kirin,  Obscrrationa  on  the 
Btruciare  of  cells  and  nuclei.  Q.  J.  Micr.  Sci,,  1878  and  I37&.  Fttrnvving^  Beitrage  rur 
Kenntoisa  der  Zelle,  A:c..  Arch.  1  Mikr.  Anat.  XVL  and  XVI II.,  1878,  1880.  Trin- 
ckt4^  SuUa  atrutturu  d,  ctdhila  e|jitk ,  Atti  d.  K.  Accail,  d.  Lincei,  IS^d-dO, 

On  regcacration  of  epithelium  :—OeW,  S,  Bvillnppo  d.  cell,  itc,  FimpArmle,  1S<j7  ; 
Wad*worth  u.  EhtHh,  in  Virch.  Arcli.,  1870  j  Heibfrrf,  lu  Rtrickor'a  Stodion,  1870  ; 
Bkmadecki,  in  Wiener  Sitanngmb.,  1870.  B,  Sewall,  m  tlic  Joum.  of  PhysioL,  1878. 
Mujfult  in  Hafjnimn  and  Sehwalbe'a  Jahresb.f  1879.  Drawh,  Ue.  Kf^genemtioa  des  Flim- 
merepittielfl,  Wiener  Sitiuagab.,  1879,  aa  wdU  us  in  seTemI  of  tha  papcm  above  quoted. 

On  ciliated  epitheUiim  and  the  action  of  cilia  : —  Vai^ntin^  Article  in  WagiJor*B  Haud- 
wdrterb.,  1842.  Virchow,  Vn.  d.  Errcgb,  d.  Flimmerx.  Arch,  f  path.  Aunt.,  1854.  CatU- 
imrcUt  Heche reh.  cjcp, ,  &c.,  C.  r.  1858  ;  KUtiakoUitktf,  Wirkting  d.  Const -u.  Indnction- 
akdmea,  kc,  Wiener  Sitinnggb.,  1865.  KMnt^  Einfl.  d.  Gaiso*,  kc.  Arch.  f.  mikr. 
Anat.,  1866.  Ruth,  Ue.  euiigo  Bemhung.  d,  Fliramercpitlu  z,  contn  Protoij].,  Virch. 
Arch.,  1867.  Stuart^  Ue.  d,  Flimmerbew.^  1867.  Hukinga,  Einwirk.  v.  Gaseti.,  &c., 
Med.  Centr.,  1868.  Bweditcht  Force  of  ciliary  inotion,  Bojiton  Med.  and  Surg.  Joum., 
1876.  Engthnann,  in  Jeoa  ZciticEr.,  1868  and  1875  ;  Ptl.  Arch.,  186&  and  1875,  and 
Article  in  Hermann'^  HaadhQch^  1870  ;  ATeiffnann,  Flimmerepith.  im  OSaoph,  monschl 
Kmbryonctt,  Arch.  f.  mikr.  Anat,  1876, 
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THE    CONlTECnVE    TISSUES. 

Three  principal  modifications  or  varieties  of  connective  tissue  have 
kmg  been  recognised,  consisting  of  the  same  stmctnral  elements: 
niamelj,  white  fibreSy  elastic  fibres  and  connective  tissue  corpuscles ;  but 
in  widely  different  proportions,  and  thereby  exhibiting  a  difference  in 
their  groeser  or  more  obvious  characters  and  physical  properties.  They 
ue  known  as  the  areolar ^  the  fibrous,  and  the  elastic  tissues,  and  will  Ibie 
now  Beverally  treated  of.  Without  disregarding  the  alliance  of  cartilage 
and  bone  to  the  connective  tissues,  we  sh^  not  mclude  them  in  the  same 
general  description  ;  but  there  remain  certain  forms  of  tissue,  occurring 
locally,  or  met  with  as  constituents  of  other  textures,  which  belong 
to  thiiB  group,  and  will  be  briefly  ansidered  in  a  separate  section  as 
Bobordinate  varieties  of  connective  tissue. 

Cutflage  and  bone  axe  lunaUy  indnded  in  the  group  of  oonnective  tissues,  and 
of  zighi,  for  thej  present  undoubted  points  of  relationship  with  these  tissues, 
both  in  their  nature  and  the  general  purpose  which  they  serve  in  the  animal 
ttame.  Thus,  yellow  cartilage  shows  an  unmistakable  transition  to  elastic  oon- 
neetiTe  tiflsue,  as  fibro-cartUage  does,  even  more  decidedly,  to  white  fibrous  tissue. 
Moteofq:,  the  aniynal  basis  of  bone  agrees  entirely  in  chemical  composition,  and 
m  maBj  points  of  structure,  with  the  last-named  tissue.  But  since  both  cartilage 
and  booe  poesesB  easily  recognizable  histological  features,  besides  well-marked 
phjacal  and  chemical  characteristics,  it  seems  more  consistent  with  the  purpose 
of  hirtcdogical  description  to  treat  of  them  as  independent  tissues. 

ABXOIiAB   TiBsna. 

Mstsibiiition  and  arrangement. — If  we  make  a  cut  through  the  skin 
and  nrooeed  to  raise  it  from  the  subjacent  parts,  we  observe  that  it  is 
knedy  connected  to  them  by  a  soft  filamentous  substance  of  considerable 
tenaci^  and  elasticitv,  and  having,  when  free  from  fat,  a  white  fleecy 
dsgect ;  this  is  the  suc^tance  known  as  areolar  tissue.  In  like  manner 
the  areolar  tissue  is  found  underneath  the  serous  and  mucous  membranes 
whidi  are  spread  over  various  internal  surfaces,  and  serves  to  attach 
thoee  membranes  to  the  parts  which  they  line  or  invest ;  and  as  under 
the  skin  it  is  named  '*  subcutaneous/'  so  in  the  last-mentioned  situations 
iiis  called  ^subserous"  and  ^'submucous"  areolar  tissue.  But  on 
ling  further  we  find  this  substance  lying  between  the  muscles,  the 


blood-Teasels,  and  other  deepHseated  parts,  occupying,  in  short,  the 
intervals  between  the  different  organs  of  the  body  where  they  are  not 
otherwise  insulated,  and  thence  named  **  intermediate  ;"  very  generally, 
abo,  it  becomes  more  consistent  and  membranous  immediately  around 
these  organs,  and  under  the  name  of  the  "  investing  "  areolar  tissue, 
affords  ^ch  of  them  a  special  sheath.  It  thus  forms  inclosing  sheaths 
for  the  muscles,  the  nerves,  the  blood-vessels  and  other  parts.  Whilst  the 
areolar  tissue  might  thus  be  said  in  some  sense  both  to  connect  and  to 
inaolate  entire  organs,  it  also  performs  the  same  office  in  regard  to  the 
finer  parts  of  which  these  organs  are  made  up  ;  for  this  end  it  enters 
between  the  fibres  of  the  muscles,  uniting  them  into  bundles ;  it  connects 
the  several  membranous  layers  of  the  hollow  viscera,  and  binds  together 
the  lobes  and  lobules  of  compound  glands  ;  it  also  accompanies  the  vessels 
and  nerves  within  these  organs,  following  their  branches  nearly  to  their 
finest  divisions,  and  affording  them  support  and  protection.  This  portion 
of  the  areolar  tissue  has  been  named  the  "penetrating,"  "  constituent," 
OT  **parenchymaL" 
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It  thus  appears  that  the  areolar  is  one  of  tlic  most  general  and  imM 
extensively  distributed  of  the  tissuea.  It  is,  moreoYer,  contintioos 
throughout  the  body,  and  from  one  rearion  it  may  be  traced  withoct 
interruption  into  auy  other,  however  distant ;  a  fact  not  without  ijifeea*st 
in  practical  medicine,  seeing  that  in  this  way  dropsical  waters,  air,  blood, 
and  urine,  etf'used  into  the  areolar  tissues,  and  even  the  matter  of 
suppuration,  when  not  confined  in  an  abscess,  may  spread  far  from  the 
spot  where  they  were  first  introduced  or  deposited* 

On  stretching  oota  portion  of  areolar  tissue  by  drawing  gently  asunder 
the  parts  between  which  it  lies,  it  presents  an  appearance  to  the  naked 
eye  of  a  multitude  of  fine,  soft,  and  somewhat  clastic  thrcathi,  (juite 
transparent  and  colonrlcss,  Hke  spun  glass  ;  these  are  intermixed  with 
fine  transparent  films,  or  deficate  membranous  laminae,  and  both  threads 
and  lamina  cross  one  another  irregularly  and  in  aU  imaginable  directions^ 
leaving  open  interstices  or  areolee  between  them.  These  meshes  are,  of 
course,  more  apimrent  when  tlie  tissue  is  thus  stretched  cut  ;  it  is  plain 
also  that  they  are  not  closed  cells,  as  the  term  **  cellular  tissue  "  whicli 
was  formerly  used  to  denote  the  areolar  tissue,  might  seem  to  imply* 
but  merely  intersptices,  which  open  freely  into  one  another  :  many 
of  them  are  occupied  by  the  fat,  which,  however,  does  not  he  loose 
in  the  areolar  spaces,  but  is  enclosed  in  its  own  vesicles,  A  small 
f|uantity  of  colourless  transj^arent  fluid  of  the  nature  of  lymph  is  also 
present  in  the  areolar  tissue,  but,  m  health,  not  more  tlian  is  sufficient 
to  moisten  it.  M 

On  comparing  the  areolar  tissue  of  dilTerent  parts,  it  is  observed  in  ■ 
fiome  to  be  more  loose  and  open  in  texture,  in  others  more  dense  and  close, 
according  as  free  movement  or  firm  connection  between  parts  is  to  be 
provided  for. 


TJBB.OV&    TlBWUSi. 

Wlien  the  fine  bundles  of  connective  tissue  are  disposed  for  the  most 
port  in  one  or  two  directions,  instead  of  interlacing  in  every  direction  as 
in  the  areolar  tissue,  they  confer  a  distinctly  fibrous  aspect  to  the  parts 
which  they  compose,  accompanied  by  the  acquisition  of  certain  proper- 
ties, which  are  mainly  due  to  the  parallel  disposition  of  the  elements 
of  the  tissue,  and  to  the  preponderance  of  the  white  fibres  over  the 
elastic  (see  below}.  This  fibrous  tmiw  is  met  with  in  the  form  of 
hgaments,  connecting  the  bones  together  at  the  joints  ;  it  also  forms  the 
tendons  of  muscles,  into  which  their  fleshy  fibres  are  inserted,  and  which 
Serve  to  attach  these  fibres  to  the  bones.  In  its  investing  and  pro- 
tecting  character  it  assumes  the  mcmbninous  form,  and  constitutes  a 
class  of  membranes  termed  **  fibrous."  Examples  of  these  are  seen  in 
Oie  periosteum  and  perichondrium  which  cover  the  bones  and  cartilages, 
in  the  dura  mater  whicfi  lines  the  skull  and  protects  the  brain,  and  the 
fibrous  layer  which  strengthens  the  ptTicardimn,  also  in  the  albugineons 
coat  of  the  testicle,  and  the  sclerotic  coat  of  the  eye,  which  enclose 
the  tender  internal  parts  of  these  organs.  Fibrous  membranes,  named 
**  aponeuroses '*  or  *M"iische,"  are  also  employed  to  envelope  and  bind 
down  the  muscles  of  difl'erent  I'cgions,  of  which  the  great  feseia  inclosing 
the  muscles  of  the  thiglj  and  leg  is  a  well-known  example.  The  tendons 
of  muscles,  too,  may  assume  the  expanded  fonn  of  afioneuroses,  as  those 
of  the  broad  ninsclcs  of  the  abdomen,  which  fijrm  strong  fibrous  layers 
in  the  walls  of  that  cavity  and  add  to  their  strength.    It  thus  appears 
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Alt  the  fibrons  tiasae  presents  itself  nnder  two  principal  formSy  the 
fmkkkr  and  the  memhramus. 

Tbe  fibroos  tiasoe  is  white  or  yellowish  white,  with  a  shining,  silyery, 
cr  nacieoas  aspect.  It  is  exceedingly  strong  and  tongh,  yet  perfectly 
|Euit ;  bat  it  is  almost  devoid  of  extensibility.  By  these  c[ualities  it  is 
dmnaUy  suited  to  the  purposes  to  which  it  is  applied  in  the  animal 
fame.  By  its  inextensible  character  it  maintains  in  apposition  the 
|Bti  which  it  connects  against  any  severing  force  short  of  that  sufficient 
iDcuise  actnal  mptnre,  and  this  is  resisted  by  its  great  strength,  whilst 
ill  lexibility  permits  of  easy  motion.  Accordingly  the  ligaments  and 
Indoos  do  not  sensibly  yield  to  extension  in  the  strongest  muscular 
cfirti ;  and  though  they  sometimes  snap  asunder,  it  is  well  known  that 
bom  will  break  more  readily  than  tenaons  of  equal  thickness,  and  t^e 
BiGQS  membranes  are  proportionally  strong  and  alike  inextensible, 

aZiASnO   TZBBUB. 

bother  sitoations  in  the  body  a  tissue  is  found  which,  while  allowing 
I  taanderable  amount  of  extension,  will  readily  return  to  its  origin^ 
ai&ioQ  when  the  extending  force  is  relaxed.  This  is  provided  for  by 
it  freponderance  of  elastic  fibres  in  the  connective  tissue,  and  these  in 
AiBOft  typical  examples  of  the  tissue,  such  as  the  ligamcntum  nuchse 
if  nidnipras  and  the  hgamenta  subflava  of  the  human  spine,  give  it 
afdlainsh  colour.  The  tissue  is  extensible  and  elastic  in  the  highest 
dqm,  but  is  not  so  strong  as  ordinary  fibrous  ligament,  and  it  breaks 
tarn  the  direction  of  its  fibres  when  forcibly  stretched. 

Enmi^es  of  the  texture  on  a  large  scale  are  seen  in  the  horse,  ox, 
eiepbnr,  and  other  large  quadrupeds,  in  which  it  forms  the  great  clastic 
iinoknt,  called  ligamentum  nxich(By  that  extends  from  the  spines  of  the 
Ttftcbrae  to  the  occiput,  and  aids  in  sustaining  the  head  ;  in  the  same 
cmals  it  also  forms  an  elastic  subcutaneous  fascia,  which  is  spread  over 
d*  muacles  of  the  abdomen  and  assists  in  supporting  the  contents  of 
(bat  cavity.  In  the  human  body  it  is  met  with  chiefly  in  the  following 
Etaanons,  viz. : — 

1.  Forming  the  ligamcnia  subflava,  which  extend  between  the  arches 
cf  adjactnt  vcrtebrse ;  these  ligaments,  while  they  permit  the  bones  to  be 
Ga»n  apart  in  flexion  of  the  body,  aid  in  restoring  and  maintaining 
^k  habitual  approximation  in  the  erect  posture — so  far,  therefore, 
i^inving  the  constant  effort  of  the  erector  muscles.  There  is,  moreover, 
13  ofc'Tions  advantage  in  having  an  elastic  band  in  this  situation,  instead 
^•f  an  ordinary  ligament,  which  would  be  thrown  into  folds  when  the 
v>.»  are  approximated.  2.  Constituting  the  chief  part  of  the  stylo- 
^yji*i,  thTTohyoid,  and  cricothyroid  ligaments,  and  those  named  the 
"xal  (xjiris.  Also  extending,  in  form  of  longitudinal  bands,  underneath 
tht  mucons  membrane  of  the  windpipe  and  its  ramifications.  3.  Enter- 
al, along  with  other  textures,  into  the  formation  of  the  coats  of  the 
fc^-od- vessels,  especially  the  arteries,  and  conferring  elasticity  on  these 
tcUft. 

1CZCB0800PZO   BTBUOTTJBID    OF   CONNSOTrVB    TISSXJID. 

The  three  kinds  of  connective  tissue,  the  ob\'ious  characters  and 
irraiigement  of  which  have  just  been  described,  agree  closely  \vith  one 
aatiher  in  elementary  structure.  They  are  all  composed  of  a  matrix  or 
groond-substancey  in  which  cells  are  imbedded,  and  in   this  ground- 
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Babstance  and  k'tween  the  cells  are  fibres  of  two  kintls,  the  white 
imd  elastic.  It  is  the  different  arraiifj^cmcnt  of  the  cells  and  fibres,  aa 
well  sts  the  relative  proportitm  of  one  kind  of  fibre  to  the  other»  that 
determines  the  different  characters  of  tlie  varieties  of  connective  tissue 
above  eiiiinierated. 

Gromnd-substa^ica  and  Fibres  of  Connective  Tissue.— The 
gromiid*sn1>Btanctp  matrix,  or  intercellular  snbstanee  of  the  connectiye 

tissue    iB   composed  of  a 
^'^i*  S5.  Boft  homogeneoufl  material 

which  occupies  the  tissae 
hetween  tbe  cells  and  cell- 
Fig.   55,— Cbll-spaobs    or  sm- 

CrOtAJfSODS  CO^KKOTtVK-TtaSUf, 
tfiS  OftOUlTD  iffBSTAirCfl  HATlVfl 
BSKH  STAinVD  DXXPLT  BT  9t- 
TBATE  OF  SILVER,  (E.  A,  S.) 
340    UlAMETGRS. 

groups,  and  in  which,  ag 
aho\"e  stated,  the  fibrotiS 
elements  of  the  tissue  are 
fo«nd,  it  may  be  in  bo  great  a  quantity  as  altogether  to  obscure  the 
<(round-substance  in  which  they  lie.  It  serves  thus  to  unite  tlie  fibres, 
at  least  the  white  fibres,  into  the  bundles  which  they  form,  penetrating 
between  the  iiidiyidual  fibrils  of  a  buudle,  and  enveloping  the  latter 
with  a  homogeneoufl  sheath  often  of  ^.q^at  tenuity. 

The  grouud-substnnce  of  connective  tissue  apfn^are  to  contain  mucin.  It 
IB  precipitnted  and  rendered  cloudy  by  acetic  acid.  It  liecomea  stained 
brown  when  treated  with  nitrate  of  silver  and  afterwards  exposed  to 
the  b*?bt,  in  tiiis  respect  resembling  the  intercellular  subBtunce  of 
an  epithelium.    The  cells  of  the  tissue  lie  imbedded  in  it,  cither  ia 


Fig.  68, 


Fig. 


56. — CKLt-BFACBS    OF    TRITDOH    OP   XOUn's    TAIL,     BROUOffT    llTTO    TTKW    BT   TREAT* 
MEKT  VrltH    KITAATE   OP  9ILVSft,      175   I>tAai:£TX}I&      (K.    A.    Sj 


shallow  pitH  on  the  surface,  or  in  spiiccB — ccll-Bpjicea— entirely  en* 
closed  by  the  groimd-substance,  the  spaces  being  for  the  most  part 
ratlier  larger  than  the  contained  cells,  with  which,  however,  they  corre- 
Bpond  on  the  whole  m  sliai>e.  These  cell-spaces  (the  Saftkantilchen 
of  Recklinghauf«<ni.  lymphatic  canalicidi  of  Klein  and  Burdon- Sanderson) 
are  brought  into  view  when  the  tisane  is  stained  with  nitrate  of  sOver, 
for  they  then  look  white  upon  the  brown  ground  (figs,  55>  5ti)* 
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I — When  eiamined  tmdcrthe  microscope  both  the  areolar 
BUC8  are  seen  to  be  principally  made  n]>  of  exceediugly  fine, 
^and   appa- 
f  bomogeaeous  tik-  Fig.  57. 

jth  of  au  inch 

inv€»^  or  even  lesa 

57).      Theae    are 

\.  17- — WuAMEsm  or  uato* 
t  cndw  A  njkawirtiyfi 


^aiiigle,     beiupr 

lii^  by  means 

and  usually 

^  tihle     quantity 

\  pocmd-enbstance 

~  tandfilamon- 

of  various 

bich  lo  the  naked 

_   simple  threads  and  films,      Thout^L  the   bundles* may 

111  ereiy  direction,  the  Rlaments  of  the  same  bimdle  run  nearly 

to  each  other,  and  no  one  filament  is  ever  seen  to  divide  into 

or  to  unite  with  another.    The  associated  filaments  take  au 

\  bendin;^  or  wavint,'  course  as  they  proceed  along  the  bundle, 

Bi  1  their  general  parallelism.     This  wary  nspeet,  whieh  is 

of  these  filaments,  disappeara  on  sti'etchiug  the  bundle, 

,  aguiu  when  it  is  relaxed. 

ffluDents  just  descriliet!,  though  transparent  when   seen  with 

light  under  the  microscope,  ap^xar  white  when  collected  in 

lie  quantity  and  seen  with  reflected  hgbt  ;  they  are  doubly 

ftlia,  therefure,  appear  bright  when  viewed  between  crossed 

t'l  pctitmg.     Acetic  acid  causes  them  tu  swell  up  and  become  indis- 

Wlieii  the  tififiue  is  boiled  in  water  the  white  filjres  are  almost 

Ivod  into  gelatine  ;  they  iu-e  eaid»  therefore,  to  be  composed 

substaivce. 

Khre*.— Occurring  both  m  the  areolar  and  fibrous  tissue, 

inja:  the  greater  piu-t  of  the  B<j-€idled  elastic  connective  tissue, 

^ofV  different  nature  from  those  just  considered  ai-e  fomid — ^these 

!  dielic  fibres.   When  culleeted  in  considerable  quantity  they  have, 

rlwveieeii,  a  yellowish  colour,  but  when  seen  sinjL^ly  their  yell*  av  colour 

;  appear ;  tliey  can,  however,  always  he  recognised  liy  the  following 

fm.     liVhen  viewed  under  a   tulcniijly  hiji^h  niagrdfyiiig  power, 

tipear  quite  transpai*ent,  with  a  remarkably  well-defined  outhnc 
).  They  may  run  nearly  straight,  but  often  frillu^v  a  somewliat 
:  oour&ey  ^ith  bold  and  wide  curves,  unlike  the  undulations  of 
ite  connective  filaments.  As  they  proceed  they  divide  into 
a,aDd  join  or  anastomose  together  in  a  reticular  msmner  (fig,  59). 
I  paitB  the  elABtic  networks  are  coiiip<)»ed  of  fine  fibres  with  wide 
I  in  olber  parts  the  elastic  fibres  are  larger  and  broader  and  tho 
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intervening  spaces  narrower,  so  that  the  tissue  may  even  have  a  lamdhr 
character  and  present  the  appearance  of  a  homogeneons  membrane,  whidi 
ma^  be  either  entire,  or  with  gaps  or  perforations  at  short  intervals,  q 
which  case  it.constitutes  the  fenestrated  membrane  of  Henle,  found  in  till 

Kg.  5a 


Fig.  58. 


Fig.  58.— Blastio  fibrss  trox  trb  UQAXxmk  subflava  ;  magnified  about  800 

DiAXBTSBS  (Sharpey). 
Fig.  59. — ^Elastic  fibres  from  thb  uoamiktum  vvcbm  of  thb  ox,  showifo  traxs- 

YBB8B  MARKIN08  ON  THB  FIBBBS  ;   HIOHLT   MAGNIFIED.      (E.    A.    S.) 

coats  of  the  blood-vessels.  A  remarkable  character  which  elastic  fibres 
exhibit  in  many  specimens,  is  a  tendency  to  curl  up  at  their  broken 
ends ;  and  these  enos  are  not  pointed,  but  abruptly  broken  across.  Their 
size  is  very  various ;  the  largest  in  man  are  nearly  T^^h  of  an  inch 

in  diameter,  the   smallest  perhaps 
Fig.  60.  not  more  than  ^^^^^th.    In  some 

situations  the    larger    sized    fibres 
prevail ;   this  is  the  case  with  the 

Fig.  60. — Cross-section  of  elastic  fibrss 

FROM  THE  LIGAMENTUM  NUCHiB   OF  THB  OX 

(from  a  sketch  by  Mr.  T.  P.  GosUing). 

ligamenta  subflava,  where  their 
general  diameter  is  about  Tj^^h  of 
an  inch ;  in  other  instances,  as  in 
the  vocal  chords  and  in  many  parts 
of  the  areolar  tissue,  the  elastic  fibres 
are  exceedingly  fine.  In  some  animals  elastic  fibres  are  met  with  T3Wtt 
of  an  inch  in  thickness.  In  shap  they  are  not  cylindrical  but  anguiar, 
as  is  well  seen  in  transverse  section  (fig.  60). 
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In  certain  portions  of  the  areolar  tiasue,  as  for  instance  in  that  which 
ea  nnder  the  serous  and  mucous  membranes  of  particular  regions,  the 
bBow  or  elastic  fibres  are  abundant  and  lai^,  so  that  they  cannot  well 
e  overlooked ;  but  in  other  parts  and  in  the  fibrous  tissue,  they  are 
iw  in  number,  and  small,  and  are  then  in  a  great  measure  hidden  by 
le  white  filaments ;  in  such  cases,  however,  they  can  generally  be 

Fig.  61. 


i&    61. — MAanvTKD    mw   or 

A&KOLAE     TDSTS     (FBOX     DIF- 

WEMMXY  Txmra)  texatkd  with 
Acmnc  ±cu>  (Sharpey).  o 

TIm  vhite  filaments  are  no 
oger  seen,  sad  the  yeUow  or 
jMitic  fibres  with  the  oeU-oncIei 
Nne  into  Tiew.  a,  s  bundle  of 
hxte  fibres,  which  is  swoUen  out 
f  the  effect  of  the  sdd,  snd  pre- 
sts  s  number  of  eonstricting 
■ads.  b  shows  the  brandling 
f  the  nearly  stimi^t  elastic  fibres 
i  sieolar  tissae^  sad  their  anion 
rtoaBeiwwk. 

endered  oonq>icnous  under  the  microscope  by  means  of  acetic  acid, 
ihich  causes  the  white  filaments  to  swell  up  and  become  indistinct, 
rhiht  the  elastic  fibres  not  being  affected  by  that  re-agent,  come  then 
Mte  clearij  into  view  (fig.  61,  J).  Moreover,  they  resist  the  action  of 
dling  aDcaline  solutions  of  potash  and  soda,  of  moderate  strength, 
rhich  very  speedily  destroy  the  rest  of  the  tissue. 

A  watoiy  tolntioii  of  magenta  stains  elastic  fibres  very  intensely.  The  sabstanoe 
f  wbich  the  elastic  fibres  is  prindpaUy  compoeed  does  not  yield  gelatine  on  boil- 
ig.  It  has  been  named  elastin,  and  is  one  of  the  most  resistant  materials  met 
ith  in  the  body.  Bnt  it  seems  to  be  combined  witJi  some  less  resistant  sob- 
moe ;  for  Pfeoifer  fonnd  that  after  long  digestion  of  elastic  fibres  in  peptic  or 
Tpdc  flnidsy  a  portion  of  the  fibre  became  swoUen  and  partly  dissolyed,  whilst 
be  cdastin  remained  for  the  most  part  in  the  form  of  separated  particles. 

Many  obeeryers  hare  described  transverse  striation  in  elastic  fibres  (see  fig.  69), 
wgtaaMj  in  those  that  have  been  long  macerated.  It  is  not  improbable  that  ap- 
eanmofB  of  transverse  striation,  and  also  the  tendency  which  the  elastic  fibres 
iMnr  to  break  across  (seldom  or  never  splitting  longitudinally),  are  indications  of 
he  onginal  formation  of  the  fibres  as  rows  of  isolated  particles,  which  snbse- 
WBtlj  become  fused  together. 

Sdiwalbe  ascribes  sheaths  to  the  elastic  fibres.  Some  have  thought  them  to  be 
nbiilar ;  but,  although  probably  less  dense  at  the  centre  than  at  the  i>eriphei7, 
he  fibie  seems  to  be  solid  throughout. 


;  of  tlia  PibrMi  in  tlia  areolar,  fibrous,  and  elastic 
respeetiTelj. — In  the  areolar  tiasne  the  bundles  of  white 
lires  intercross  in  aU  directions  (fig.  62),  and  exhibit  every  degree  of 
urvatnie.  The  bundles  are  exceedingly  variable  in  size,  the  numb^  of 
laments  in  a  bundle  presenting  a  corresponding  variation;  and  the 
KziiT  or  density  of  the  tissue  depends  chiefly  upon  the  size  of  the 
nmcUes  and  the  closeness  with  whicn  they  are  packed. 

The  elastic  fibres  of  areolar  tissue  run  in  the  ground-substance  between 
lie  white  bundles,  but  when  the  latter  arc  laige  and  occupy  almost  the 
rbole  of  the  tissue  the  elastic  fibres  often  appear  to  lie  upon  the  sur&ces 
f  the  bondki^  and  we  even  see  here  and  tnere  what  appears  to  be  an 
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elastic  fibre  winrliiif^  round  one  of  these  bundles,  and  encircling  it  with 
eevenil  Rpiral  tnrtis,  AVIien  Rcttic  acid  is  applied,  the  ftiselcnlns  sweRi 
out  between  the  coiisfcrictin,!^  turns  of  the  winding  fibre,  and  presents  a 
highly  ehamcteristic  appearance  {^g.  ill,  a).  This  remarkable  dis- 
piiaition  of  the  elastic  fibres,  whieh  was  pointed  out  bj  Henle,  is 
not  uneommon  in  certain  parts  of  the  areolar  tissue  ;  it  may  be  abvajs 

Pig.  62. 

Fig.    62, — SuBCTJTiKBOus      oojtificnrt 

TlSSUa  OF   A   YOtTKO    OtTTXCA-PIO ;  MM- 
KlflEO   350   mA»KTKlW. 

r/j  braiicbetl  corpttsclei  ;  <•,  flattened 
Ci^Ti'^i^'io  f  *Jf  graDiilar  corj/ascle ;  /, 
IcuccKiyte  or  migratory  celL  Tho  eittstic 
fibres  are  not  represented. 

seen  in  that  whieh  aecompanieg 
the  arteries  at  the  base  of  the 
liraiu.  It  must  be  observed,  how- 
ever, that    the    encireling   fibre 

gometimes  forms  not  a  continnoOB 

\    f^^     '^SMj^f^^^     spirab  liut  R'veral  separate  rings. 
I  ^fc^^^^         jj^   ^^^^Y\   a  fmse  the  appeai-ance 

may  be  explained  on  the  sup* 
position  that  the  bundles  in  quefifcion  arc  naturally  invested  with  a 
delicate  sheath  (of  ground-substance),  which,  like  the  elastic  trsgue, 
resists  acetic  acid,  but,  on  the  swelling  up  of  the  bundle  under  the 
operation  of  that  agent,  is  rent  into  shreds  or  segments,  mostly  annular 
or  spiral,  which  cause  the  constrictions.  In  other  cases  the  union 
of  branches  of  the  cells  around  a  bundle  may  be  the  caoee  of  the 
apjiearance. 

The  areolffi,  or  interstices  of  the  areolar  tissue,  are  intcreommunieating 
cleft-like  spaces  between  the  bundles  and  larainte.  Tbeyarc  not  present 
in  the  immature  tissue,  in  which  the  grdund-substancc  is  continuoag 
throughout,  but  as  the  matrix  l>et'onies  fibrillar  the  arcohe  are  formed, 
probably  by  the  liquefaction  of  gnmnd-gubstance. 

In  the  fibrous  tissue  the  liuiidles  of  white  filaments  run  parallel, 
cohering  very  intimately.  They  eitlicr  run  all  in  one  direction  as  in 
kmg  tendons,  or  intersect  eac'h  r»ther  in  difTcrent  planes  as  in  sonic 
apcuieurosefi!,  or  they  take  various  directions  and  decussate  irregularly 
with  each  (ither  as  in  the  dura  nutter.  And  wiien  they  run  parallel  Uy 
each  other,  aa  in  tendon,  they  do  not  keep  scfMirate  throughout  their 
length,  but  send  otT  slips  to  join  neighbouring  bundles  and  receive  the 
like  in  turn  \  m  that  successive  cross  sections  of  a  tendon  or  ligament 
present  diJTcreut  figures  of  the  sectional  areas  of  the  bundles.  A  sheath 
of  dense  areobr  tissue  covers  the  tendons  and  liganu*nt>i  on  the  outride 
{fi*^,  G3,  fi),  and  a  varialAc  amount  of  the  same  tissue  (th  c)  lies  between  the 
fasciculi  into  which  the  smallur  bundles  arc  grouped,  seimrattng  them 
from  one  another,  and  also  ot-cunnng,  in  greater  amount,  l^etwi•e^  the 
largest  fasciculi  (r).  It  is  in  these  areolar  tissue  septal  that  the  blood- 
vessels and  lymphatics  of  a  tendon  or  ligament  run. 

The  sm^iicc  of  a  tendon  or  of  any  other  part  consisting  of  this 
texture,  appeai-s  marked  axjross  the  direction  of  the  fascieiili  with 
alternate  light  and  dark  streaks,  which  give  it  a  peculiar  aspect,  not 
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unlike  that  of  a  watered  ribbon.  This  appearance  is  owing  to  the  wavy 
conree  of  the  filaments,  for  when  the  light  falls  on  them  their  bendings 
natnrallj  give  rise  to  alternate  lights  and  shadows. 

The  fibrons  and  areolar  tissues  thus  agreeing  in  their  ultimate  structure, 
it  is  not  to  be  wondered  at  that  sometimes  the  limits  between  the  two 
should  be  ill-defined,  and  that  the  one  should  pass  by  inconspicuous 

Pig.  63. 


¥ig.  63. — Taxi  or  a  modibatilt  laboi  tbhdon  in  transversk  section  (E.  A.  S.) 


Of  areolar  sheaih  of  the  tendon,  with  the  fibres  for  the  most  part  running  transrersely, 
but  witk  two  or  three  longitudinid  bandies,  6  ;  /,  lymphatic  cleft  in  the  dbeath  ;  imme- 
diatdy  ov«r  it  a  blood-vessel  is  seen  cut  across  and  on  the  other  side  of  the  figure  a  smaU 
artery  Is  shown  cat  longitudinally ;  e,  large  septum  of  areolar  tissue  ;  d,  smaller 
aeptam ;   e»  still  tmaUer  septum.     The  irreguUrly  stellate  bodies  are  the  tendon  cells 


gradations  into  the  other.  Instances  of  such  a  transition  may  be  seen  in 
many  of  the  fascise  :  these  at  certain  parts  consist  of  dense  areolar  tissue, 
but  on  being  traced  farther  are  seen  gradually  to  become  fibrous ;  and 
hadsB,  which  in  one  body  are  areolar  in  character,  may  be  decidedly 
fibrons  in  another. 

In  the  elastic  tissue,  there  is  a  great  proportionate  development  of 
the  elastic  filw^  the  white  bundles  being  relatively  few  and  indistinct, 
but  considerable  variation  is  met  with  in  the  proportion  of  the  two 
kinds  of  elements.  The  white  bundles  are,  for  the  most  part,  disposed 
irregularly  and  course  in  different  directions,  as  in  areolar  tissue ; 
but,  in  some  elastic  ligaments,  there  are  bundles  of  white  fibres,  which 
run  as  in  an  ordinary  ligament  parallel  with  one  another,  and  from 
end  to  end  of  the  structure.  The  elastic  fibres  in  an  elastic  liga- 
ment, are  collected  into  smaller  and  larger  groups  or  bundles  (fig.  CO), 
which  are  separated  from  one  another  by  septa  of  the  white  tissue,  but 
the  latter  also  penetrates  between  the  individual  clastic  fibres  of  the 
group. 
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The  Cells  or  Corpnselee  of  Ctonneetive  Tiesue. — The 

elements  of  connective  tissue,  are  mostly  lamellar  in  shape  (fig.  62,  i 
and  fig.  64),  and  lie  imbedded  in  the  grormd-substance,  being  often  i; 
plied  to  the  surfaces  of  the  bundles  of  white  fibres.  Where  three  < 
more  bundles  come  into  apposition,  the  connective  tissue  cdls 

Fig.  64. 


Fig.     64. — Two    CONNKCTITI    TISSUE    00RPU80LES    FROM    THE    SUBCUTAHSOUa    COEElOflfl 

tissue;  nioHLT  magnified.     (E.  A.  S.) 
The  dark  streak  below  I,  in  the  right  hand  corpuscle,  is  a  himella  which  happens  ts 
be  projecting  towards  the  obseirer  and  is  seen  in  optical  section. 

extend  between  the  several  bundles,  and  they  then  consist  of  not  one 
lamella,  but  of  two,  three,  or  more  which  fit  in  between  the  bundles,  the 
body  of  the  cell  occupying  the  larger  interstice.  The  cells  in  some  paitS| 


Fig.  65. 


Fig.  66. 


I^g.   65. — Ramified    coknbctiye   tissue   corpuscles  (E.  A.  S.);    MAonriEO    250 

diameters. 

(From  a  preparation  stained  with  chloride  of  gold.) 

Fig.  66. — Epithelioid  and  ramified  cell-spaces  of  comnective  tissue  (K  A  S.). 

840  diameters. 
(From  a  preparation  stained  with  nitrate  of  silver.) 
The  nuclei  of  the  cells  are  faintly  indicated. 

united  by  their  edges  into  patches,  after  the  manner  of  an  epithelium  ; 
but  in  other  cases,  the  umon  taJces  place  by  means  of  branching  pro- 
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J  80  that  the  oeHs  form  a  kind  of  network  throughout  the  ground- 
■fartuice,  and  a  corresponding  network  is  of  course  formed  by  the 
ip«8  in  which  the  celLs  lie.  These  flattened  connective  tissue  cor- 
jmckB  are  generally  composed  of  comparatively  clear  cell-substance, 
with  hot  a  few  grannies  scattered  through  it ;  they  have  a  large  oval 
ODckas  with  an  intra-nuclear  network  and  nucleoli. 

Aocordiiig'  to  Klein,  "  it  can  be  shown  that  each  connective  tissue  corpuscle  is 
coBpoted  of  two  distinct  substances  :  (a)  a  hyaline  plate — gr&und-plat£ — wl^ich 
eoBtain^  the  oval  nucleus,  the  substance  of  which  is  a  dense  network — intra- 
ndar  network  ;  and  (b)  a  second  substance — a  network  of  minute  fibrils,  intra- 
tmwUtr  metw4^k — arranged  always  more  copiously  at  one  side  of  the  nucleus 
Ibia  at  the  other." 

Besides  these  clear  flattened  cells,  others  are  met  with  in  the  con- 
ttBCiire  tissue,  which  are  spheroidal  and  more  decidedly  granular,  with 
winder  nuclei  (fig.  62,^).  Here  again  we  must  distinguish  between  those 
cdk  which  have  actual  coarse  granules  in  their  protoplasm,  and  those  the 
{Dttjpbsm  of  which  is  finely  reticular,  and  merely  appears  granular  under 

Fig.  67. 


T^,  C— KriTHKLlOlP     CSLLS     0?     OOHWECTITE    TISSUE.        FrOM    THK    SURFACE    OP    AB 

iKnriOMS  TaKATvn  with  hitrate  op  silver.     Highly  magnified.     (E.  A.  S.) 

^■rdinary  powers  of  the  microscope.  Although  often  classed  top:ether 
:i;dc-r  the  name  of  plasma-cells  (Waldeyer),  they  are  perfectly  distinct 
tWrjf-ntf^  and  it  will  be  better  therefore  to  reserve  the  name  *'  plasma- 
otli*"  for  the  latter  kind,  especially  since  the  reticulation  of  the  protoplasm 
ft^ms  to  Vk?  due  to  the  accumulation  of  vacuoles  containing  fluid  (Ivraph) 
T-.thin  it,  and  to  employ  the  name  of  granular  cells  for  those  which  con- 
uii  obvious  granules.  These  are  especially  abundant  near  the  blood- 
vri^  U,  from  which  it  might  be  inferred  that  they  are  derived  from  white 
11- -vi -corpuscles  which  nave  migrated  from  the  blood-vessels.     Both 
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granular  and  pliisma  cells,  are  however,  considerably  larger  than  the  af'\ 
dinaiy  mij^ratory  axdh  (f\^.  G2, 1),  which  are  al»o  frequentlj  met  with  in 
the  connective  tissne,  and  are  known  by  their  amcelmid  movement,  whid 
the  connective  tissue  Lxirpuscles  pro]>er  do  not  exliihit  in  any  appreciable 
dcjrree.    The  plasma-celk  are  often  irrefodar  in  shape,  and  may  posse*  J 
branching  processes  (fi^^.  G2,  d).      Honietimes  thej  arc  elongated  int^ 
a  fusiform  sha|>e,  bnfc  cells  of  this  form  are  not  so  eonunon  as  was  sti 
one  time  Bup|K>Bed  ;  the  appearance  Ix^iog  fre(|nently  produced  by  flat- 
tened ceUs  seen  edge-ways. 

In  many  membranous  forms  of  connective  tissne,  the  flattened 
form  an  cpLthehid-like  covering  to  the  smfjices  of  the  membrane  or  mem-' 
braues  (fig.  (u),  and  may  even  complete  the  latter  by  bridging  over  any 
gaps  existing  between  the  bundles  of  filjres  forming  the  membraDC. 
Such  epithelioid  trsicts  may  be  of  considerable  extent.  It  is  oltett.  \ 
observable,  thnt  the  cells  at  the  margin  of  the  patch  have  pre 
their  frcKi  bonier,  wliich  are  coimceted  with  the  ordinary  soitter 
of  the  tia^ne  (see  fig.  Gi\). 

In  areolar  tissme,  the  connective  tissue  ceUs  have  no  very  definHj 
arrangement.  Both  the  cells  and  the  spaces  in  which  they  lie  may  int 
communicate  by  their  branches,  and  in  this  way  it  often  happens  whe 
the  tissue  is  thicker,  that  the  system  of  cells  and  cell-prttcesses,  and  of  < 
ros|xinding  canals,  may  eflect  a  commnnieation  Ijetwein  the  snperficiii 
and  dee|)er  parts  of  the  tissue.  The  cells  of  areolar  tissnr%  are  connected 
mnreover  with  the  flattened  cells  wliich  line  the  Hinalkr  blood-vessels  and 
lymphatics,  and  by  means  of  this  connection,  and  the  c*mtinnity  of  the  cell- 
Bpaccs  of  the  tissue,ciiannels  are  provided  for  the  fit  m*  of  blood -plasm  a  from 
the  hlo< Kbvesgt'ls or  towurds  the  lym]>hiitieg.  In  aiklition  to  this,  no  doubt 
some  of  the  plasma  <ir  lymph  muy  8<!ak  through  the  gronnd-sul«taiice,  < 
find  its  way  through  the  kcnuar  interstices  (arc*C)hi&)  of  the  tissue. 


Fjg.  m. 


pjg.  59^ — Tkitdoit   or   modse^s   tmi,    staihxd    with    Loflwooi* ;   sh^wiko  ciLiiirs  i 
ci!iL«  DrrwiKw  Tint  tenpow-bukdiui.     175  diambtkbs.     (K.  A.  8.) 


In  fibroas  tissme,  (tc^ndon  and  hgaraent),  the  cells,  which  rire  often" 
called  *'  r^-ndim -cells/'  follow  th  eparo  lie  1  arrangement  oft  he  fil  ire-bundles, 
and  are  disjHiwd  in  rows  or  chains  {fig.  fi8),  wbicii  may  be  easily  seen  if 
a  very  iiiie  tension,  such  as  those  in  the  tail  of  the  monsi^  t^r  rat,  or  a 
portion  only  of  a  larger  one  is  extmdned  under  the  microsrM.pi%  and  a 
little  dilute  acetic  acid  is  cautiously  added,  A  peculiar  shape  is  im- 
pressed upon  these  cells  by  the  close  packing  of  tlie  tendon  bundles,  fur 
although  they  may  look  f|nadrangular  or  oblong  when  the  tenrlon  is  Wcwed 
longitudinally  (figs,  GH,  (;*)),  yet  when  it  is  cut  acroea,  they  have  a  stellate 
appearance  (figs.  (J3,  70),  for  hke  other  flattened  connective  tistjue  cells, 
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qr  send  lamellar  extensiong  into  the  interstices  between  the  contiguous 
ndles,  whilst  the  middle  of  each  cell,  containing  the  nucleus,  lies  in  the 

Kg.  69. 


F^     69. — ^BlOBT  OBLLS   FROM   TBI   SAME   TSNDOIT  AS  RKPRKSBRTKD  JM  FlQ.    68. 

Maohified  425  diamktsrs.     (B.  A.  S.) 

he  Boclei,  witb  their  nomerooa  nucleoli,  were  deeply  coloured  by  the  logwood.  The 
i  fines  on  the  surface  of  the  cells  are  the  optical  sections  of  lamelliff  extensions  directed 
ndi  or  nway  from  the  obsenrer. 

pilar  apace  between  three  or  more  bundles.  When  the  tendon-cells 
I  Tiewed  longitudinallj,  any  of  the  lamellar  extensions,  which  are 
ecfeed  either  towards  or  away  from  the  observer,  appear  as  lines  on  the 
■fcoe  of  the  cell  (fig.  69).  The  same  appearance  is  often  seen  upon  the 
tteoed  oeUs  of  the  denser  forms  of  areolar  tissue,  where  the  cells  have 
SQ  aqueezed  in  between  three  or  more  bundles. 
Vmc&  tendon-cell  consists  of  a  delicate  protoplasmic  body,  thicker  at  the 
ste  ajBui  thinning  off  in  the  extensions,  and  containing  a  flattened, 
md  or  OTal,  clear  nucleus,  with  several  nucleoli.  The  ends  of  adjacent 


p.  70. — ^Trajtstrrsi  srotioh  or  trrdoh  or  moitsr's  Fig.  70. 

KAIL  STAIRKD  WITH  LOGWOOD.  175  DIAMRTRR8. 
[S.  A.S.) 

Fbe  flattened  processes  of  the  tendon-cells  (which  are 
iaed  deeply  by  logwood)  appear  in  section  as  lines,  fre- 
satly  coming  off  at  right  angles  from  the  body  of  the 
L  The  bundles  of  fibres  are  not  represented  ;  they 
t  ftirj  irregular,  and  but  incompletely  separated  by  the 
r>pft>ce8Be8. 

Ds  are  in  close  apposition,  and  form,  as  before 
iticed,  long  chains  of  cells  in  the  tendon,  and 
e  nucleus  is  generally  so  situated  towards 

le  end  of  the  cell  as  to  be  in  close  proximity  to  the  nucleus  of  an  ad- 
oent  cell ;  they  thus  present  the  appearance  of  being  arranged  in 
irs  (fig.  69).  Here  and  there  a  third  nucleus,  with  a  small  amount  of 
otoplasm,  may  be  seen  interpolated  between  two  such  cells. 
The  lamellar  extensions  of  the  cells  do  not  always  end  with  an  even 
le,  bat  are  themselves  often  prolonged  into  fine  branches,  which  pene- 
ite  still  fiarther  into  the  ground-substance  which  separates  the  fibre- 
ndles  of  the  tendon  from  one  another. 

In  the  pure  elastic  tissiie,  such  as  that  which  constitutes  the 
;amentnm  nuchas  in  animals  and  the  ligamenta  subflava  in  man, 
is  generally  stated  that  cells  are  altogether  absent.  Schwalbe  finds 
I  tiie  contrary  numerous  flat  connective  tissue  cells  scattered  in  the 
onnd-snbstance  which  Ues  between  the  elastic  fibres  ;  the  cells  being 
ten  in  close  apposition  with  the  elastic  fibres,  but  never  in  continuity 
ith  them,  as  was  described  by  Thin. 

F  2 


CONXECTIVE  TISSUES. 


VmmIs  maA  VtrvMi  of  <kmiiaothre  Tissue. — ^Altihongh  Uood- 
^ismcIa,  lyuiphatic^,  and  nerves  are  everywhere  conveyed  in  the  azeotel 
Ussos  t4i  tiio  iilacea  where  the^  are  to  be  distribute,  very  few  blood- 1 
t^lMariiM  arc  ueatined  for  the  tissne  itself,  although  abundant  lymphatiej 
iiktMoi-kM  are  present  in  many  parts ;  especially  in  the  sabcntai 
»utuM3i'(>uji  and  submucous  tissues.  It  is  uncertain  whether  nerves  I 
iiulc  ill  the  areolar  tissue.  It  may  be  cut  in  a  living  animal  appaien%| 
Hillidut  giving  pain,  except  when  the  instrument  meets  witn  tboaJ 
biuiichen  of  nerves  which  traverse  the  tissue  on  their  way  to  other  pu' 

'I'lio  fibrous  tissue  receives  blood-vessels,  but  in  general  they  i 
tiUMiiiHidorublu  both  in  number  and  size  comptured  with  the  mass  of  tia 
1(1  wliioh  they  belong.  In  tendons  and  ligaments  with  longitudinl  1 
litMiic.uli,  ttie  chief  branches  of  the  vessels  run  parallel  with  and  betweei 
till)  larKi^r  fasciculi,  and,  sending  communicating  branches  across  ttie^ 
iiviiiittuilly  form  a  very  open  network  with  large  oblong  meshes.  Scnsi 
niiroiiH  membranes,  as  the  periosteum  and  dura  mater,  are  much  mon 
VHMMiliir  ;  but  the  vessels  seen  in  these  membranes  do  not  strictly  bdoqg 
Ut  tlHJin,  Ixsing  destined  for  the  bones  which  they  cover. 

Lymphatics  are  contained  in  great  abundance,  as  Ladwig  and 
Hc.liwtii^gcr-Seidel  showed,  in  the  enveloping  areolar-tissue  shes^  ol 
litiulons  and  aponeuroses,  where  they  form  plexuses  with  polygonal  mesho. 
In  addition  to  these,  a  close  network  of  lymphatic  vessels  with  elongated 
lueHhcs  may  be  injected  in  the  deeper  parts  of  the  tendons,  where  they  nm 
in  ttie  })enetrating  areolar  tissue.  Sometimes,  as  in  the  central  tendoncf 
tliu  diaphragm,  lympihatic  spaces  separate  the  tendon  bundles  from  one 
another.  A  connection  no  doubt  subsists  between  these  lymphatics  and 
the  cell-spaces  of  the  fibrous  tissue :  and  it  has  been  sugrated  thafc 
tiie  lymphatic  vessels  of  the  tendons  are  partly  concerned  in  uie  remoWl 
of  lymph  from  the  muscles,  in  which  the  existence  of  lymphatic  vesadi 
has  not  hitherto  been  recognized. 

Tlie  penetrating  areolar  tissue  of  tendons,  like  the  same  tissue  die* 
where,  possesses  areolae,  which  here  take  the  form  of  elongated  cleft% 
and  those  mav  also  partly  serve  for  the  passage  of  lymph. 

Many  tendons  and  ligaments,  and  some  fibrous  membranes,  have 
been  shown  to  possess  nerve-fibres,  which  course  for  the  most  paot  in  a 
direction  parallel  with  the  fasciculi  and  mav  terminate  in  a  special 
manner  within  these  tissues,  as  will  be  noticed  when  the  periphery  dis* 
tribution  of  nerves  is  described. 

As  to  elasUo  tissue,  the  yellow  hgaments,  which  contain  this  in  its 
purest  form,  are  but  scantily  supplied  with  blood-vessels,  those  that  are 
present  running  in  the  interstitial  areolar  tissue  between  the  elastio 
bundles.  The  lymphatic  vessels  also  course  for  the  most  nart  longi- 
tudinally in  the  interstitial  areolar  tissue,  being  conncctea  here  and 
there  by  transverse  branches,  and  in  addition  to  these  vessels  the  lymph 
may  be  conveyed  by  means  of  the  elongated  areote  of  the  same  tissue. 
Neither  blood-vessels  nor  lymphatic  vessels  actually  penetrate  into  the 
jmall  bundles  of  elastic  fibres,  although  the  lymphatic  vessels  often  lie 
close  against  the  surface  of  the  bundles. 


EETIFORM   TISSUE. 


BFSGIAIi    TABIXTISS   OF   GONNXOnVB    TIBETCTII. 

L— At  an  early  period  of  development  connective  tissue  consists  of  a 
I  idbdd  jellj  and  nucleated  corpuscles.  The  soft  watery  jelly  contains 
:  m  diemical  principle  of  mucus,  or  mucin,  and,  in  much  less  proportion, 
muKj  bnt  not  gelatin.  In  the  general  course  of  development  of  the 
le,  fibres,  both  white  and  elastic,  are  formed  in  the  soft  matrix,  and 
§mitf  obecnre  or  obliterate  this  substance  in  a  great  measure.  But  in 
flatHn  cases  the  course  is  different.  The  cells  may  disappear,  only  the 
jdf  remaining,  as  in  the  vitreous  humour  of  the  eye ;  or  the  corpuscles 


Fig.  71. 


Fig.  71.--JBL1Y  OF  Wharton  (Banvier) 

f,  run\&^   cells  intercommunicating  by  their  branches  ;    I,    a  row  of  leucocytes  or 
ta^Horj  cells  ;  /*,  /,  fibres  coursing  through  the  ground-substance. 


Mr  branch  out  and  join  together  in  form  of  a  network  in  the  jelly,  with 
tk  DQclei  persisting  at  the  spots  whence  the  threads  diverge.  The 
■Vibrtissae  surrounding  and  imbedding  the  vessels  in  the  umbilici 
oori  of  the  fcL'tus  consists  of  fusiform  and  ramified  corpuscles  asso- 
QMid  with   white  fibrillar  bundles  and  clastic  fibres,  along  with  a 

Stity  of  the  original  soft  matrix,  which  is  persistent  at  the  time  of 
.    The  tissue  is  here  known  as  the  jelly  of  Wharton  (fig.  71). 
Connective   tissue  of  this  nature  is  known  as  jellylike  or  xnncoiui 


1 — In  other  cases  the  matrix  disappears  or  liquefies :  and  the  ramified 
fwpcscles  unite  together  into  a  reticular  or  fine  trabecular  structure 
(fisr.  7 'J) :  either  retaining  their  nuclei  m  at  a,  or  losing  them  and  then 
S-rminj:  a  fine  network  of  simple  fibres  without  nuclei  as  at  b,  Some- 
tiin*^  the  pnxx^ses  of  the  cells  are  flattened  out,  and  then  sections  of 
tii^  tisisue  have  a  somewhat  honeycombed  appearance. 

That  the  tissue  is  constructed  of  ramified  corpuscles  is  shown  by  its 
Tri'hatandinf^  lx)iling  in  water,  whilst  it  readily  dissolves  in  hot  alkaline 
i"i'jti'.ns,  whereas  if  the  fibres  composing  the  network  were  of  the  white 
f-r  .f  the  elastic  variety,  they  would  behave  differently  under  such 
trv^mii-^nt.     Nevertheless  as  Bizzozero  has  pointed  out,  the  branched 


n 
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cellB  of  this  tissue  are,  in  some  situations  afc  Icafit,  if  not  in  all,  wrap 
round ismall  anafltomosinj!:  bundles  of  connective  tissue  filires* 

To  a  tissue  which  is  tlios  formed  of  branehed  eellsi  united  into  a  l 
work,  the  term  retifanu  or  reticular  tissue  is  apph'ed  :  it  h 
known  m  adenoid  tissue. 


Fig.  72.  F%.  72.— Thin     section     na 

tun     ottETie^L     PART     or  I 

(His.) 

a,  h,  network  of  fine  inbeeob 
formed  hy  rptiform  or  adendU 
tuiiue,  from  the  ruesbes  of  vbidh 
the  lym  I  ill -corpuscles  lu&vo  btw 
woMbcd  out,  except  at  Cy  whn 
they  ajxJ  left. 

In  many  situations  the 
meshes  of  the  retiform 
tissue  are  oceupied  bf 
numerous  corpuscles  which 
closely  resemble  the  pale 
blood-  or  lymph-corpuscles,  bnt  have  a  relatively  lar^i^cr  nucleus,  and  less 
jvrotoplasm  than  those.  They  are  knt>wu  m  bimphokl  alfs^  aru!  the  tisane 
containinjc  them  is  tenned  lymphoid  or  lymphatic  tissue.  In  thifl 
f(jrm,  retiform  tissue  is  found  composing  the  ^^reaterpart  of  the  lymphatic 
p^lands,  and  other  structures  allied  to  them,  such  as  the  solitary  and  la- 
minated f^lauds  of  the  ititestincT  and  the  similar  structures  in  the  tonsilB 
and  elsewhere.  Moreover,  the  alimentai7  mucous  membraije  is  in  great 
mcaflure  composetl  of  the  same  tissue,  aixti  it  occurs  also  in  other  mucous 
membranes  aud,  in  the  form  eitlier  of  clou  gated  tmcts  or  of  isolated 
nodnles,  in  mauy  parts  t  if  the  serous  meiuhranes.  1  n  the  spleen,  the  m- 
tei-sticcs  of  the  retiform  tissue  are  for  the  most  part  occupied  by  blood, 
instead  of  by  lymph  as  elsewhere.  In  organs  into  the  constnieticui  of 
which  this  tissue  enters,  it  serves  as  a  aupptirting  framework  to  those 
parts  of  the  organ  into  which  connective  tissue  of  the  ortlinary  kind 
does  not  penetrate. 

3.^ — Another  special  variety  of  connective  tissue  is  met  with  in  the 
form  of  deliciitc  membranes,  and  was  fomierly  supposed  to  be  quite 
homogeneous  in  struetnre*  These  membranes  have*  however,  in  many 
cases  beea  diown  to  be  made  up  of  flattened  cells,  in  close  apposition, 
which  can  be  brought  to  \iew  hj  staining  with  nitrate  of  silver*  This 
is  the  ease  with  the  so -eat  led  basement  membranes  i^r  membrana 
proprise,  which  are  found  under  the  epithelium  of  many  mue^ms  mem- 
branes, and  outside  the  epithelium  of  secreting  glands.  They  form 
therefore  examples  of  an  epithelioid  arrangement  of  couueetive  tissue 
cells.  In  other  cases  the  membranes  in  (juestion  are  of  an  elastic  nature, 
6,  g,  the  posterior  elastic  lamina  of  the  cornea. 


A 


DSVllIiOPlOlHT  O?  COKIflBOTXni   TISSUII^ 

Those  parts  of  the  early  embrjo  in  which  confiective  tiBstio  is  fmbeeqiieDtly  to 

be  developed,  are  at  first  composed  entirely  of  embryonic  celb,  to  aU  appearance 

eimJIiu'    to    thoae   which    con5titiibo    the    m«Hodennio    layer    gencmUy.      Th« 

9  of   importance   that   occurii  in  tho  development   of   blood- veaseli 
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I  fome  of  these  cells  in  the  maimer  that  has  already  been  partly  explained 
(lk.S4),  and  will  be  farther  treated  of  when  those  vessels  have  come  under  oonsidera- 
iioo.  Soon  after  the  development  of  these  primitlYe  blood-vessels  the  embryonic 
I  become  vaon  separated,  bat  retain  for  the  moet  part  a  connection  with  one 
'  by  inteijoining  proceeses  ;  and  the  interstices  between  the  cells  are  now 
fimnd  to  be  filled  with  a  clear  flaid,  which  is  either  produced  by  the  cells  them- 
■dves.  or  derived  directly  by  transadation  from  the  blood-vessels.  This  muco- 
■Ibimunons  floid  sobeettuently  acquires  a  finner  consistence,  and  eventually 
—"*"»•  aa  the  groond-substance. 

In  this  gronnd-substance  fibres  become  developed  of  the  two  kinds,  white  and 
dastic,  bat  the  manner  in  which  they  are  formed  is  by  no  means  clear ;  and  two 
dU^inct  and  opposed  views  are  held  by  histologists  upon  the  subject.  According 
to  llie  one  view,  the  bundles  of  white  fibrils  are  produced  by  a  direct  con- 
of  the  protoplasm  of  some  of  the  ceUs,  the  others  remaining  as  the 
connective  tissue  corpuscles ;  or  it  may  be  that  some  of  the  latter 
At  embfryonic  cells,  layers  of  whose  protoplasm  have  been  successively 
ATerted  into  fibrillar  tissue,  the  ceUs,  meanwhile,  after  each  such  conversion, 
giowxni^  again  to  their  original  size,  and  at  length  remaining  in  contact  with 
Iks  bondle  of  fibres  which  they  have  assisted  to  form.  Similarly  the  elastic 
I  mre  believed  to  be  formed  of  the  processes  of  some  others  of  the  embryonic 
,  which  become  connected  with  processes  from  other  cells,  and  undeigoing 
a  i^aiii  «1  transformation,  produce  the  networks  of  elastic  fibres.  According 
to  Ihe  oilier  view  the  fibres,  both  white  and  elastic,  are  formed  by  a  deposit  in 
Ihe  wtff^^lHilitr  substance,  and  not  by  a  direct  change  of  the  protoplasm  of  the 
edky  with  which  indeed  they  are  not  connected  ;  although  it  is  not  impossible 
ttak  the  deposition  may  in  some  way  or  other  be  influenced,  or  even  caused  l^ 
Oe  pKe-eadsting  oeUs. 
la  frnwaur  of  this  latter  view  may  be  instanced  the  jelly  of  Wharton,  which  is 
/  oomiective  tissue  in  a  particular  phase  of  development,  and  in  which  the 
of  both  kinds  can  be  seen  coundng  through  the  jelly-like  intercellular 
,  apart  entirely  from  the  ceUs  (see  fig.  71,/).  And  further  it  may  be 
1  that,  when  white  fibres  of  connective  tissue  are  developed  in  cartilage, 
it  is  in  the  intercellular  substance  that  they  appear,  and,  so  far  as  can  be  seen, 
\Mej  aie  qnite  unconnected  with  ceUs.  In  the  case  of  the  elastic  fibres,  these, 
IS  dKnm  by  Banvier,  first  appear  in  the  form  of  rows  of  granules  or  globules, 
whkh  subsequently  become  fused  together  end  to  end,  and  are  not  at  any 
liaw  oomiected  with  cells  (Pig.  73).  To  form  an  elastic  membrane,  in  place  of 
bsiai^  ananged  in  lines  the  globules  are  deposited  in  small  patdies,  and  by 

PSg,   7S.  —  Dkvslopxkvt    of  Pig.  78. 

■LASnO    T18SUS     ST     DBP06I- 

Tm     ow     rau    qmamulms 
(Rawikr). 

ff  Boaolifonn  fibres  formed 
ti  iws  of  "  elastin  "  grannies; 
pi,  §a%  platelikff  eiqiaiiBioD  of 

'  i  sobstanoe  formed  by  the     JP  - 
i  d  "  elastin ''  gnuonks. 


their  fonon  the  membrane 
b  foiiDed(/7).  In  dastio 
cartilage  the  grannies  first 
make  their  appearance,  it  is 
feme,  in  the  immediate  neigh- 
bourhood of  the  cartilage- 
Bells ;  but  although  this 
Emders    it     probable     that 

fehe  deposition  of  the  granules  is  influenced  by  the  cells,  it  does  not  prove 
that  they  are  formed  by  a  direct  conversion  of  the  cell-protoplasm.  Indeed, 
the  sobeeqnent  extension  of  the  fibres  into  those  parts  of  the  matrix  which 
■noDB  pceiiouslT  dear  of  them,  and   in  which  no  such  direct  converBion  Oif 
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ceJI-protopIasm  «eeixi8  possible,  is  a  strong-  argument  in  fdTonr  of  the  depoiitioi  i 
hypothesis. 

The  view  which  supposes  tlmi  ft  direct  oonveTsion  of  tho  protojklAEm  of  tk  ' 
coTmective  tissue  cells  takes  place  into  fibres*  both  white  and  elaatio,  lias  of  lile 
years  been  widely  adopted,  but  it  eeefms  to  re^t  less  upon  observation  than  npoai  I 
desixo  to  interpret  the  facts  in  accordance  with  the  conceptiona  of  Beale  and  E  ' 
ScbultzCf  according  to  which  every  part  of  an  organised  body  consists  either  of 
protoplasm  (formative  matter),  or  of  mateiial  which  htm  been  protoplasm  (fonsed 
material),  and  the  idea  of  a  deposition  or  change  occniring  outt^ide  the  cells  intbi 
intezoeUnlar  ffnbstonce  is  excluded.    But  it  is  not  diMcult  to  show  that  a  f  ormatiaft 
of  fibres  may  occur  in  soft  aubstances  in  the  animal  organism,  independently  of  t 
direct  agency  of  cells,  although  the  materials  for  such  formation  may  be  f u 
by  oella.    Thus  in  tJioae  ccdentei-ate  animals  in  which  a  low  form  of  con 
tksae  first  makes  its  appearance,  this  is  distinguished  hy  a  total  absence  of  i 
elements,  the  grcmnd-substance  being  first  developed  and  fibres  becomings  ; 
in  it.    Again,  the  fibres  of  the  shell-membrane  of  the  bird's  egg  are  oertaiulf  ' 
not  formed  by  the  direct  conversion  of  the  protoplasm  of  the  cells  which  liai 
the  oviduct,  although  it  is  probably  in  matter  eecreted  by  those  cells,  and  1 
theii  agency,  that  the  deposit  occurs  in  a  fibrotas  form. 

The  formation  of  the  special  varieties  of  connective  tissue  has  already 
considered  (aee  p«  69). 

Be^neration. — Connective  tissue  appears  to  he  readily  regenerated,  altho 
the  new  cicatricial  tisiue  which  is  formed  in  place  of  that  which  has  been  removed 
by  the  knife  or  by  disease,  is  not  always  of  the  same  character,  either  as  regards  Iti 
cells  or  fibres,  as  the  tiseue  it  replaces.  In  the  course  of  time  the  new  tissue  maj 
aasimilate  itself  somewhat  to  the  old,  but  seldom  to  such  an  extent  that  the  soac 
cannot  be  detected. 

Beoent  literature  of  oonneotive  tiaaue. — BoU,  in  Arch,  t  mikr.  Anat.  VII.  ail 
TIIL,  1871  and  1872.  Ludvng  u.  Sekweigger-Seidel,  Die  Ljnipbgefasse  d.  PsKieii  «. 
Sefancn,  1S72.  FUmming,  Ue.  d.  subcat.  Biadegew.p  &o.,  Virch.  Arch.  LVI.^  187S; 
and  In  Arcb.  f.  mlkr.  Anal.  XIl.,  1S76»  Rimiidf  TiBBamitqacuLX  du  cordon  omb. ,  ArdL  de 
phyiiol.  lY,,  1872  ;  and  Elements  oelltiliurea  da  tisa.  coaj.  likhe,  Compt.  rend*  LXXXIH., 
1^76  ;  sad  ta  Gaz.  nicd.»  1879.  Waldtytr^  tJeber  BindegewebsBel1eD«  Axck  1  mikr,  AnsL 
XL,  187 4.  Key  and  ikUiws^  Studien  in  der  Anatomic  d.  If«rveiiiyst.  a,  d.  Bindeger.f 
1B75.  SatUrtkimite^  On  tho  struct,  snd  deveL  of  conn.  tiA,  snbstanoes,  Moathtj  Mier» 
Journ*  XVI.,  1876.  Arnold,  Sftftbahaea  d.  Biadegew.,  Virch.,  Arch.  LXVIIL,  1876* 
iToAffRann,  HautohenzcUcn  uu  Bindegew,,  Med.  CentralbL,  1370  ;  and  SitzungBb.  d.  bsjer 
Akal.  1876.  Lawmn  Tait,  PreL  note  oa  sust,  of  miil>iL  oord,  Proc  Hoy.  Soc,  1876. 
Schti?albef  Beitr.  x.  Kcnnta.  d.  etast  Qeweb.^  Zeitachr.  f.  Aaat.  a.  Eatw.,  1B76.  Lihctf 
in  Arch.  f.  Aaat  (a.  PkyaioL),  1877  —  1879.  Aforockotc€t:j  Zar  Histochemied.  Bindegeir., 
Beidelb.  Ycrhapdl.,  1877.  Pftuffer^  Elast.  Faser.  anter  Trypsia-Terhaodl,  Arcb,  t  mikr, 
Aaat  XVI.,  1878.  Ehrlick,  Deber  gnuiaJirten  Biudegewebaaellen,  VerhaadL  d.  Bcrl. 
phjijoL  GesellBch.,  ia  Arch.  1  (Anat.  u.)  Pliywol,  1879. 

On  the  structure  of  tendon  ; — Ranvier,  m  Arch,  dc  Physiol.,  1869  and  1874  ;  GiUtr- 
hodt,  in  Med.  GratialbL,  1870.  Mitchell  Bruct,  in  Qti.  J.  of  Mice.  Sci  XIL,  1872; 
Oiaeeii^,  in  Mem.  d.  Aoead.  4  Bologna,  1872  ;  Ponfiek,  ia  Med.  Ceatiall)!.,  1S72 ;  Bt»- 
toserOf  in  MolcscL  Unt^rs.,  1872  ;  Spina,  in  Wiener  Med.  Jahib,,  1873,  and  1876; 
GrunJiaffeny  ia  Arch.  f.  mikr.  Aaat,  IX.,  1873  ;  Sufanini^  S.  etrutt.  d.  teas,  tend^ 
1874  ;  Mtrzoff,  ia  Zeitochr.  t  Aaat.  w.  Eatw.,  1875;  Key  aad  EtUiwt,  in  Nord.  med. 
Ark,  1876 ;  JUnatU,  in  Compt  Rend.  LXXXIIL,  1876  ;  Mayi,  in  Virch.  Arch.  LXXV. 

On  sdiposo  tinae  : — ToUlt^  ia  Wiener  SitzungBb.  LXIL,  1870  ;  Fiemminfft  in  Arch.  f. 
mikr.  Anat.,  1876  ;  and  in  Anch.  L  Anat.  (a.  Physiol.),  1879  ;  Crd^ftton,  in  Joam.  of 
Anat.  and  PhyHioL  X.  1S79  ;  Bof^an^  0.  d:  F,^  Oa  the  dorel.  aud  retrogres&ton  of  the 
Cst-ooU,  Joam.  of  Hoy.  Alicr.  goc.,  1879. 

On  ike  d^velopmrfU  of  €onn€cUve  tiamte: — Breiiauer,  in  Arch.  1  mikr.  Anat,  186d  ,* 
Rollti,  in  Grat.  Uateisnoh.,  1878  ;  Heiismannt  in  Wiener  med.  Jahrh.,  1874  ;  Kcilmannj 
in  MittheO.  d.  morph.-physiol.  GewUseh.  z.  Ittlnchca,  1878  ;  La%dani6^  ia  Compt  rend. 
XOL,  1880  ;  and,  eepeciallj  of  elastic  tistac^,  0.  Ucrtici^,  in  Arch.  f.  mikr,  Anat  IX., 
1872  J  DeuUchnuxnn,  in  Arch.  f.  Anat*,  1874  ;  Manvier,  Tmi/&  techn.,  1876 ;  Gertadk, 
hi  Moiph.  Jahrb.  IV.,  187S. 
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ADIFOSB   TIBSXTa. 

The  bnrnan  bo^  in  the  healthy  state  contains  a  considerable  amonnt 
cf  fiitty  matter  of  different  kinds.  It  exists  in  several  of  the  secretions — 
in  some  constitnting  the  chief  ingredient ;  and  it  enters  into  the  com- 
position of  many  of  the  textures.  But  by  far  the  greater  part  of  the  fat 
of  the  body  is  inclosed  in  small  cells  or  vesicles,  which,  together  with 
their  contained  matter,  constitute  the  adipose  tissue, 

IMstnlmtioii. — ^This  tissue  is  not  confined  to  any  one  region  or 
cn^an,  but  exists  very  generally  throughout  the  body,  accompanying  the 
ml  more  widely  distributed  areolar  tissue  in  most,  though  not  in  all 
puts  in  which  the  latter  is  found.  Still  its  distribution  is  not  uniform, 
ttnd  there  are  certain  situations  in  which  it  is  collected  more  abundantly. 
It  forms  a  considerable  layer  underneath  the  skin,  and,  together  with 
tbe  sabcataneous  areolar  tissue  in  which  it  is  lodged,  constitutes  in  this 
Btuation  what  has  been  called  the  pannictilus  adijwms.  It  is  collected 
in  large  quantity  round  certain  internal  parts,  especially  the  kidneys. 
It  is  seen  filling  up  the  furrows  on  the  surface  of  the  heart,  and  im- 
bedding the  vessels  of  that  organ  beneath  its  serous  covering;  and 
in  Tsoous  other  situations  it  is  deposited  beneath  the  serous  membranes, 
or  is  ooUected  between  their  folds,  as  in  the  mesentery  and  omentum,  at 
first  generally  gathcn'ng  along  the  course  of  the  blood-vessels  and  at 
length  aocomnlating  very  copiously.  Collections  of  fat  arc  also  common 
romd  die  joints,  lying  on  the  outer  surface  of  the  synovial  membrane, 
and  filling  up  inequalities ;  in  many  cases   lodged  in  folds  of  the 

Kg.  74. 


Pig.  74.    A  SXAIli   FAT-LOBULK   FROM   THl  SUBCUTA5K0US  TISSUE  OF   THE  aUIHRA- 

piQ,  xAoanvixD  about  20  diaxbtbrs.     (K  A.  S.) 

a,  nnmn  artery  disiribated  to  the  lobule ;  v,  small  vein  ;    the  capillaries  within  the 
lobale  are  not  visible. 

membrane,  which  project  into  the  articular  cavity.  Lastly,  the  fat 
exists  in  large  quantity  in  the  marrow  of  bones.  On  the  other  hand, 
there  are  some  parts  in  which  fat  is  never  found  in  the  healthy  condi- 
tion of  the  body.  Thus  it  does  not  exist  in  the  subcutaneous  areolar 
tissue  of  the  eyelids  and  penis,  nor  in  the  lungs  except  near  their  roots, 
nor  within  the  cavity  of  the  cranium. 

Blriictare. — ^When  subjected  to  the  microscope,  the  adipose  tissue 
is  seen  to  consist  of  small  vesicles,  filled  with  an  oily  matter,  and  for 
the  most  part  lodged  in  the  meshes  of  the  areolar  tissue.  The  vesicles 
are  most  oonmio^  collected  into  little  lobular  clusters  (fig.  74),  and 
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thtyse  a^in  into  the  little  lumps  of  fat  wkich  we  sec  with  the  nab 
aod  which  in  some  parta  are  ags^gated  into  round  or  irregular 
conBiderablc  magnitude.  Sotnetimee  the  vesicleB,  though  grouped 
have  leas  of  a  elostered  orriingement  ;  as  when  they  collect  alonj 
the  minute  blood-vessels  of  thin  memliranous  parts. 

In  well-nourished  bodies  the  vesicles  or  fat-eella  are  round  or  oval  (fig. 
75),  unless  where  packed  closely  Uigether,  in  which  case  they  acquire  tt 
angular  figure,  and  bear  a  striking  resemblance  to  the  cells  of  vegelabk 
tissues.  The  greater  number  of  them  are  from  ^^-^th  to  ^^^th  of  in 
inch  in  diameter,  but  mojiy  exceed  or  fall  abort  of  this  measure] 
Each  one  consists  of  a  very  delicate  envelope  (m),  inclosing  the  oily  mati 
which,  completely  filltn^^  the  envelope,  appears  as  a  single  drop(/. 
It  often  bapiKjns  that  a  part  of  the  fatty  contents  sohdifies  in  the  dll 
after  death,  forming  a  bunch  of  delicate  needle-shaped  ciyBtals  (f  ' 
75,  c  r). 

The  envelope  is  the  remains  of  the  original  protoplasm  of  the  cell 

Fig.  75. 
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Fig.  75.  A  71W  cncLLS  prom  the  itAiiaiF  or  tua  tat-lobcjli  ripekssittii)  m 

TBI    PHflClDIira   FfOUUK  :  BIOHLT   MAONIFIBI^.       (E.  A.  S.) 

ffft  fftt  globule  diatending  a  fat-cell  ;  n,  niicleuji ;  m,  membranottsi  envelope  of  the  fftl- 
cell ;  r  r,  buncli  of  crfitiLts  wtihin  a  fat-ceU  ;  e^  capillary  Tessol ;  r,  veuule  ;  c  t,  connec- 
tire  tisauo  cell ;  the  fibres  of  ilie  connective  tiHaue  are  not  repreBented. 

is  generally  quite  transparent,  and  apparently  homogeneous.  According 
to  8ome  autboritica  it  consists  of  two  parts,  a  delicate  strnctyrelees 
external  membrane,  and  a  layer  of  finely  granular  proto]>la8m  immediately 
Burrounding  the  fat.  The  nucleus  (n)  is  always  present  in  the  protoplasm, 
but  is  often  so  flattened  out  by  the  preaaure  oi  the  mclosed  oil-drop  n& 
to  he  visible  oidy  with  difliculty. 

The  areolar  tissue  connects  and  BUironndjB  the  larger  lumps  of  fat^  but 
forms  no  e]>ecial  envelope  to  the  smaller  clusters ;  and  although  fine 
fasciculi  and  filaments  of  that  tissue  pass  irregularly  over  and  through 
the  dusters,  yet  it  is  probable  that  the  vesicles  are  held  together  in  these 
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nonps  nudnlj  by  the  fine  network  of  capillary  vessels  distribnted  to 
mm.  In  the  marrow  the  connectiTe  tissue  fibrils  are  bnt  few  in  nnm- 
ber  or  may,  it  is  said,  be  absent  altogether. 

The  adipofie  tissue  is  copiously  supplied  with  Uood-vasseUi.  The 
luger  branches  of  these  pass  into  the  fat-lumps,  where  they  ran  between 
tiie  lobules  and  subdivide,  till  at  length  a  little  artery  and  vein  are  sent 
to  each  small  lobule  (fig.  74,  ^,  v),  dividing  into  a  network  of  capillary 
wnels,  whidi  pass  between  the  vesicles  in  all  directions,  supporting  and 
eonnecting  them.  The  lymphatics  of  the  &t  are  in  close  relation  to 
tbe  blood-Tessels,  accompanying  and  occasionally  completely  enclosing 
them  as  they  enter  the  lobule.  No  nerves  have  been  seen  to  terminate 
in  this  tissue,  although  nerves  destined  for  other  textures  may  pass 
Ihioiigh  it.  Accordij^ly  it  has  been  observed  that,  unless  when  such 
taversing  nervous  twigs  happen  to  be  encountered,  a  puncturing  instru- 
ment may  be  carried  t£*ougn  the  adipose  tissue  without  occasioning  pain. 

Derelopinent. — The  fat  first  appears  in  the  human  embryo  about  the 
loDZteenth  week  of  intra-nterine  life.  It  is  deposited  in  the  form  of  minate 
gxannles  or  droplets  in  certain  cells  of  the  connective  tissue  (figs.  76,  77,/,/') : 
these  drofdets  increase  in  size,  and  eventnally  run  together,  so  as  to  fonn  one 
Uigt  drop  in  each  ceU.  By  farther  deposition  the  cell  becomes  swollen  oat  to 
a  siae  far  bejond  that  which  it  possessed  originally,  and  its  protoplasm  remains  as 
a  delicate  enyelope  sarroanding  the  fat-drop.    By  the  end  of  the  fifth  month 

Fig.  76. — Dbpositioh  or  fat  nr  oohvbotiys  Fig.  76. 

Tissca    cxus    or    thb   vkw-borh    rat. 
(K.  A.  S.) 

/  /,  iai  oeUs ;  A,  bamapoietic  oeU. 

the  fat-cells  have  largely  increased  in 
namber.  and  have  become  collected  into 
small  gronpa. 

The  deixwit  of  fat  within  the  cells  is 
pfeoeded  and  accompanied  by  the  forma- 
tion of  a  rich  networic  of  capillaiy  blood- yeesels  (fig.  77),  which  are  prodnoed  by  a 
tonaf QEination  of  other  cells  of  the  tissae  in  the  manner  previoasly  deecribed 
(S.34). 

Pig.  77. 
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Pig.  77.  Dipoeinox  of  fat  ih  oohitmtive  tissue  cills.    (E.  A.  S.) 
/,  a  eeU  with  a  few  isolated  faiKiropIets  in  its  protoplasm ;  /,  a  cell  with  a  single 
k^  and  sereial  minute  dropa ;  /',  fusion  of  two  large  drops  ;  g,  granalar  cell,  not 
j«l  exhibiting  aay  fid  deposition ;  e  t,  flat  oonnective  tissue  corpuscle  ;  e^  c,  network  of 
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The  fat  ia  often  deposited  in  the  granular  e^ll;^  of  the  oonn^tive  tiasne, 
being'  usually  found  in  great  abuatlance  in  tho«e  ^itmitions  in  whioh 
becoming  developed  (%.  77).  Fiometiines,  howeveXt  the  deposition  takes 
the  more  ordinary  connective  tisane  cells  (fig.  76,/),  or  in  eells  which  are  apfAr* 
rently  int^rmediatiC  between  these  and  the  granular  cells,  tM?injgf  ronnded  like  tht 
lattycr,  but  LM>usirttiug  of  a  much  clearer  protoplasm  (fig.  H*,/').  When  deposited 
in  ramifit^l  or  flattened  cella  these  Bctfuire  a  spherical  Khape  ns  they  enliuge*  IB 
conj<equence  of  the  diBtension  produc^^d  b}-  the  aecumulating  fat. 

The  fat  in  some  parts,  and  e^ecially  in  the  serous  membranes,  is  formed  it 
the  espenBe  of  pre-existing  lymphatic  tissue ^  the  lymphoid  celb  probably  becoming 
enlarged  and  trannformed  inti>  fat  celLn,  wkilst  a  considerable  development  of 
blood-TesselB  aceompauiej^  the  change.  A  similar  transformation  is  al^owitiieMd 
in  the  thyraus  gland,  which,  in  the  foetus  and  infaut,  is  chiefly  composed  of  lym- 
phoid tl^jjuc.  but  m  growth  proceetl-*  Iwcouies  wholly  converted  into  a  ma^s  of  fat 

The  superlicittl  retM?mblauoe  which  adipcse  tissue  often  bears  to  many  glands, 
in  its  lobulated  structure  and  the  arrangement  of  ita  blood-vessels,  has  led  Bonw 
histologrifit^  to  look  nix>n  the  fat-cell  as  a  cor|>uscle  of  speciic  nature,  and  totally 
distinct  from  any  other  kind  of  cell  met  with  in  the  cjonneetive  tiftsue^  But 
againiit  this  view  it  may  l>e  urgwl  tliEit  the  situations  in  which  fat  is  deposited  are, 
previoasly  to  it«  appearance,  in  no  way  dit?tinguishnble  from  the  rest  of  the 
areolar  tissue  ;  that  the  cell^  in  which  it  in  produced  are,  so  for  as  con  be  86en» 
the  same  as  those  which  are  met  with  in  almost  all  parti»  of  the  areolar  tlsao; 
and  further;  that  whrn  from  any  natural  cau!*e  the  fat  is  entirely  removed  from 
the  cells  cf  apart  and  not  again  deposited  in  them.  thc>  part  eventually  acquires 
all  the  ordinary  characteristics  of  the  areolar  tissue.  The  great  development  of 
bk>od-ye«sels  in  adipose  tissue  is  obviously  related  to  the  ftitiction  which  it  Bub- 
■erv«e  m  stodng  up  the  fatty  materials  derived  from  the  footl  in  fe*ucli  a  fonii 
and  sitnation  as  to  be  readily  re- absorbed  into  the  circulation  when  needed.  More- 
over ^  fat  may  be  depoeited  in  other  kinds  of  connective  tissue  than  the  areolar,  and 
erea  in  the  cells,  a|^^|p|ke  epithelia. 


J   #'  '^.  \ 


PIGMENT. 


An  accumulation  of  coloured  pij2:mcnt-graniiles  is  met  with  in  mftny 
cells  of  tbe  animal  twdy,  but  most  freqiieotly  in  epithelium-cells  and  in 
cells  belonging  to  the  connective  tissue.  A  well-uiarked  example  of 
pigmented  epitbeliom-cells  in  the  human  Iwdy  m  allbrded  by  tlie  black 
coating  which  forms  tbe  external  layer  of  tbe  retina  of  the  eye,  and 
coYera  tbe  posterior  surface  of  the  iris.   Dai'k  pigment  is  also  met  with  in 


Fig.  78. 


Fig.   78. — Rahifikd  cells,    fbom    the    Tifflui   or  thi 
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(KoUiker). 
ri,  cells  witli  pigment ;  &,  celourlesa  fufiiform  cella. 


the  deeper  kyei's  of  the  cntickv  especially  in  tl 
coloured  races,  and  in  certain  epithelial  cells  of 
the  membnuions  labyrinth  of  the  ear,  and  the 
olfactory  region  of  the  nose  (combined  in  the 
latter  ciisc  uitb  brownish  yellow  pigment). 

Ill  the  connective  tissue  tbe  pigment  ia  met  with 
in  enlarged  and  irregularly  l>rauche<l  corpuscles 
which  are  ttTmed  pigment-cella.  Such  ramified 
cells  arc  very  common  in  many  animals.  In  the 
hunum  IxxJy  cells  of  this  description  are  found  in 
tbe  dark  tissue  on  the  outer  surface  of  the  choroid  coat,  (fig.  7S,aa)Jn  the 
iris,  where  they  are  often  \  aritiusly  cohmred,  and  on  the  pia  mat^r  covering 


h^ 


^il 


the  upper  jiart  of  the  spinal 


uusiy 
cord. 


Pigment  is  also  found  in  some  of  th< 


ome  of  tmM 
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which  form  part  of  the  retiform  tissue  of  the  mednllary 
I  of  Ijmphatic  glands^  and  occasionally  in  eome  of  the  Bimilar 
tike  spleen.     It  may  aUo  be  seen  in  migratory  cells,  but  thia  la 
nu  in  pathological  conditions. 

aent,  strictly  so  called,  which  is  contained  within  the  cells, 
iB  of  blac^  or  brown  granuJes  or  molecules  of  a  round  or  oblong 
^  ,  and  almost  too  small  for  exact  measurement.    These  molecules 
fimsKiy  packed   together  in  some  cells  ;   in  others  they  are  more 
and  thea  it  may  be  seen  that  there  is  a  certain  amount  of 
tnatt^^r  included  along  ivith  them.     When  thej  escape  from 
ceilg,  they  exhibit  Tery  strikingly  the  **  Brownian  '*  mole- 
InoremeiLt  ;  and  in  consequence  of  this  movement  the  apparent 
the  particles  is  subject  to  change,     It  is  worthy  of  remai'k, 
.  Tiewed  Biogly  with  a  very  high  magniJying  power  they  look 
.  and  almost  colourless,  and  it  is  only  when  they  are  heaped 
:  that  their  dark  colour  distinctly  appears.   The  nucleus  of  the 
ell  is  not  coloured,  but  is  Tery  often  hidden  from  view  by  the 

6  lower  animals  remarkable  movements  arc  often  observed  in  the 
waaBed  {Ugment-cella,  #.^«,  those  of  the  frog's  skin.  In  these  the  dark 
paieki  ct  pigment  are  at  one  time  dispersed  through  the  whole  cell 
1  its  brrnicSeB^  but  at  another  time  they  gather  into  a  heap  in  the 
kl  part,  leaving  the  rest  of  the  branched  cell  vacant,  but  without 
Hoatioii  of  ite  figure.  In  tbe  former  case  the  skin  is  of  a  dusky  hue  ; 
a  Alt  latter,  pale.  The  aggregation  of  the  pigment-molecules  can  be 
OBtei  througn  the  nerves,  tM3th  dh'ectly  and  also  in  a  reflex  manner,  as 
r  die  ttimnlofl  of  light  upon  the  retina. 


CABTmAGE. 


M  Ikii  it  the  well-known  aubstance  commonly  called  **  gristle,"  The 
H  Ubwiag  ire  its  more  obvious  characters.  When  in  mass,  it  is  opac^ue 
^  aidef  a  pearly  or  bluish  white  colour,  in  some  varieties  yellow  ;  but  in 
Aitfllleea  it  ia  translucent.  Although  it  can  he  easily  cut  with  a  sharp 
Uk,  tt  is  DfiTertheleas  of  very  firm  consistence,  but  at  the  same  time 
hfi^  elastic,  so  that  it  readily  yields  to  pressure  or  torsion,  and 
MediaU-Ij  recovers  its  original  shape  when  the  constraining  force 
svtibdrawn.     By  reason  of  these  mechanical  proijcrties,  it  serves 

Ttaai  porpoees  in  the  constniction  of  some  parts  of  tbe  body. 
the  carlj  embryo  tbe  skeleton  is,  in  great  part,  cartdaginoua ;  bu* 
Ae cartilage  forming  its  diflerent  pieces,  which  have  the  outward  fonn 
if  tfas  fbtore  bones,  in  due  time  undergoes  ossification  or  gives  place  to 
loHb  ia  the  greater  part  of  its  extent  at  leasts  and  hence  this  variety  of 
ortflafe  is  named  "  temfiorary,"* 

Of  Che  permanent  cartilages  a  great  many  are  in  immediate  con- 

md^aik  wiin  bone,  and  may  be  still  said  to  form  part  of  the  skeleton, 

Tbi  chief  of  these  are  the  articular  and  the  costal  cartilages;  the 

oorer  the  ends  or  Burtuces  of  bones  in  the  joints,  and  affijrd 

harder  parts  a  thick  springy  coating,  which  breaks  the  force  of 

i  ana  gives  ease  to  their  motions ;  the  costal  or  rib<'artilages 

a  ooiDsidcrable  part  of  the  solid  Ixamework  of  the  thorax,  and 

ebiscicity  to  its  walls.     Other  permanent  cartilages  enter  into 

1  of  the  external  ear,  the  nose,  the  eyelids,  the  Eustachian 
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tube,  the  larynx,  and  the  windpi|>e,    Tbey  Btrengthen  the  BnbsteDOtj 
these  parts  ^dthout  undue  rigidity;  maintaining^  their  ehape,  ke  ^ 
0]KMi  the  paasageB  throu):^h  them  where  siieh  exist,  and  giving  attarf^ 
ment  to  movinji:  nmscles  and  connectiufj  h'^ments, 

Cartrlajres,  except  those  of  the  jointii,  are  covei-ed  externally  with  t 
vaBCular  librous  membrane  named  the  periehmitlrhim. 

When  a  very  thin  sb'ce  of  eartiltige  is  examined  with  the  microscope. 
it  is  Been  to  ecmsiat  (vf  nnch^'ited  cells,  disseminat'ed  in  a  solid  maffi  or 
matrix  (fig.  80).  Tlic  matrix  is  sometimes  transparent,  and  to  all 
appearance  homogeneous;  sometimes  dim  and  very  faintly  granular, like 
p-onnd  gla*3s :  both  these  conditions  occur  in  hyaUne  mrtilage^  which 
may  be  rc^rded  as  the  most  typical  fbnn  of  the  tissue.  Two  varietieR 
exist  in  which  the  matrix  is  pervaded  to  a  greater  or  less  extent  by  fibres. 
In  the  one  named  ehtalk  or  f/flh)tr  fibrO'Carillage^  the  fibres  are  similar 
to  those  of  elastic  tissue  ;  in  the  other,  named  white  Jihre-mriHage,  thej 
are  of  the  white  kind  as  in  ordinary  ligament. 


HTAIjINE     OABTIIjAai:. 


gtgnotur#.^lQ  hyaline  cartilage  the  matrix,  as  just  stated.  Is 
uniform,  and,  when  cxaniincd  ft'csh,  usually  apixmrs  fi-ee  fi^om  fibres. 
Like  the  gronnrl-sidjstance  or  matrix  of  connective  tiysne,  it  becomoi 
stained  brown  l>y  nitrate  of  silver  and  subsecjuent  exposure  to  the  light. 
The  cells  consist  of  a  rounded,  oval,  or  bkmtly  angular  ceU-hody  of 


Fig.  n. 


Fig.  7&.  —  A  CAUTILAOK   CKLL   IW  THE  LIT  IN  0   STATE,    moM 
THE    SA.Ld.MA.NDE&.       HlGHLV    XAO^tPlEtt  (Fkminitlgjw 


tur^a 


translucent   protc^plasm,    eml}edded    in   which  J 
are    fine  curvilinear  interlacing   tiljiinents  and! 
minute  granules  (fig.  79),  with  a  round  fttfclem^. 
which  is  either  clear  with  one  or  more  nttcleal^l 
or,  more  commonly,  is  occupied  by  a  network 
of  nucleopliism,  which  produces  under  a  loirl 
power  of    the  microscope   a  granular    eftcct*' 
The  cell-body  lies  in  a  cavity  of  the   matrix,  which,  in  its  natural 
condition,  it  entirely  fills.    This  cavity  is  bounded  and  inclosed  by  a 
tranajmrcnt  rapstde^  which  is  seldom  oltvinna  to  the  eye,  for  it  coheres! 
intimately  with  the  surrounding  matrix,  with  which  it  agrees  in  natu 
and  cannot  usually  ^»e  distinguished  without  the  aid  of  re-agents. 

By  ex]x>flure  to  water  and  some  other  liquitls,  as  well  Jis  tu  the  action 
of  electric  slioeks,  the  cell-body  shrinks  away  from  the  inside  of  the 
capsule,  and  assumes  a  jtigged  or  otherwise  irregular  figure,  and  then 
may  hide  the  nncleuB  (fig.  82).  It  often  contains  larger  or  smaller  fat- 
globules  (fig.  «0,  r/). 

The  cells  of  trartilage  appear  to  contain  glycogen,  for  they  are  coloured 
reddish  brown  by  iodine  (!vetmiann). 

They  are  rarely  dispersed  singly  in  the  matrix;  most  ec^mmonly 
occurring  in  groups  of  two  or  morc.  Wlien  dis]^K>sed  in  pairs  (as  at  <i, 
fig,  80)  the  cells  arc  genenilly  triangular  or  pyramidal  in  form  with  j 
rounded  angles,  and  with  their  bases  opposite  one  another ;  in  the  | 
larger  grou[»s  (b)  the  cells  have  a  straight  outline  where  they  adjoin  of 
approach  one  another,  hut  at  the  circumference  of  the  group  their  out- 
line is  rounded.    Towards  the  surface  of  the  cartilage  tfae  groups  are 
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Eahrtanoe  in  which  they  are  embedded. 
MrtcfcUigigtB  hare  described  a  network  of  exceedingly  fine  ramified  canolB 
iziff  the  cartilage  matrix,  and  effecting  a  oomnmniication  between  the 
lOAp  Up  to  the  present  time,  howeTer,  the  existence  of  nuch  antwtomosing 
■  tma  BOi  been  oonclnAvelj  proved^  althongh  often  aKSttmed  in  order  to  ex- 
m  mamier  in  which  nutritive  phuima  penetrates  the  matrix  of  cartilage  to 

tiseiOs^  Bodge  endeavonred  to  demonstrate  the  existence  of  canalicuU 
ooloitred  injecting  fluid  into  the  substance  of  cartilage,  but  the  result 
■pfviment  was  not  condonve.  It  ha^  also  been  attempted  to  ahow  them 
o-called  natural  method  of  injeijtion,  that  is  bj  allowing  indigo-carmine 
b^an  inten^j  blue  ookmr)  to  mix  with  the  circulating  blood  of  ammala, 
fter  m  luna  wre  MUed  and  the  cartilages  examined.  Proceeding  in  thifi  way^ 
,  waa  unable  to  aee  imy  bine  channebt  in  the  cartilage  matrix,  while 
on  the  other  hand,  obtained  result*  from  which  he  was  led  to  infer  the 
se  erf  mintite  defHike  epacen  thronghoot  the  matrix  connected  by  fine 
^  fafcnalMynH  on  the  one  hand  with  the  lymphatics  in  the  perichondrium. 

Kodlier  hand  with  the  oell-gpaces  of  the  cartilage, 
the  gtmctnre  of  hyaline  cartilage  in  general,  but  it  is  more  or 
pdified  in  different  eittiatioiis. 


CARTILAGE. 

In  arikuhr  mrUIofjef  the  matrix  ib  a  tliiii  section  appears  dim^ 
^onnd  glass,  having  soraetimeft  an  almost  granular  asiH}€t.    The 
and  cell-groups  are  smaller  and  Eiore  dispersed,  as  a  rule,  than  in  rih-t^-l 
tilage.     Ab  is  the  case  also  witli  the  cartilage  of  the  rihs,  the  groujisai! 
flattened  at  and  near  to  the  Burface,  and  lie  parallel  with  it  (fig.  81,  ni; 

Fig.  81. 
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Pig.   81. — VBllTtCAL   SKCTMX     UF     AHTICFLAR    CARTILAOE    COVERINO    TITB    LuWBR    MlTD 
THE   TIBIA    (liCMAs).       MaOXIFIED   AHOUT    30    DIAMKTEB3.       (K   A.   S.) 

a,  cells  and  oell-groupa  flattened  oonformalily  u  itli  the  surfAco  ;  h,  ccU-groiipn  frregih  ' 
larly  arranged  ;  c,  coU-grotipA  diapoaod  porijenilicularly  to  tLe  unrface  ;  rf,  layer  of  ciJd- 
fied  cartilage  ;  e,  bone. 

deeper  and  nearer  the  bone,  on  the  other  hand,  they  are  narrow  and 
oblong,  like  short  irregular  strings  of  beads,  and  are  mostly  direct4^ 
vertio^Uy  (fi^,  HI,  r).  It  is  well  known  that  artienlar  cartilages  readily 
break  in  a  direction  perpend ieolar  to  theh'  surfaee,  and  the  surface  o( 
the  fractures  appears  to  t!ic  naked  eye  to  be  striated  in  the  same  dii^ec- 
tion,  m  if  they  had  a  eohminar  sirueture ;  this  may  be  due  to  the 
vertical  arrangement  of  the  rows  of  cells,  or  to  the  substance  of  the 
matrix  being  disposed  in  a  filiroiis  or  columnar  manner  (Leidy).  It 
waa  fonnerly  !ield  that  the  free  surface  of  artienlar  cartihige  is  covered 
with  epithelium,  Imt  no  such  covering  really  exists.  It  is  easy,  no 
doiiljt»  to  peel  ofl'  a  thin  film  from  the  surface  of  the  cartilas^e  of  the 
bead  of  the  luHiierus  or  femur ;  but  this  suju^rficial  layer  is  really  part 
of  the  CMrtilage,  and  its  broad  ]mtche8  of  cells  with  the  intermediate 
matrix  are  not  to  Ik*  njislstktu  (fig.  s:!). 

Near  the  margin  of  the  articular  cartilages  connective  tissue  is  pro- 
longed a  certain  way  into  them  h\mi  the  synovial  membrane,  and  the 
c^rti  I  age-cells  acijuire  processes  aufl  present  traniiitions  to  the  connective* 
tiesue  corpuscles  of  that  membrane  (tig.  83). 

The  matrix  of  articular  cartilage  rarely,  or  perhapB  never,  becomea 
oonverted  into  fibro-cartilage,  nor  is  it  prone  t-o  ossify  like  rib-cartilage. 


HYALIXE    CABTILAGE. 
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raitopontof  calcai^ons  gnrnules  niay  occur  in  tlio  deeper  parts  of 
'  irtieolar  cartilage  near  the  bone,  the  deposit  Unit  showing  jtseli* 


L— A  nror  utrmit  Fiiort*  off  prom  the 
»Mi  or  fm  ciJitttAOS  of  the  BXAt>  or 
en  HVMutrs^  bhoituio  ixattskid  oboui's 
If  miia  ^sWpejr). 

Ifti  tkimakmi  cdH-hodits  Aie  distinctly  ■c?n, 
I  ht  lit  MbIIi  of  ibe  Gftpmilftr  caritieft  where  thcj 
•ra    bat  fcuntty  indicated. 


F?g.  82. 


,  ffpoiid  die  groore  of  eiutilage  cells  ffip- 
|L,#).     This  change  maj  also  happi ; 
i  the  ijnii|iii78c«*      When  the  earth} 
aitter  ii  estncted  by  me^iis  of  an  acid; 
ib  tMne    w!  -  *^    ^  mains  has  ail  the 

la  llo  imiaL  <:  /'>^,  the  cells*  which  are  of  ci  nsidcmUe  eizc,  ore 

AacoBBdad  in  ^inij  n  larger  for  the  most  part  than  those  found  iu 
«titihr  eatOage *  ^icar  the  exterior  of  the  cartilage  thej  are  flattened, 
ladfepandlel  with  the  surfaoe.  Ag  to  those  situated  more  inwardly, 
naok  aomfHHm^  observe,  in  a  transverse  slice,  that  they  lomi  oblong 
pNpi  iSupomeA  in  Hues  radiating  to  the  circumference  ;  \mi  thiB 
wmi/tmBEkt  is  not  constant,  and  they  often  appear  quite  irregular.  The 
lAt  wilh  the  exception  of  those  lying  upon  the  Burface,  frequently 
OBlaia  tops  of  oiJ,  the  nucleus  being  often  altogether  concealed  by  the 
fitL  The  matrix  is  clear,  except  where  fihres  ha\'c  \mm  developed 
a  it,  10  vhich  parta  it  is  oimqne  and  yellowish.    Such  iibrous  patches 
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Fig.  83. 


am  i9f  freqnent ;   the 
I    ftis  «m  fiiie,  atraiglit^ 


Ittl  panDd,  appcanng 
taMMml  when  few 
toolbar  I  Ihey  are  not 
wmOok  by  acetic  acid.  It  is  not  uncommon  to  Hud  the  rib-cartilages 
MoMif^fy  oaaified. 
TW  dgacnption  giv**n  of  the  microscopic  characters  of  the  costal 
ovtilafaa  will  apply  with  little  variation  to  the  ensiform  cartilage  of 
Aa  ftermuii,  to  toe  cartils^es  of  the  larpix  and  windpipe,  except  the 
jUoitai  aiid  cx>micala  laijngis,  and  to  the  cartilages  of  the  nose. 
WiOi  the  esoeption  of  the  last,  these  tesemble  the  rib-cartilages  also  in 
^    Jtrir  tendency  to  oasify. 
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The  characters  of  the  temjxjrarj  cartilages,  which  arc  hyaline,  will 
noticed  in  the  account  of  the  tornmtiuii  of  l>oiie. 


KliABTIO    OR    TBIiIiOW    OABTHiAai:. 

The  epij^lottis  ami  corairula  of  the  laryijx,  the  cartila*?es  of  the 
and  of  the  Eustachian  tube,  ditfer  so  much  frooi  the  furegoing,  Ixith  i 
intimate  structure  and  outward  characters,  that  they  have  Ixfcri  inclad 
in  a  class  apart,  under  the  name  of  the  *'  elastic/'  **  jellow,"  or  "  ppong 
cartilages,  Tfiesc  are  opaque  and  Bomewhat  yellow,  are  more  flend 
and  tough  than  the  ordinary  cartilages,  and  have  little  tejidency  to< 
They  are  maiie  up  of  cells  and  a  matrix,  hut  the  latter  is  cverywh 
pen'aded  with  fibres  (fig.  84),  except  in  a  small  area  or  narrow 
(shaded  in  the  igurc)  left  round  each  of  the  cells.  The  tiljres  resist  I 
action  of  acetic  acid  ;  they  are  in  many  parts  short,  fine,  and  confue 
intersecting  each  other  in  all  directions,  like  the  filaments  in  a  pieces 
felt  ;  in  such  parts  the  matrix  has  a  rough  indistinctly  granular  lo ' 
but  sometimes  this  ap]X'arance  is  due  to  the  fact  that  the  elastic  fib 
are  incompletely  developed,  the  granules  which  arc  to  furm  them  havin 
not  yet  run  together  into  fibres  (fig.  Bo,  h).  Homctimes  the  fibres  an 
longer  (fig.  85,  c)  but  they  still  intercommunicate  at  aliort  diatanc 


Fig.  84. 


Fig.  85. 


Fig.  84.'8iCTX0ir  or  tub  klastic  cartuaok  or  the  sir.     Highlt  xAoinrnED 

( Hcitwig). 
Fig,  85. — Sbctioit  or  i^art  op  tos  c^RTiLiai  or  the  SPiGLOTTia  (Banner), 

a,  outilttge  cell  in  clear  area ;  h^  graniilar-lookmg  matrix  near  tho  middle  of  tlit 
carHliffe,  the  granular  appearance  \mng  due  partly  to  the  fine  reticulum  of  claittic  fi>>reife 
])&rtly  to  ibe  pmaetiM  of  gnumles  of  elastic  Hubstaaco  in  ttio  uiutrix  ;  c,  clearer  maUis 
with  longer  fifafCflk 

In  large  animals  such  as  the  os,  where  the  fibres  of  ordinary  elastic 
tissue  attain  a  considerable  size,  those  of  elastic  ciirtilage  are  alao 
very  large  witli  comparatively  wide  meshes,  occupied  of  coarse  by  the 
hyaline  grouml-substaoce. 

This  ia  a  stihstunce  consisting  of  a  mixture  of  the  fibrous  and  carti- 
laginous tissues,  and  so  far  partaking  of  the  qualities  of  lioth.  Like 
hyahne  cartilage,  it  possesses  firmness  and  elasticity,  but  these  properties 
are  miited  with  a  much  greater  dcgrue  of  tiexibihty  and  toughness.     It 


WHITE    FIBRO-CAKTILAGE. 


Dte  itadf  imder  various  forms,  which  may  be  enumerated  under  the 
owing  heads  :^ — 

^JmtrmrHtmlar  fibro-cartilages.  These  are  interposed  between  the  moviagf 
I  of  boiies*  Off  nfther  of  ajticular  cartilages,  ia  eeveral  of  the  joints.  Tliey 
*  Wfcrntmm  the  appodtion  of  the  opposed  surfaces  in  their  yariotiB  motiotiSy 

*  to  the  gliding  movement.  an<i  to  moderate  the  effects  of  great  pressure, 
( joint  of  the  lower  jaw  and  in  that  of  the  clavicle  thej  hare  the  form  of 

I  or  onl  pkttt^  growing  thinner  towards  the  centre ;  in  the  knee-j^i^t  the^ 

in  fbfm  of  a  iiokle.  and  thinned  away  towards  their  concave  free 

Id  all  caaei  their  surfaces  are  free  ;  while  they  are  fixed  bj  synovial  or 

\  iD«Qibimne  at  their  circumference  or  ejs^remities.    The  fffuovtal  membrane 

t  joint  ia  prolonged  for  a  ahort  distance  upon  the^  fibio-cartil^es,  from 

*  1  tnugin. 
azticiiJAr  cavities  of  bones  are  nometimes  deepened  and  extended  by 

I  of  a  rim  or  border  of  fibro-cartila^.     Good  examples  of  these  etreum-' 

al  or  mtar^iiMi  fibro-cartQagt^  are  seen  in  the  shoulder  and  Mp-jointa^ 

1  Tonnd  the  lip  of  the  artieular  sockets. 

Onmeeiimg  fihro-cartilages  are  such  a»  pass  between  the  adjacent  surfaces  of 

i  m  jouita  which  do  not  admit  of  gliding  motion,  as  at  the  Hymphysia  of  the 

%mnd  betwiecn  the  bodies  of  the  vertebne.    They  hare  the  general  form  of 

1  S&d  between  the  vertebne  are  composed  of  concentric  rings  of  fibi-oos  tissfue 

"  "  (  and  matrix  interposed  ;  the  fibrous  tissue  predominating  at 

fensnoe,  the  <»rtilaginous  tissue  increasing  towards  the  centre.    Tha 

oea  which  they  connect  are  usually  encrusted  with  true  cartilage. 

t.  Hie  boQj  grooves  in  which  tendons  of  mnsdes  glide  are  Hned  ^Hth  a  thin 

Ujtr  of  filvo-Qutilage.    Small  nodules  of  this  tisiue  (st^amoid  jihro'cartihi/^eM) 

foMj  ate  be  developed  in  the  sabiitance  of  tendons,  of  which  there  is  an  example 

ia  ihe  teadon  of  the  peroneus  longiii?,  and  also  in  that  of  the  tibialis  posticus, 

I  it  peeees  beneath  the  head  of  the  astragalus.    Lastly,  we  have  an  example 

connection  of  fibro-cartilage  with  muscle,  in  the  attachment 

ihfitto  mnscolar  fibres  at  the  baao  of  the  ventricles  of  the  heart. 

Fig.  86, 


I  mmo-CAvrtLKTB  rsoit  am  nrrxRVERTEsn^L  t>t£E  (nuitiN). 
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. _.j  lines  aroimd  the  cells  indicnte  the  limits  of  deposit  of  sucoesaive  cap- 
One  el  the  cells  has  a  forked  process  which  extends  beyoud  the  hyaline  area 
I  the  cell,  amongst  the  fibres  of  the  genend  matrix. 

lage    appears  under  the  microscope  to  be  made  up  of 

Varr  fibres,  like  those  of  ordinary  h^rameut,  with  eartilage-cells  occnpy- 
^  'the  place,  and  often  si^iiiilatiof?  the  arrangement,  of  the  tendon- 
•elU.  As  in  elaetio  fibro-cartilage,  the  cells  are  immediately  surrounded 
ly  a  part  of  the  matrix  which  is  free  from  fibres  (fig,  86).  As  a  general 
imle  thev  resemble  the  c^Us  of  ordinary  cartilage,  having  a  ronnded  shape, 
tlthoo^  aomewhat  flattened  where  the  bmdles  of  fibres  are  closely  i>acked. 
In  the  witervertebral  fibro-ciirtilages,  many  of  the  cartilage  cells  are 
hroiided  with  long  and  ramified  proceesca  tbttt  extend  far  beyond  the 
fcdf  of  the  odL 
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The  proportion  which  the  fibrous  Imndles  hear  to  the  trtie  cartila 
differs  much  in  different  examples  of  this  tissue.     In  ^oeral  the  iihr 
tissue  very  g^reatly  predominates,  and  In  some  cases,  as  in  the  inti, 
articular  laminEe  of  the  knee-joint,  it  constitutes  almost    the  end 
structure,  but  carfcilaginoua  tissue  with  characteristic  tells  pi^edomii 
near  the    Burfacee.     In    the    interrertebral    disks    the    ciirtilage 
puscles  are,  as  already  stated,  more  al>undant  towards  the  central  j4 
than  near  the  periphery,  but  the  pulp  itself  does  not  in  most  inst 
contain  ciirtilage-cells,  but  a  reticulated  cell-structure   embedded 
Bofb  matrix,  and  probably  derived  from  the  cells  of  the  chorda  dorsaliil 
of  the  cmbijo. 

In  the  healthy  state,  no  blood-vessels  penetrate  the  articular  carti- 
lages. Whatever  nutrient  fluid  they  require  seems  to  be  derived  from 
the  vessels  of  adjoining  textures,  especially  the  bone,  and  to  be  conveyed 
through  the  tissue  by  imbibition.  Towards  the  circumference  of  the 
cartilage,  however,  underneath  the  sytiovial  membrane,  the  gjnovial 
vessels  form  a  narrow  vascular  border  round  it,  wliich  has  been  named 
the  cirailiis  arikuli  vaaculomm. 

When  the  tissue  exists  in  tliieker  masfies,  as  in  the  cartilages  of  the 
ribs,  canals  are  here  and  there  excavated  in  its  substance,  alon^  which 
v^sels  are  conducted  for  the  nourishment  of  the  parts  too  distant  to 
receive  it  from  the  vesaeLs  of  the  perichondrium.  But  these  canals  ai^ 
few  and  wide  apart,  and  the  vessels  do  not  j^ass  beyond  them  to  ramifj 
in  the  intemiediate  mass,  which  is  accordingly  quite  extravascnlar. 

No  nerves  have  been  traced  into  any  of  the  cartilages,  and  they  i 
known  to  be  destitute  of  sensibility. 

The  matrix  of  caitUage  is  chieiy  composed  of  a  flnbfitance  which  ib  oonvgrtel 
after  longr  boiling  into  chondrin.  White  fibro-cartilage  yields  gelatine  in  add!* 
tion.  A  certain  ajnoniit  of  gelatine  m  said  (by  Kiihne)  also  to  be  yielded  VX 
hyaline  cartilage. 

DBVlSLQPMENaf    OW    CARTIIiAaB. 

The  parts  of  the  eBibr}*o  which  are  to  become  cartilages  are  made  up  at  fiiit 
of  the  common  mesodermic  cells  from  which  the  connective  tissues  general^ 
originate^  After  a  time  the  cell -contents  become  clearer,  the  nudena  more  Ti«tbl6| 
and  the  cells,  mostly  of  polygonal  outline,  appear  surrotindcd  by  clear  lines  «l 
pellucid  mibstanoo^  forming  as  it  were  a  network  of  bright  meshes  inclosing 
them*  but  in  reality  conBisting  of  the  cohering  capgules  of  the  contiguous  cells, 
and  constituting  all  that  exiats  of  the  matrix  at  thia  time.*  Glycogen  appears 
at  an  early  i>eriod  in  the  protoplaism  of  cartHage-ceUs^  Rouge t  found  it  in  tiie 
Kheep't^  embryo  of  two  montbii,  both  in  osai^ring  cartilage  and  in  the  cartilag«t 
of  tlie  trachea. 

The  imbeequent  changes  consist  in  enlargement  ajid  multiplicatioii  of  the  cells 
and  development  of  the  intennoduite  matrix  from  a  substance  which  is  formed 
jux>und  and  between  themL.  The  process  appears  to  be  as  follows  (fig.  87)  : — ^Ths 
cartilage  cells  first  divide,  a  species  of  capsule  being  formed  round  each  of  the 
young  cells  (b),  whiM  the  old  one  inclosing  them  becomes  blended  with  the 
intercellular  matrix,  and  is  no  longer  traceable  (c).  The  new  cells,  in  turn, 
divide  in  the  same  way,  so  as  to  make  a  group  of  four,  each  of  which  is  snr- 
Tounded  by  its  own  oapsiile  (D),  whilst  the  capsules  of  the  fii-st  descent  (seooudaty) 
blend  with  the  matrix  (E)  like  their  predeceftsor. 

The  four  cells  may  each  form  a  succession  of  capsules  and  thus  become  moKe 

^  Cariibgss,  which  retain  tti is  condition  throughout  life^  hmve  been  tenned  ^'parenchy* 
nrntcus*'^    An  eiamplo  of  this  is  found  in  th«  cart ilag<9  of  the  mouse's  ear. 


DEVELOPMENT    OF    CARTILAGE. 


85 


riipftimted  from  one  anotlier,  or  they  m&y  divide  again  and  form  a  g:roap  i>f  eight 
«r  moi«.  It  10  by  re»on  of  the  celli  i^mainin^  in  contiguity  with  one  Another 
tftex  the  division  is  complete  that  the  groups  of  corpuscles  which  are  so  charac- 
"    '  "  tot  caitilage  are  produced. 

t  m  doi&btfal  how  the  capmile  is  produced ;  whether  excreted  by  the  cell  which 
i  lilawards  incloses,  aa  held  by  KoUiker  :  or  formetl  by  conTersion  of  a  super* 
I  laj^r  of  ^e  protoplaum  of  the  cell<body.  as  vraa  taught  by  Max  Schultze  ;  or  a 
tly  independent  deposit  around  the  cellB.    However  thbj  may  be^  there  i£  at 
but  what  IB  made  up  of  the  simple  caijgules. 


§7- — Ii>«AL  PLi»  Of  Twn  mjLTiPLicAnoiff  or  CELLS  Of  CABTUAOA  (Sharpcy). 

«tt  in  ilB  eapRtle ;  B,  dindcd  into  tt^-o,  each  wHh  a  capsule ;  C»  primary  cap«nde 
vns^  Aecomdary  capsules  coherent  with  mAtrix  ;  D,  tertiary  dirisioa ;  £,  fiecaudary 
I  JiM^Hififrd,  tertiary  cohere&t  with  matrix. 

fmrthcT  growth  there  i^  a  dilTerenoe,  according  na  the  odls  do  or  do  not 
&ec|iient  division.    In  the  latt^ir  case  a  cell  becomes  snrronnded  by  many 
eapfoles  formed  in  succc^on  ;  that  h,  the  first  capsule  ia  ezpfuidedp 
uAdie  otiien  formed  each  within  its  expanding  predcce^i^sor,  bo  that  the  cartilage 
to  conalAt  of  scattered  oelL<,  each  with  a  concentric  system  of  capaoleD, 
bry  ABeana  of  reagents  may  be  rendered  visible  in  the  neighbourhood  of  the 
Nii  fiurdier  off  are  injwparably  Mended  into  a  uniform  substance.    AVTien, 
idf  the  cells  have  a  tendency  to  frequent  f?ubdiviaioii,  the  new 
produced  by  the  new  cells,  and  are  included  in  and  finally  blend 
which  had  belonged  to  the  previous  cells,  as  shown  by  fig,  H7. 

althoogh  thus  formed  of  the  capsules,  usually  becomes  to  all 
homogemeouA ;  but  in  sections  of  cartilage  that  have  been  exposed  to 
and  otlier  re-agents,  the  oontour  linea  of  the  capsules  round  cells  and  cell- 
iyMi|»  womj  be  more  or  less  distinctly  brought  into  view, 

Tim  iBode  in  whic^  the  division  of  the  cartilage- cell  takes  place  has  been  care- 
1^3fy  studied  by  Schleicher,  and  the  stages  of  the  process  followed  in  the  living* 
'  HOe  (liflr-  S$).  The  nuclear  membrane  first  of  all  disappears,  or  is  converted 
to  lEUiDenLi  of  nucleoplasm.  These  become  lost  amongst  the  other  filaments 
vhidi  result  from  the  conversion  of  the  nucleoli  and  other  more  solid  contents 
Qw  nndmsw  The  filamaits  are  at  first  short  and  irregular  (iv),  and  soon 
■teQate  arrangement  {b}.  After  a  time  they  become  grouped  in  a 
iimer  in  the  centre  of  the  nucleus  (r-d),  \Mr  phase  corresponding 
*itli  tlkfi  equtoriAl  stage  of  division  described  by  Flemming  (vide  ante^  p,  13), 
de  r»***<*l  llbiiBS  socm  divide  into  two  groups,  which  pass  towards  the  poles  of 
flw  nPflf"*  Sometimes  the  gap  between  the  groups  is  bridged  across  for  awhile 
Ij  ine  IQaQteate.  The  two  groups  of  fibres  next  undergo  a  gradual  process 
4d  ooomioa  into  the  danghter-nuclei  (r-A). 

liwiE  bo  seesi,  fnim  the  above  account,  that  the  division  of  the  nm'7n/s  of  the 
fftO^e  cell  resembles  on  the  whole  that  which  has  been  observed  in  other  celh^, 
jilslioiigii  all  tlie  delailtf  of  the  process  have  not  been  disdnctly  followed.    The  mode 
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of  division  of  tho  cdUxuhMtanef  is,  how<>ver,  different,  for  in  place  of  a  ccj 
tion  appearing-  and  gradually  separating  the  protopla.^m  into  two  halre^ 
witlioat  in,  a  partition  is  formed  (e),  in  the  middle  of  the  now  elo3 
bdng  produced  according  to  Schleicher,  by  the  acctimtilatiou  in  thi^  eil 
aome  of  the  filaments,  which,  m  before  mentioned  (p.  78j.  occur  in 
protoplfl^m.  However  this  may  be,  the  e^'ptnm,  as  soon  as  it  is  broad  en< 
is  8©en  in  reality  to  con&iat  of  two  layers,  which  are  continuons  with  the 
of  tJie  two  daug:hter  cells  {/). 

Vhg.  88. 
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Fi^.  88. — Division  of  a  cartilaob  cxi.li  (Schleicher). 

«t-?i,  stages  of  diriBitm  of  a  cell,  as  seen  in  Uie  living  cartiln/jo  of  tljo  BaLimand^r  (tli(» 
coaaectiou  of  tho  niicleopIaAinio  Bhuocnts  couliJ  not  be  made  out  in  tLc  freib  condition). 
«(,  A,  stelliiLtc  phase;  r,  equatorial  phase;  d^,,  cDinmeiicing  ^L'priration  of  the  nudeo^plaimie 
filaments;  thr».  further  atitges  of  eeparation  are  not  represented;  e,  lilamento  fnflf 
Bejjarat«d  into  two  {^rmups,  and  aseptuwi  hegianing  to  l>e  fonoeil  between  them  ;  /,  septoa 
oomi»icteiI,  tieeti  fc)  he  double  and  continuoatt  with  capsules  of  dauphtor  eelU  j  g^  K 
further  stages  in  the  fonnation  of  the  daught^^r  nucleL 

In  the  eaao  of  elastic  cartila^  the  matrix  in  at  first  hyatme,  and  the  elastio 
fihresi  are  subsequently  produced  in  it.  They  appear  in  the  form  of  fine  gnmulet 
in  those  parts  of  the  matrix  that  are  in  immediate  contiguity  with  the  cartihife 
oella.  In  the  cartilage  of  the  external  ear  this  change  occurs  about  the  fifth 
month  of  intra-nterine  life,  commencing  in  tho  more  central  ports ,  and  grBduAlfy 
extending  outwards  towards  the  perichondrium- 

llie  mode  of  development  of  white  fibre -cartilage  hoe  not  been  definitfilj 
nsceitainwl 

Nutrition  and  BegeneTatton* — The  vital  changes  which  occur  in  cartih^ 
take  place  very  hIowIj'.  Its  mode  of  nutrition  has  been  aLrea^lj  referred  to  ;  it 
ia  Fubject  to  abj^orption,  and  when  a  iKjrtion  la  absorbed  in  disease  or  rexaoved 
liy  the  knife*  it  U  either  not  regenerated  at  all  or  but  very  slowly,  A  wound  in  car- 
tilage is  usually  at  flr^t  healed  by  connective  tisume,  which  becomes  gmduaUjtnui^ 
ibrmed  into  or  givea  place  to  hyaline  cartilage.  The  reappearance  of  the  latter 
neemA,  however,  to  depend  upon  the  presence  of  the  perichondrium » this  membrane 
fulfilling,  although  perhaps  not  to  f^o  marked  an  extent t  the  same  functions  is 
the  regeneration  of  cartilage  as  doe«i  the  periosteum  in  the  regeneration  of  bone. 
Schwalbe  found  that  the  cartilage  of  the  rabbit's  ear  grew  only  by  ap|M)Bition  at 
its  marginjt  and  surfaces ,  and  not  interHtitially ;  but  it  is  certam  that  the  tem- 
porary cartilages*  grow  in  the  manner  last  mentionetl, 

When  a  cartilage  ib  fractured^  as  sometimes  happens  with  the  rib-cartOagefiy 
the  liroken  surf  aces  become  connected^  especially  at  their  cii-cumferenee,  by  fibnms 
Of  dense  areolar  tissue,  and  often  by  a  bony  clasp.  jj 

I*lterattire. — liahhRiklard,  Netiknorj'cl  den  Ohrs,  Arch,  f.  Anat»  1SG3.     ArtI? 
awjihhif,  Re^^ea,  d.  hyal.  Kaorpcls,  Med.  Centmnib,  1 8G8.   liarih^  in  3Hetl.  Ccntniibl ,  1870. 
Neumattn^  Ueaitirk.  ti.  d-  Knorpelgewebc,  Arch,  f.  Heilk.,  1S70.    Pttfrand^  Etudes cxpdr. 
sur  U  leg^  det  ^jsaes  cart  et  oweux,  1870^  and  Compt.  rend.  LXXXiV^,  187T. 
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:  MeUzmann,  Stndien  am  Enochenu.  Enorpel,  Wiener  med.  Jabrb.,  and  Wiener  Sitznngsb. 
M72,  1873.  JUtzius,  in  Nord.  med.  Arkiv,  1872.  0.  Jlertwig,  in  Arch.  f.  mikr. 
Aaat  IX.,  1872.  Q>hmiatti,  8.  strattora  d.  cartil.  ialine,  kc,  Rivista  clinica,  1874. 
f^Bwkanns^  Beitr.  zar  Histologie  der  Gelenke,  Arch.  f.  mikr.  Anat.  X.,  1874;  Ue.  d. 
ilnll&re  Struktnr,  Ac,  Arch,  t  Anat  (n.  Phys.),  1877.  Cresawdl  Sober,  On  the 
■Inictiire  of  hyaline  cartilage,  J.  of  Anat.  k  Phys.  X.,  1875.  Ogston,  On  articular  carti- 
kige,  J.  of  Anat.  k  Physiol.  X.,  1875.  Schlarttcsky,  Heilnngs-process  an  den  Rippen^ 
Icnorpel,  Hoffmann  and  Schwalbe*8  Jahresb.,  1876.  L.  Oetictch^  Yerhalten  d.  indig- 
acfairefelsauren  Natrons,  &c.,  ErIaDgen,  1876  ;  Entw.  d.  elast.  Gewebes,  Erlangen,  1877. 
Ewald  u.  Kmhne,  Die  Yerdannng  als  histol.  Methode,  Heidelberg  Ycrhandl.  I.,  1876. 
Amofd,  Zar  Kenntniss  der  Saftbahnen,  &c,  Yirch.  Arch.  LXYIIL,  1876;  and  in  same 
joomai  LXXIIL,  1878.  Gemmer,  in  Yirch.  Arch.  LXVIL,  1876.  Neumann,  Die 
Jodreaction  der  Knorpel-  n.  Chorda-zellen,  Arch.  f.  mikr.  Anat  XIY.,  1877.  Budge, 
Die  Saftbahnen  im  h^  Enorpel,  Arch.  f.  mikr.  Anat.  XIY.,  1877,  and  XYI.,  1878. 
BmiMkli,  Z.  Eenntn.  d.  Theilonga-process,  &c.,  Zeitschr.  f.  wiss.  Zool.  XXIX.,  1877. 
Nykavip,  in  Arch.  f.  mikr.  Anat.  XIY.,  1877.  Tizzani,  in  Arch.  i>er  le  sci.  med., 
1877.  SchwaU>e,  Enorpel-regen.  u.-wach8thum,  Jena.  Sitzungsb.,  1878.  Pruddcn, 
Beohdu;ht  am  lebend.  Enorpel,  Yirch.  Arch.  LXXV.,  1879.  Schleicher,  Die  Enor- 
peltheilong,  &&,  Arch.  f.  mikr.  Anat.  XYL,  1878  ;  Enorpelkem,  Med.  Centralbl., 
1879  ;  and  Nonv.  comm.  snr  la  cellule  cart,  yirante,  Bull,  de  Tacad.  r.  de  Belgique, 
1879.  Spmii,  Saftbahnen  d.  hyaL  Enorp.,  Wiener  Sitzungsb.,  1879;  Bildung  der 
Giuidaabstaiiz,  Wiener  Sitzungsb.,  1880.  Strauer,  Entw.  d.  Enorpelgew.,  Morphol. 
Jahib.  v.,  1879.  Batte,  Bau  u.  Entw.  d.  Enorpels,  &c.,  Zool.  Anzeiger,  1879.  BigeloK, 
in  Arch.  f.  mikr.  Anat.  XYI.,  1879.  Flesdi,  Qrundsubst.  d.  hyal.  Enorp.,  Wurz- 
bm^  I8S0. 

BONE    OB    OSSEOUS    TISSUE. 

The  bones  are  the  principal  organs  of  support,  and  the  passive  in- 
etmments  of  locomotion.  Connected  together  in  the  skeleton,  they 
fi>nn  a  framework  of  hard  material,  which  affords  attachment  to  the 
■oft  p^ls,  maintains  them  in  their  due  position,  and  shelters  such  as  are 
of  delicate  structure,  giving  stability  to  the  whole  fabric,  and  pre- 
serving its  shape ;  and  the  different  pieces  of  the  skeleton,  being  joined 
moTei^ly  together,  serve  also  as  levers  for  executing  the  movements  of 
the  body. 

While  substantially  consisting  of  hard  matter,  bones  in  the  living  body 
are  covered  with  periosteum  and  filled  with  marrow ;  they  are  also  per- 
raded  by  blood-vessels  for  their  nutrition. 

Bone  has  a  white  colour,  with  a  pink  and  slightly  bluish  tint  in  the 
livmg  body.  Its  hardness  is  well  known,  but  it  also  possesses  a  certain 
degree  of  toughness  and  elasticity  ;  the  last  property  is  peculiarly  well 
marked  in  the  ribs.    Its  specific  gravity  is  from  1.87  to  1.97. 

CShamical  Composition. — ^Bone  consists  of  an  earthy  and  an  animal 
part,  intimately  combined  together;  the  former  gives  hardness  and 
rigidity,  the  latter  tenacity,  to  the  osseous  tissue. 

The  earthy  part  may  be  obtained  separate  by  calcination.  When 
bones  are  burned  in  an  open  fire,  they  first  become  quite  black,  like  a 
piece  of  burnt  wood,  from  the  charring  of  their  animal  matter ;  but  if 
the  fire  be  continued  with  free  access  of  air,  this  matter  is  entirely 
consumed,  and  they  are  reduced  to  a  white,  brittle,  chalk-like  substance^ 
still  preserving  their  original  shape,  but  with  the  loss  of  about  a  third 
of  their  weight.  The  earthy  constituent,  therefore,  amounts  to  about 
two-thirds  of  the  weight  of  the  bone.  It  consists  principally  of  phos- 
phate of  lime,  with  about  a  fifth  part  of  carbonate  of  lime,  a.nd  much 
smaller  proportions  of  fluoride  of  calcium,  chloride  of  sodium,  and 
ma^esian  salts. 

The  animal  constituent  may  be  freed  from  the  earthy,  by  steeping  a 
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ae  in  diluted  hydrochloric  acid.     By  thk  process  the  salts  of  lime ' 
dissolved  out,  and  a  tough  flexible  substance  remains,  which,  likt  j 
the  earthy  part,  retaiiL^  the  perfect  figure  of  tlie  original  bone  in 
minutest  details ;  bo  tliat  the  two  are  evidently  combined  in  the  moi 
iutimate   manuer.     The   animal  part  is  often  named  the  cartila^  \ 
bone,  but  improperly,  for  it  differs  entirely  from  cartilage  in  structaii 
as  well  as  in  physical  properties  and  chemical  nature*     It  is  much  sofi 
and  much  more  flexible,  and,  by  boiling,  it  is  almost  wholly  resolve 
into  gelatin.     It  may  accordingly  be  extracted  fem  bones,  in  form  of  tl 
jelly,  by  boOing  them  for  a  considerable  time,  especially  under  high] 
pressure, 

In  the  compact  flubst.ance  of  a,  femur  that  liad  been  long  buried^  Aebj  foimd 
only  16'5  per  cent  of  aniioal  matter. 
The  fluoride  of  adcium  is  fouod  in  larger  quantity  in  foeail  than  in 
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On  sawing  up  a  bone,  it  will  be  seen  that  it  is  in  some  parts  dense 
and  close  in  texture,  appearing  like  ivory;  in  others  open  ana  rcticiilar; 
tind  auatomists  aeourdingly  distioguish  two  forms  of  osseous  tissue,  xizJi 
the  compact^  and  the  sponfjij  or  canaUafciL  On  closer  exaniinatiun, 
however,  especially  with  the  aid  of  a  magnifying  glass,  it  will  Ije  Ibimd 
that  the  bony  matter  is  everywhere  pijrons  in  a  gi^eater  or  less  degree, 
and  that  the  diOcrenee  between  the  two  varieties  of  tissue  depends  on  the 
different  amount  of  solid  matter  compared  with  the  size  and  number  of 
the  open  spaces  in  each  ;  the  cavities  being  very  small  in  the  compact 
parts  of  the  bone,  with  much  dense  matter  between  them  ;  whilst  in  the 
cancellated  texture  the  spaces  are  large^  and  the  intervening  bony 
partitions  thin  and  slender.  There  is,  accoi^ii)gly,  no  abnipt  limit 
between  the  two,— *  they  pass  into  one  another  by  degi'ees,  the  cavities  of 
the  compact  tissue  widening  out,  and  the  reticulations  of  the  cancellated 
becoming  closer  as  they  approach  the  jjarts  where  the  transition  between 
the  two  takes  place. 

In  all  bones,  the  part  next  the  surliice  consists  of  compact  substance, 
which  forms  an  outer  shell  or  crust,  whilst  the  spongy  texture  is  cou- 
taincd  within.  In  a  long  bone,  the  large  round  ends  ai-e  made  up  of 
spongy  tissue,  with  only  a  thin  coating  of  compact  substaucc  ;  in  the 
hollow  shaft,  on  the  other  hand,  the  spongy  texture  is  scanty,  and  the 
sides  are  chiefiy  formed  of  compact  hone,  which  increases  in  thickne-ss 
from  the  extremities  towards  the  middle,  at  which  point  the  girth  of 
tlie  bone  is  least,  and  the  strain  on  it  gix^atest.  In  tabular  bones,  i^uch 
as  those  of  the  skidl,  the  compact  tissue  forms  two  plates,  or  tables,  as 
they  are  called,  inclosing  Ijctwcen  them  tlie  spongy  texture,  winch  in 
such  Ijonea  is  iisnaUy  named  diploLK  The  short  bones,  like  the  ends  of 
the  long»  arc  spongy  throughout,  save  at  their  surface,  where  there  is  a 
thin  crust  of  compact  substance.  In  the  complex  or  mixed  bones,  such 
as  the  vertebra?,  the  two  substances  have  the  same  general  relation  to 
each  other  ;  but  the  relative  amoimt  of  each  in  different  paits,  as  well 
as  their  special  arrangement  in  particidar  instances,  is  very  various. 

On  cloi*e  inspection  the  cancellated  texture  of  i>one  is  s^een  to  be  formed 
of  slender  imrs  or  spicula  and  thin  hanelhe,  which  meet  together  and 
join  in  a  reticular  manner,  proilucinir  an  open  structm^e  which  has 
been  compared  to  lattice- work  {cancel fi)^  and  liencc  the  name  usnally 
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;  ^ifplied  to  iL  In  this  way  considerable  strength  is  attained  without 
7^  Tniue  weight,  and  it  may  usually  be  observed  that  the  strongest  kuminae 
I^^  Tan  through  the  structure  in  those  directions  in  which  the  bone  has 
^  ^  Babindly  to  sustain  the  greatest  pressure.  The  open  spaces  or  areola) 
f^  of  the  bony  network  communicate  freely  together ;  in  the  fresh  state 
■^  they  contain  marrow  or  blood-vessels,  and  give  support  to  these  soft 
**  parts- 
Pig.  89. 
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Fig.  89. — A,  Tbavsvbrsi  szcnov  or  a  bo5B  (ulna)  depriyxd  of  its  xarth  bt 

ACID  (Sharpey). 


Hie  openings  of  the  Haversian  canak  are  seen 
tJiaded  to  indicate  the  part  magnified  in  Fig.  B. 


Natnral  size.     A  smaU  portion  is 


By  Part  of  trk  Section  A,  xaonified  20  diameters. 

The  lines  indicating  the  concentric  lamellse  are  seen,  and  among  them  the  lacan» 
a]ri>eir  as  little  dark  specks. 


L — The  compact  tissue  is  also  full  of  holes  ;  these, 
whidi  are  very  smaU,  are  best  seen  by  breaking  across  the  shaft  of  a 
long  bone  near  its  middle  and  examining  it  with  a  common  magnifying 
gla^  Numerous  little  round  apertures  (fig.  89  a)  may  then  be  seen 
on  the  broken  surface,  which  are  the  openings  of  short  longitudinal 
passages  running  in  the  compact  substance,  and  named  the  Haversian 
canals^  after  Clopton  Havers,  an  English  physician  and  \STiter  of  the 
seventeenth  century,  who  more  especially  called  attention  to  them. 
Blood-vessels  run  in  these  canals,  and  the  widest  of  them  also  contain 
marrow.  They  are  from  T^<yth  to  ^ -Jnjth  of  an  inch  in  diameter :  there 
are  some  no  more  than  t?^*^>  ^^^  ^^'^^  ^^^  ^^  5  the  medium  size  iB 
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aboufc  Ton^^'    The  widest  are  met  with  nearest  the  medoIIaiT  car" 
and  the  narrower    towards  the  circumference  of  the  bone.    They 
quite  short,  as  may  he  seen  in  a  longitodinal  section,  oblique  cm 
munications  connecting  them  freely  both  longitudinally  and  latemHT. 
Thoae  which    are    next   the    circumference    of    the  bone,  opeu    ] 
minnte  pores  on  its  external  eurface,  and  the  innermost  ones  v^:. 
widely  into  the  medullarjr  cavity;  so  that  these  ehort  channels  lv 
lectively  form  a  sort  of  irregular  network  of  tubes  rmmintr  ^' ' 
the  compact  tissue,  in  which  the  vessels  of  that  tissue  are  L  ■ 
throuj^h  the  medium  of  which  these  vessels  communicate  to^^^LUit  r,  u 
only  along  the  length  of  tlie  bone,  but  from  its  surface  to  the  intt n 
through  the  thickness  of  the  shaft.    The  canals  of  the  compact  tv 
in  the  other  classes  of  bones  have  the  same  general  characters,  and 
the  mof^t  part  run  parallel  to  the  surface. 

Lamellee. — On  vie\Ying  a  thin  transverse  section  of  a  long  bone 
a  microscope  of  moderate  power,  especially  after  the  earthy  part  hsm  been 
removed  by  acid  (tig.  89  B ;  fig.  95),  the  opening  of  each  Haversian  canal 
apfiears  to  be  surrounded  by  a  series  of  concentric  rings.  Thia  appear- 
ance is  occasioned  by  the  transverse  sections  of  concentric  iameiUB  which 
surround  the  cantds.  The  rings  are  not  all  complete,  for  here  and  thei 
one  may  be  seen  ending  between  two  others.  In  some  of  the  sets, 
lings  are  nearly  circular,  in  others  oval, — difierences  which  seem  mostly 
to  depend  on  the  direction  in  which  the  canal  happens  to  be  cut :  the 
aperture  too,  may  be  in  the  centre,  or  more  or  less  to  one  side,  an^l  n 
the  latter  case  the  rings  are  usually  narrower  and  closer  together  on  ihe 
side  towards  which  the  aperture  deviates.  Again,  some  of  the  apertmvi 
are  much  lengthened  or  angular  in  shape,  and  the  lamelUe  siirronnding 
ihem  have  a  corresponding  disposition.  Besides  the  lamelke  surrounding 
the  Havei^ian  caniiLs,  there  are  others  disposed  conformably  with  the 
circumference  of  the  bone  (fig.  8U  B,  u),  most  of  these  are  near 
the  surfiwse,  but  others  run  between  the  Haversian  sets,  by  which 
they  are  interrupted  in  many  places  (fig.  I>5).  Lastly,  in  various  parts  of 
the  section,  lines  are  seen  which  indicate  lamelloe,  difiering  in  direction 
from  both  of  the  above-mentioned  orders. 

The  appearance  in  a  longitndiual  section  of  the  bone  is  in  harmony 
ivith  the  account  above  given  :  the  sections  of  the  lamelloe  are  seen  as 
straight  and  parallel  lines,  running  in  the  longitudinal  direction  of  the 
bone,  except  when  the  section  happens  to  have  passed  directly  or  slant* 
ingly  across  a  canal  :  for  wherever  this  occurs  there  is  seen,  as  in  a 
transverse  section,  a  series  of  rings,  generally  oval  and  much  lengthened 
on  aoconnt  of  the  obliquity  of  the  section. 

The  cancellated  texture  has  essentially  the  same  lamellar  stnicture. 
The  slender  bony  walls  of  its  little  cavities  or  areolte  are  made  np  of 
superimposed  lamellae,  like  those  of  the  Haversian  canals,  only  tliey 
have  fewer  lamellae  in  proportion  to  the  width  of  the  cavities  which 
they  surround  ;  and,  indeed,  the  relative  amount  of  solid  matter 
open  space  constitutes,  as  already  said,  the  only  difreniiice  betwi 
the  two  forms  of  bony  tissue  :  the  intimate  structure  of  the  solid 
stance  and  the  mantier  of  ita  disposition  round  the  cavities  being 
tially  the  same  in  both. 

ZiacmiSB  and  eanaliculL — All  over  the  section  numerooa  little  dai 
specks  are  »}en  among  the  lamella?.     These  were  named  the  *'  osseoui 
corpuscles ; "  but  as  it  is  now  known  that  they  are  in  reality  minuta 
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Sting  in  the  bony  Fiibstanco,  the  name  of  ktcinm  has  since 
ittinglj  applied  to  them.  To  see  the  kciiiife  Broperlj,  how- 
is  of  nnsoftened  bones  must  be  prepared  ana  ground  very 
magnifying  power  of  from  200  to  ;300  must  be  emplojed. 
ion,  TIC  wed  with  transmitted  litrht,  has  the  appearance  repre- 
X,  90.  The  openings  of  the  Haversian  canalj>  are  seen  with 
bng  lamella?,  and  araon^^^  the^  the  hiennte,  which  arc  mostly 
t  corresponding^  order,  appear  as  lihick  or  dark  i>rown  and 
ne  obloDg  spots,  with  fine  dark  lines  extending  from  them 
r  them  to  look  not  unlike  little  black  insects.  The  dark 
IS  due  to  the  fact  that  the  little  cavities  have  become  filled 
the  dry  bone,  and  wlien  the  g?aaie  section  is  seen  airi^tinst  a 
d^  with  the  light  fulling  on  it  (as  we  nsiially  view  an  opaque 
little  bodies  and  lines  appear  quite  white,  like  fi. azures  drawn 
)ii  a  slate,  and  the  intermediate  substancej  being  transparent. 


¥\g.  90. 
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BSCnotr    OP    TOMPACT    TISSUE    (of   IlUMERCa)    MAGNIFIED    ABOUT 
150  DIAMKTKI13  (Sliiirpcy). 

\  Havenuio  chhaIs  are  Rceii»  with  tlieir  coTicentric  rings  ;  nlso  the  lactano?, 
ifienB  txteitdiDg  from  them  across  the  direction  «>f  t!ie  lamclla%  Tlie 
■tBivt  hAd  become  filleil  with  d^bria  m  grincling  doi^Ti  the  ficctioiij  and 
|ar  1j]ii:k  in  the  figure,  wliicli  rcpresenta  the  object  as  viewed  with  trans- 


Xmf  as  already  stated,  are  minute  recesses  in  the  Vione,  and 
tending  from  them  are  fixiQ  pores  or  tubes  named  famifimlh 
\  from  their  cayitj.  The  lacuiue  present  some  varietv  of 
in  such  a  section  as  that  represeuted  they  for  the  most  part 
folariy  fusiform,  and  lie  nearly  in  the  Siime  din,x*tion  a."*  the 
ween  which  thej  are  situated  ;  or,  to  speak  more  correctly, 
»ttened  and  extended  confonnably  with  the  lamellae  ;  for 
MM  is  cut  longitudinally,  tlieir  sections  still  ai){)ear  fusiform 
Qore  lengthened  out  in  the  direction  of  the  lamellsc- 


^^ore  le; 
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The  canaliculi,  on  the  other  hand,  pass  across  the  lamellEe,  and  1 
cooiTQUiiicatc  with  thogc  proceeditifi:  from  the  next  Taitge  of  lflcunai,J 
as  to  connect  the  little  caTities  with  each  other  ;  and  thns  sinoe  f 
canalicuH  of  the  nlc^st  central  range  open  into  tire  Havei^ian 
Bystem  of  continuous  ]^!issages  is  established  by  these  miniite  tubes  i 
their  Iacuna\  along  which  fluids  may  i}e  conducted  Irom  the  Haven 
canal  through  its  scries  of  surrounding  larueHa^ ;  indeed,  it  seems  1 
halde  that  a  chief  purpose  of  thebe  niiiuite  |)assati:es  is  to  alh>w  mitr 
matter  to  be  conveyed  trtmi  the  vascular  Haversian  canals  through  ( 
mass  of  hard  bone  wJjich  lies  around  and  between  them.  In  like  maa 
the  canaliculi  open  into  the  p^reat  medullary  canal,  mid  into  the  cavity 
of  the  cancellated  texture;  fiir  in  the  thin  bony  parietes  of  the^*  earitii 
lacunar  are  also  contained  ;  they  exist,  indeed,  in  all  parts  of  the  i 
tissue.  The  canalicuH  which  radiate  outwards  from  the  lacuna?  nejirl 
periphery  of  the  Haversian  ejstenis  do  not  as  a  rule  conminnicate 
those  of  the  neij^hboiu'iiig  Havereian  gystem,  but  bend  round  and  i 
joined  to  one  another. 

CeUs  of  lM}iie. — As  first  shown  by  ^'irchow,  each  lacuna  is  occupied 
by  a  flattened  nucleated  ceU,  Ti\'hich  sends  hranehes  aloii<[?  tlic  canalicuh ; 
and  later  obsen'crs  (Rouget,  Keumann,)  have  been  able  to  detach  the 
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t*rEi>  (after  Joseph). 

€f,  proper  waU  of  the  lacuna,  bUowii  at  a  part  wliet* 
I  *^  tUo  corfJUBcle  baa  RliruDk  SLwuy  from  it. 


proper  wall  of  the  lacuna  and  its  appertain- 
int;^  canaliculi  after  dcenlcification,  and  to 
obtain  it  M^jtaratc  vd th  its  included  coqju&cl 
It  can  scarcely  be  doubted  that  the  proi 
plasm  of  the  nuckated  corpuscle  takes 
ijiH)ortant  share  in  the  nntritive  process 
bone,  and  very  probably  seiTcs  both  .^ 
modify  the  nutritive  fluid  supplied  from  tiie  blood  and  to  further  iti 
distribution  through  the  lacunar  and  canalicular  system  of  the  h/Ony 
tissue,  Virchow  showed  tliat  the  cor[aiscIes  of  bone  are  homologous 
with  th€^se  of  connective  tissue  :  to  this  it  may  be  added  that  the  enclodng 
lacuna?  and  canalicidi  are  to  be  looked  upon  as  cont^ejx^nding  to  the 
cell-spaces  of  that  tissue. 

Apeitiu^eB  and  decTLssating  Ibres  of  the  lameUa.— With  a  little 
pains,  thin  fihns  may  lie  jteeled  oft'  in  a  longitudinal  dii\ction  from  a 
piece  of  bone  that  hits  been  eoflcned  in  acid.  These  for  the  must  part 
consist  of  several  lamellae,  as  may  Ixj  seen  at  the  €d'>e,  where  the  different 
layers  arc  nsoally  torn  uneqaally.  and  some  extend  farther  than  others. 
Examined  in  this  way,  under  the  microscope,  the  huncllas  are  &cen  to  be 
perforated  with  fine  a]Krture>?  placed  at  very  short  distances  apart.  These 
apertures  were  des^Tilx'd  iiy  Deutsoh  ;*  they  appear  to  be  the  transverae 
sections  of  the  canahcnli  already  described,  and  their  relative  distance 
and  position  accord  sntHciently  with  this  explanation.  According  to  tin's 
view,  therefore,  the  canaliculi  nii*i^ht  (in  a  certain  sense)  be  conceived  to 
result  from  the  apposition  of  a  series  of  perforated  plates,  the  nperti 

*  Po  Feuttiori  Oaaitmi  Stnictuil.    WratuJ.  1831^  p.  l?.  Pig.  0. 
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corresponding^  to  those  of  the  plates  contigiioua  with  it  j  or 
be  compared  to  holes  bored  to  some  depth  in  a  straight 
(ced  direction  through  the  leaves  of  a  book,  in  which  case  it  is 
at  the  perforations  of  the  adjoining  leaves  wonld  correspond  ;  it 
aderetood,  however,  that  the  passa*^es  tbna  fiirnied  are  most  likely 
I  bj  proper  parietes.  The  apertnre:^  now  referred  to  mnst  be  dis- 
led  from  lar<^er  holes  seen  in  some  lanielhe»  which  give  passage  to 
ijrating  fibres  to  l>e  mentiontHl  further  on. 
ihe  lamelhe  have  a  further  structnn:.  To  see  this,  the  tliinncsfc 
I  detached  shred  or  film  must  be  examined,  as  shown  in  fii^^s.  t)2 
;  it  will  then  ap|x;ar  plainly  that  they  are  largely  made  up  of 
*ent  fibres,  decussating  with  each  other  in  the  form  of  an 
igij  fine  network.  In  the  Haversian  Bjstems  these  decussating 
OSS  one  another  in  different  lamelko  at  right  angles  (v.  Ehaer), 
lost  other  situations  at  int^re  or  less  acute  angles,  and  they  arc 
jere  and  there  by  oltlit|nely  jiassing  libres,  so  that  they  cannot 
i  out  frt>m  one  another  ;  but  at  the  torn  edge  of  the  lamella 
often  be  seen  separate  for  a  iittk  \vay,  standing  out  like  the 
7  a  fringe.     Most  generally  they  arc  straight,  as  represented  in 


itx    LAXiiK    PSSiVD    orw    7Rnx    A   SOrTKHSt>  Fig.  D2< 

I  IT   A]»P1IAR9    tSUER    A    MAaSlTtlHO    POWSR  OF 

KTiBJ}  (Sbju*pey). 

which  is  intended  to  represent  the  reticular 
of    a  taiDfllla,  givei  a  better  idei  of  the  object 
ftther  fartlier  off  than  usnal  from  the  eve 

It  they  are  nut  always  so,  for  in  some 
^aasame  a  curvilinear  direction  {!ig.  94). 
piydroehloric  acid  causes  these  fibres  to 
id  become  indistiiict,  like  the  whito 
'* connective  tissue;  care  must  therefore 
I  ill  their  examination  that  the  remains 
decsdcifying  acid  be  removed  from  the 

Pioemtion  in  water  or  in  Bolutions  of 
s.      Moreover,    the    fibro-rcticidar 
not  equally  distinct  in  all  parts ;   for  in  some  places  it  is 
J  marked,  as  if  the  fibrdlation  were  incompletely  developed. 

imtm/tSng  fibrei  which  constitnte  the  I  am  ell  aa  were  discovered  by  Sliarpey, 
rooostttot  pr«ience  was  taoght  by  him  for  a  long^  time  before  ihej  were 
.  }3j  other  histologist^  It  haa  lately  been  phown  by  v.  Ebner  that  th© 
'mg  fibres  of  Sharpey  are  in  reolity  themselves  oomposwl  of  exquisitely 
ts,  ao  that  they  corre;*i)Ond  with  bundle-s  of  white  conneotive  tiissue  fibres 
kan  wiUi  sLng-le  fibres.  Like  the  connective  tia.*ae  tihrila  these  of  the  bone 
bly  xefractingT  *^*1  they  are  said  not  to  be  calcifiedt  the  deposit  of 
IB  mattor  being  confined  to  the  matrix  in  which  they  are  embethled.  They 
)  be  united  into  the  lamellaj  by  a  matrix  or  gTOund-Biibstance,  and  accord- 
Ebner  take  different  directions  in  successive  iamelliia,  so  as  to  produce 
■r  or  a  stria te<l  api)earanco  according  as  they  happen  to  be  cut  trana- 
r  longitudinally  (%.  i»3). 

&  sections  of  bone,  the  concentric  lines  or  rather  bands  which  represent 
idgM  of  the  lameHae  show  the  section  of  the  decussating  fibres  as  round 
u*  dote,  themselves  punctated,  which  lie  embedded  in  the  homogeneous 
obatuice  (fig.  93,  h%  The  lamelhe  are  separated  from  one  another  by 
rjuch  lie  between  them^  where  thes@  are  absent  they  are  joined 
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together  by  tke  groimd-siibstaiice  ;  they  may  ako  l>e  united  by  ooccsional  I 
of  fibz^  passing  obliquely  from  one  laineLla  to  the  other. 

pjg^  93^  Fig.  93.— Small  part  of  a 

TUmNAL    SKCriOK    OF    hvca 

TIM  A.    HiijntY  MA05trna> 
V.  Ehncr), 

f't  fecrioK  of  BIX  lamellip  ' 
u  t  f or  the  most  imrt  i  n  tb  e  dij 
the  tibrils,  Jio  that  tliey  appear  lai^l 
tudinally  strtateil  ;  5,  b,  hunellas,  11 
Hbrib  01  whit'h  are  cut  acmes; 
arrangemeat  of  the  fibriJB  iutobtv 
is  indicated.     Two  or  tJire©  kcunae  are  seen  lying  Wtween  the  IslidoIIcw,  their  < 
piddBg  the  hunclhc. 

Perforating  fibres. — It  was  further  shown  by  Hharpoy  that 
many  iiistances  the  lainelkti  are  pcrfijnited  by  fil»res,  which 
thr<Jii^h  them  in  a  i>eri>cnclicnlai%  or  obliqiie  direction,  jmd,  ai 
were,  bolt  them  together.  Tliese  pcrtxniitint^:  fibres  may  be  seen^  witJ 
the  aid  of  the  mieroscope,  in  a  thin  trans vci*se  bIicc  of  a  decalcified 
cylindrical  or  cranial  bone,  on  puDing  asunder  the  sections  of  tbe 
laniellas  {m  in  fig,  DO).  In  tin's  way  some  lamellm  will  generally 
be  observed  with  fibrous  processes  attached  to  them  (fig,  UG,  b)  k 
various  lengtiis,  and  usually  tai>erinf(  and  pointed  at  their  firec  €i- 
tremities,  but  sometimes  truncated — probably  from  having  beefl 
divided  by  the  knile.  These  fibres  have  obviously  been  drawn 
out  from  the  adjae^'Ut  lamella?,  through  Bcveral  of  which  they  must 
have  penetrated.  Sometimes,  indeed,  indications  of  perforations  may 
be  recognised  in  the  part  of  the  section  of  bone  from  which  the 

Fig.  U, 
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Fig^  01. — Lamsli^  toui   or?  from  a  dkcalcified  nuuAfr  faiuitai  bovb  at  9oaii 

BIPTH    FROM    THK   BOK^ACE   {Sbarl«Jjr). 

<t,  Ijimells,  ihowtng  deeussating  fibrcf! ;  &,  &,  thicker  pari,  where  eeveral  lunelUs  w 
fcupcrpc»ed  ;  c,  r,  perforating  fibre*.  Aperturoi  tlirougb  which  perfoniliiig  fibtw  ImmI 
pttned,  are  Been  e$<peciAlly  in  the  lower  part,  a,  a,  of  the  !i(^ure.  Magitttude  a*  wam. 
under  a  power  of  2l}0t  but  not  drawn  to  a  aoole  (from  a  drawing  bjf  AUeu  ThonoonY. 
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\  have  been  pulJed  out  (fig.  90,  c).    The  processes  in  question  are 

f  m  to  epeakf  viewed  in  ]>rofile ;  hnt  fcbey  may  freqneotir  also  Ive 

on  the  flat  gnrfae-e  of  detat'hed  lamella©  (fig.'  fU),  projecting  like 

1  driven  perpendicularly. 

Tbe  perforating  fibres  are,  like  the  decussating  fibres,  for  the  moat 

'X^rt  Imndles  of  fibrils  which  agree  in  chaRicter  with    those  of   the 

^hite  fibrom  tissae ;  but  BOine,  as  shown  by  H.  Uliiller,  are  of  the  nature 

'  elastic  tisBue  (fig,  95,  f).     In  some  piirts  thev  escape  calcification. 

Fig.  95, 


SU&rAC*  Of  THE  gHAVT   (E.  A,  S,  )• 

Q»  By  BaTe;niAn  cafudi,  with  their  systems  of  ooncentric  kmcUfie  ;  in  aU  ike  rest  of 
t^  tigm  the  Umeilje  &re  drcnmferentiaL 
%  OfdinuT  perforating  ibree  of  Sh&ipej;  t,  e^  elastic  perfomtiog  fibres.     Drawn  under 
nbovt  160  diameteis. 


and  tlxns,  aa  they  shrink  in  drying,  leave  tubes  or  channels  in  the  dry 
boii6»  geoeially  leading  from  the  surface  inwardly ;  but  these  nncalcified 
fibrei  are  hy  no  means  frecjuent.  Tbe  perforating  fibres  are  often  con- 
nected with  the  periostemn,  as  is  the  case  with  most  of  those  which 
penetrate  the  external  table  of  the  cranial  bones ;  but  in  cross  sections 
of  qrlindric^I  bones  they  often  appear  to  spring  with  their  broad 
ends  from  the  deeper  lamcUiB  (with  the  fibres  uf  which  they  may 
be  directly  continuous),  and  especially  fi*oni  those  ncfir  the  circiimference 
of  a  Haversian  system,  and  taper  outwards  into  fine  points,  which  do 
not  reach  the  periosteum  (fig.  1)5) ;  although  without  doubt  they  must, 
bony  layers  in  which  they  occur,  have  been  formed  by  sob- 
\  oasificatton.    They  arc  rarely  if  ever  found  in  the  concentric 
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BTstema  of  Haversiaii  lameOa^.     Perforating  fibres  exist  abundantij  j 
the  crusfa  pctrosa  of  the  teeth  {Sharpev). 

Whcre  teiidoua  or  ligamints  are  inserted  into  bone,  the  fibre-bn 
of  the  tendcn  are  continncd  into  the  bone  as  perforating^  tibrDa,  i 
the  afctachmetit  of  tendon  to  bone  is  thns  rendered  reiy  intimate, 
of  the  bundles  of  whit«  fibres  of  the  periosteuiu  may  al8<:>,  as 
mentioned,  pass  into  the  bone  ^  perfomtiiig  fibres,  aud  the  same  isl 
case  with  the  elastic  fibres. 

Fig.  m 


Fig.  D6-— MA03fTnKt>  vrEir  of  a   pEUPij^TitrtttAtt  skcttot^   TiiRorcH    Tnx    mxr 

TUJLE   or   A    111' MAN    fAElETAL    DOSE,    UECALCIFIKD   (H.    Aliiller). 

At  fli,  jwrfomting  fibnea  in  their  natural  situation  ;  at  ft,  otiiera  drawn  out  by  separatioQ 
cf  ^0  Jamellie  ;  at  f,  the  holes  or  sockets  out  of  which  they  have  been  drawn  (H,  Mailer). 

The  animal  basis  of  bone  is  made  up  e^sentiaUy,  as  we  btire  seen,  of  lamelbp 
composed  of  fine  decnfisating  or  reticular  fibril- bundles  embedded  in  a  ground -fub- 
fltance  ;  but  interposed  among  these  lamella?,  lajcrg  are  here  and  thefe  met  with  of 
a  different  chtiracter,  havinja:  a  gi-imular  aspect,  with  the  lacmase  very  conefpicnoof 
and  regularly  arranged,  and  sometimes  appearing  as  if  surrotrnded  by  faintly 
defined  areolffi.  These  generally  incomplete  layers  are  often  bounded iiy  a  scal- 
loped border,  as  if  made  up  of  confluent  round  or  oval  bodies  ;  this  i«  indicated 
also  by  the  ocoaeional  occiurence  of  oval  or  flattened  spheroidal  bodies  eingly  or 
in  small  groups  near  the  border  of  the  layei-s,  each  Mith  a  lacuna  in  the  centre. 
In  some  parts  the  granular  gnbgtauce  is  obscurely  fibrous,  and  transitions  may 
he  observed  to  the  well-marked  reticular  laraiuje.  The  layers  described  appew 
principally  to  occur  near  the  surface  of  the  compact  tbsue,  and  at  the  circum- 
ference of  many  of  the  systems  of  conccntiic  Haversian  lamellre. 

IiTegnlar  layers  of  rounded  bodies » apparently  solid  and  withont  central  cavity* 
are  also  eometimes  seen ,  and  are  well  represented  in  figure  97.  Thes^e  layers  ate 
met  with  chiefly  near  the  surface  of  the  shaft  of  long  hones,  lying  among  the 
oiitmmferential  lamina; ,  and  apparently  forming  only  part  of  a  circuit.  Th^  call 
occaflionally  be  recognised  in  a  transverse  section  as  short  corvilinear  bands  of 
peculiar  aspect,  broader  in  the  middle  and  thinning  away  at  the  ends,  appeanng- 
here  and  there  between  the  cat  edges  of  two  ordinary  circumferential  laminas. 

Finally,  spaces  are  occa^nonally  seen  in  a  j*ection  of  bone,  which  are  chanic> 
terized  by  an  eroded  outline,  but  in  some  cases  they  may  be  partially  filled  up  by 
concentrio  lamellae.  These  were  named  *'  Haven*ian  spaces  ''  by  Tomes  and  de 
Morgan,  and  they  are  interpolated  or  intruded  amongst  the  regular  Haveniaii 
syBtem^i  some  of  which  may  hare  been  cut  in  upon  in  the  excavation  of  the 
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I  fazHierikoticed  by  Tomes  and  de  Morgan  that  the  Bpoces  m  question 
PM  nil,  I  m  be  aeen  being  tilled  up  at  ono  part  by  the  deposition  of  lameOiBi 
%^htf  ue  eacbending  themselvffs  by  ab6orption  at  another.  The  HaverBiaii 
'■■t  mMtt  amnaotui  in  joong  and  growing  bones,  but  they  occur  also  after 

»0  above  mentionod  are  due  to  the  peculiar  manner  in  which 
I  of  bane  oocurs  ;  for  it  is  effected^  as  will  presently  be  deacdbed,  by 


9T 


%fr — F^mm  ov  a  vot»irLATiit>  latvr  of  done-ttssitv  viom  intia  ths  snitVAoa 
ov  rum  mi  AFT  of  a  DKc^LciriED  KUMKHus  (Sbarjsej). 

it  «e  tMm  dnvda  of  fibrcma  lanietlie  are  se«n  in  the  Bgitre.     Magiii^ed  300  diametGn. 


of  Imrgm  multinooleated  ceUii,  which  excavate  little  hemispherical  pita 
et»    If  the  process  of  abeorption  should  ceaae  and  should  he 
by  m  re<4ipo«ition  of  osseons  snbetance,  the  new  osseous  matter  Mling 
^         of  db«  absorbed  surface  cxhibita,  when  it  is  detached^  a  raLsed 
Cjuimpoiuting  with  the  hollows  into  which  it  fitted. 

the  lamellar  charact'Or  h  far  lefw  distmot  than  in  adolt  bonea, 

htmg  cooatitnted  chiefly  of  bundle*  of  fibres  which  interltiee  in  eveiry 

Iq  tli«  ground  tfubtftanoe ;  in  this  reticular  form  of  osfleous  tlHsne  the 

m  hath  more  numeroud  and  irr^^ar  than  in  lamcllat4)d  bone. 

mm  m  often  the  cnae,  tendonia  become  oasiJied,  little  but  a  calcification  of 

iolwtanoe  of  the  tendon  occurs,  so  that,  alter  deciilcifying,  the  ten* 

agftin  beoomee  manifest. 

U.  K 
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The  exact  knowMg^e  we  podsess  of  the  inmate  structure  of  osseons  tlmb| 
larg-elj  tlta  restilt  of  the  careful  and  Uborious  resenrdi  of  the  late  Profea 
Sharpey,  whose  aocomit,  pablished  in  the  fiftli  edition  of  this  work  in  18i5,li 
needed  no  erasure,  and  but  little  addition »  even  to  the  present  day.  His  1 
in  this  field  have  been  to  a  certain  extent  lecogrntzed  in  the  adoption  of  1 
nam©  *'  fibres  of  Sharpey  "  for  the  perforating*  fibroa  discorered  by  him,  bil 
it  is  only  now,  after  the  lapse  of  many  yews,  that  the  facts  which  he  dem»l 
etrated  are  becoming  understood  and  their  slg^nificance  appreciated  by  histologic  I 

THU    FBIBIOBTBUM. 

The  periosteum^  as  already  stated,  is  a  fibrous  membrane  whtAl 
covers  the  bones  externally.  It  adheres  to  them  rery  firmly,  and  invert  j 
every  part  of  their  Burfiicej  except  where  they  are  covered  with  cartil 

It  is  composed  of  two  layers  ;  the  outer,  consisting  chiefly  of  wH 
fibres,  and  containing  occasional  fat-cells,  is  the  means  of  stippon* 
numerous  blood-yessels  destined  for  the  bone,  which  ramify  in  the  me 
brane,  and  at  length  send  their  minute  branches  into  the  Haven " 
canals  of  the  compact  substanoe,  accompanied  by  processes  of  filament 
tissue  derived  fi'om,  or  at  least  continuous  with,  the  periosteum, 
inner  layer  is  largely  made  up  of  elastic  fibres,  frequently  in  several  i 
tinct  strata.    Between  it,  however,  and  the  proper  osseous  tissue  there  I 
a  fibrous  stratum  containing  in  the  yoimg  bone  a  number  of  granular  < 
puscles  (osteoblasts),  while  in  the  adult  bone  these  have  become  fiatt 
out  into  an  epithelioid  layer  coveriag  the  osseous  substance,  and  areii 
many  places  separated  by  a  cleft-like  space  (serving  probably  for  the 
passage  of  lymph)  from  the  rest  of  the  periosteum  (Schwalbe), 

By  treating  the  membrane  with  nitrate  of  silver,  lymphatics  are  di^ 
covered  in  it  accompanying  the  blood-vessels  in  the  outer  layer  ;  and^  at 
in  other  aponeurotic  structures,  extensive  epithelioid  markings,  covering 
a  great  part  of  the  surface,  are  brought  into  view. 

Fine  nerves  spread  out  in  the  periosteum  ;  they  are  chiefly  associated 
with  the  arteries,  and  for  the  most  part  destined  for  the  subjacent  bone; 
but  some  are  for  the  membiuae  itself,  and  some  of  these  end  in  Pax;iniaa 
corpuscles. 

The  chief  use  of  the  periosteum  is  to  support  the  vessels  going  to  the 
bone,  and  afford  them  a  bed  in  which  they  may  subdivide  into  fine 
branches,  and  so  enter  the  dense  tissue  at  numerous  points.  Hence, 
when  the  periosteam  is  stripped  off  at  any  part,  there  is  great  risk  that 
the  denuded  portion  of  the  bone  will  die  and  exfoliate.  The  perioftteani 
also  contributes  to  give  firmer  hold  to  the  tendons  and  ligaments  where 
they  are  fixed  to  hones.  Its  relation  to  the  growth  and  renewal  of 
bone  will  be  referred  to  later  on. 


The  marrow  imeduUa  osstum)  is  lodged  in  the  interior  of  the  bonei^ 
it  fills  np  the  hollow  shaft  of  long  bones  and  occupies  the  cavities 
the  cancellated  structure  ;  it  extends  also  into  the  Haversian  canals— 
at  least  into  the  larger  ones — along  with  the  vessels,  A  fine  layer  of  a 
highly  vascular  areolar  tissue  lines  the  medullary  canal,  as  well  as  the 
smaller  cavities  which  contain  marrow  ;  this  has  been  named  the 
medullary  membrane,  internal  pcriostcimi,  or  endosteum  ;  but  it  cannot 
be  detached  as  a  continuous  membrane.  Its  vessels  partly  supply  the 
eontignona osseous  substance,  and  partly  proceed  to  the  clusters  of  adip 
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leg»  azncmg  wbicli  there  m  but  very  little  connective  tiafiue,  m  coiise- 

oe  perh^is  of  their  beiBg  contained  and  siipptirted  by  bonn. 

le  marrow  differs  considerably  in  different  situations.     Within  the 

of  the  long  bones  it  is  of  the  chanicter  of  ordinary  adipose  tigsiie, 
be  fat-cells  are  supported  by  a  kind  of  re ti form  tissue,  and  iK'twcen 

el^neots  occur  similar  to  those  immediately  to  be  mentioned  in  the 
EHirrow.  In  short  bones,  and  in  the  cancellated  ends  of  long  bones, 
B^jecially  in  the  cranial  diploe,  the  bmlies  of  the  vert-el>r^,  the 
nm,  and  the  ribs,  the  marrow  is  wd  or  reddish  in  colour,  of  more  fluid 
Bteuoe,  and  nith  very  few  tat-cells.  While,  however,  the  fat-c^dls  are 
y  in  the  red-coloured  marrow,  itcontains  numerouii  roundish  nucleated 
^~the  proper  marroW'Cells  of  Kolliker  (fig.  08,  ^~i).  Tliese  in  genera! 

Kice  rcfiemble  the  pale  corpuscles  of  the  blood,  but  are  larger,  with 
'  prot<.»plasin  and  a  relatively  larger  nueleua.  Like  the  pale  cor- 
ea,  tncy  exhibit  amoeboid  movements.  Amongst  them  are  smaller 
which  present  a  reddish  colour,  and  resemble  in  apjiearance  the 
itiTe  nucleated  corpuscles  of  the  embryo  (fig.  W,} — 0  ;  these  are  the 
witich  have  been  described  as  represeuting  transitional  forms  between 
ooper  marrow-cells  and  red  blood-disks  (vide  ante,  p.  37). 


Fig.  98. 
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Hl<3HLT    MAOiririBDw 


ft  \nfft  edi  tbe  nndeus  of  whicb  appe^ni  to  be  partly  drnded  into  three  by  oonslric* 
\  1^  m  eell  llie  enkrged  nndeus  of  which  kHow*  an  appearwioe  of  being  oonitricted 
ft  iiMilWr  of  nnftUer  nuclei  ;  r,  a  donraUeii  giaut-eeU  or  mjelopluxe  with  mAny 
S :  irf^  A  flBttOcr  myelopbLxe  with  three  nuclei  ;  t—\,  proper  cells  of  (Jie  maiTOW  ; 
I  fonu  of  coloui^  Qucleati^l  cells. 


tfaer  cella  have  occasionally  been  noticed  containiug  one  or  more  red 
iKBcks  in  their  interior  :  whether  these  have  been  developed  in  mlu 
manner  m'mihir  to  that  prcviimslj  described  in  eonnective  tissue 
□acles  of  the  young  animal,  or  have  l>een  taken  into  the  interior  of 
mceboid  cell,  there  to  be  transfi»rmed  into  pigment  granules,  is  nut 
linly  known.  CeUs  containing  reddieh  pigment  grtinules  are,  how- 
,  noi  nncomnum.  There  further  occur  in  the  marrow,  especially  in 
leighbonrhood  of  the  osseous  substance,  large  muUi-nucleated  proto- 
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pksmic  masses  (mf/dopIax/>s,  Robin  (fig.  98,  a—d)\  which,  aa  | 
out  by  Kolliker,  appear  to  he  more  eepecially  conceracd  with  tiie  \ 
of  absorjition  of  boi^e,  under  which  head  thej  will  suhseqwcntly  be  i 
alluded  to.    The  mjeloplaxee  vary  much  in  eize,  but  are  always  I 
than  the  proper  marrow-cell«.    Their  nucleus  is  not  always  multinfe,' 
when  single  it  ie  usually  enlarged,  and  presents  indications  of  <  '  '* 
(fig.  98,  a)  ;  it  may  even  he  bo  couatricted  as  to  exhibit  an  :* 
mo  nil  i  form  appearance  (fig.  98,  h). 


THE    BLOOD-TBSSBIiS    AND   IiTMPS&TIOB    OF   BONB 

Blood-veBselB. — The  bones  are  well  aupplied  with  blood-TesselE, 
network  of  periosteal  vesficlB  covei^s  their  outer  enrface  ;  fine 
run  from  tliis  through  all  jmrts  of  the  compact  tissue  in  the  Haverui  1 
canals  ;  others  penetrate  to  the  cavities  of  the  spongy  jxirt,  in  which  tbej 
Family  ;  and  a  considemble  artery  goes  to  the  marrow  in  the  central  part 
of  the  hone.  In  the  long  bones  this  meduUanj  arierif,  often,  but  impp^ 
perly,  called  **  the  nutritious  artery/*  passes  into  the  medullary  canal,  tiev 
the  middle  of  the  shaft,  by  a  hole  nmning  obliquely  through  the  comped 
suiietance.  The  vessel,  which  ia  accompanied  hy  one  or  two  veins,  theB 
ssends  branches  u|nvardB  and  downwards  to  the  marrow  and  medullary  mem- 
brane in  the  central  cavity  and  the  adjoining  Haversian  canals ;  from 
these  bnmches  capillaries  pass  radially  towards  the  periphery.  The 
comparatively  narrow  in-terial  capillaries  pass  suddenly  into  the  wide 
Tenons  ones,*  so  that  tfio  eiurent  of  blood  must  be  considerably  retarded 
both  in  these  and  in  the  large  thin-walled  veins. 

The  ramifications  of  the  medullary  artery  anastomose  with  the  arteneg 
of  t]ie  compact  and  cancellated  structure  ;  indeed,  there  is  a  free  ouin- 
munication  between  the  finest  branches  of  all  the  vessels  which  proceed 
to  the  bone,  and  there  ia  no  strictly  defined  limit  between  the  parts 


Fig,   09.— Skctiok    o»    a    HAV^tiatAjr   civUi, 

SUOVIKO  ITS  GOMTXJtlS.      HiGHLY  HAQltlFlSBl 

(E.A.S.) 


Fig.  9d. 


a,  amall  arterial  CftpQUry  Tessel  ;  l\  \iap 
venouawipillury  ;  n,  paJe  nerve- fibres  cut  »cw«; 
I,  cleft-like  Ijmiihatic  ve«wl  :  one  cf  the  ceQi 
fonning  it«  wall  ccinnitinicatcfl  by  fine  biTuirhi* 
with  the  bmtiches  of  ii  bone-caq>n»cIe.  Tlie 
8uiMtiinc6  ill  which  tba  Tfiaaela  mn  ia  cooneetiTO 
titttie  with  nunified  oalli  j  its  finely  granular 
AppeiLmnce  ia  probably  dtt«  to  the  ctdbb  saelioo 
nf  fine  fibriLn. 

supplied  by  each.  In  the  thigh  bone 
there  are  fm|uent1y  two  medullary 
arteries  entcrini^  at  cfiiTcrent  j>oints. 
Most  of  the  Haversian  c^mals  contain 
two  small  blood-vessels,  arterial  and  venous  (fig,  QD),  together  with  a 
small  amount  of  delicatt^  connective  tissue  containm^  bmnched  cells 
w])icb  are  flattened  close  to  tlie  bone,  and  communicate  by  their  branobefi 
witb  the  nmiifieations  of  the  lx>ne-corpnscles. 

The  voiivB  of  tbe  canoeilated  texture  are  xjecnliar  and  deserve  special  notice. 
Their  MTangoment  is  best  knowB  in  the  bonea  of  the  skull,  whetro»  beiny  lodged 
in  the  diploe  or  Bpon^  texture  between  the  outer  and  inner  compact  tablet* 
they  have  reoeiYed  the  name  of  the  diploic  veinE.    They  are  lai:ge  and  numeroui, 
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Im  KpaimteZj  from  the  artefries  in  canals  formed  in  the  cancellated  Btmctara, 
loC  wliieh  sre  oonstmcted  of  a  tliin  lamella  of  bone,  perforated  kere  and 
tlia  mdnuamaa  of  branches  from  the  adjoining  canoelli.  Bein^  thna 
imd  mappatbtdi  hj  the  hard  fltractnie,  the  veins  have  ^ceedingiy  thin 
nef  i«e  from  the  bone  bj  special  apertures  of  largfe  mi/e,  A  similar 
im  BeoL  in  the  bodies  of  the  Tertebne^  from  whence  the  yeina  come 
k  1^  ]m89  Qptmingg  on  the  posterior  surface.  In  the  long  bones  numerous 
ttftjr  be  0oen  at  the  ends,  near  t^e  articular  surfaces ;  some  of  these 
Ige  to  arteiiea,  but  the  greater  number,  as  weU  as  the  larger  of  them,  are 
ana  of  the  cancellated  texture,  which  run  Beparately  from  the  arteries, 

J  to  Hojer  and  Bindfleisch  the  venoos  capillaries  and  veins  of  the  red 

luKT9  xnoomplote  walls,  or  rather  are  channels  bounded  only  bj  the 

rpazvncliTma,  bo  that  the  hlood-oorpnsclea  which  are  being  formed  from 

~  %  readilj  get  into  the  circulation.    Langer,  on  the  other  hand^ 

I  vBMTolaz  i^item  of  the  marrow  to  be  a  closed  one.    That  the  chaxmeLi 

blood  flows  are  bounded  by  elongated  ceUs,  similar  to  those  of  eapE- 

K*  MtoaHoiif,  it  is  easy^  Rindfleiach  notwithstanding,  to  see,  but'  at  the 

I  §t  amsl  be  admitted  that  the  extreme  ease  with  which  these  cells 

i  Qom  another  betokens  the  lack  of  a  complete  union  between  them, 

incTCitticil  permeability  of  the  vascular  wall  in  consequence. 

mg  from  the  marrow  pofiseaeeA  a  large  number  of  pole  corpuficles, 
l«  BBcleatod  rod  oorpusoles. 

ities. — ^In  addition  to    the  lymphatics  in  the  periostenm 

iTe  ahreadj  been  mentioned),  there  are  others  m  the  HaYeman 

I  iOOOimpaBjing  the  Tessels  (Oe.  ^5  0»  ^^^  often  partlaUj  or  wbollj  9^ 

them   (perivascdlar).    1  he  lymph  or  plasma  of  the  blood  is 

to  penetrute  the  hard  bony  enbstance  by  meang  of  the  lacuna 

licating  canaliculi,  which  appear  to  bear  the  flame  relation 

^  l^pbatics  as  do  the  ceD-spaces  of  ordinary  coimectivc  tissiio 

ibmpoiitics  of  that  tisBue* 

i  find  merw^m  which  may  be  Been  entering  the  bones  along  with 
are  probably  chiefly  destined  for  those  Tessete ;  it  is  not 
I  vbellier  any  end  in  the  bony  tissue  itself. 

\  can  be  judged  &om  observatiouB  on  man  and  eiperimenU 
r  aitimalft,  the  bones,  as  well  as  their  investing  periosteum, 
^  if  at  all  sensible  in  the  healthy  condition^  althoiigh  they  are 
^  io  when  inflamed. 


WOBMATlOn    ABB    aBOWTS    07    BOHH. 

At  fbundation  of  the  skeleton  is  laid  at  a  very  early  period ;  for, 
[  tt(  vmrta  that  appear  soonest  in  the  embryo,  we  distingufsb  the 
t  OT  the  vertebras  and  base  of  the  skull,  which  afterwards  form 
,  median  column  to  which  the  other  parts  of  the  bony  fabric  are 
Bat  it  is  by  their  outward  form  and  Kituation  only,  that  the 
ating  the  future  bones  are  then  to  be  recognised;  for  at 
period  they  do  not  differ  materially  in  substance  from  the 
[ilractares  of  the  embryo,  being  made  op  of  mesodermic  cells,  with 
■mount  of  intercellular  Bu1)stance.    Very  soon,  however,  they 
CKtilaginons,  and  osslBcation  in  due  time  beginning  in  the 
[  and  continuing  to  Bpread  from  one  or  from  several  points^  the 
I  teomneB  graliually  formed. 
,  wUIe  it  is  true  with  respect  to  the  bones  generally  that  their 
dmmmoeiB  in  cartilage,  it  is  not  so  in  every  instance.    The 
i  lioraiing  the  roof  of  the  skull  may  be  adduced  as  a  decided 
I  to  tilt  contrary ;  in  these  the  ossiflcation  goes  on  in  connective 
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tissite  altogether  tinconnectcd  with  any  cartilage  ;  and  even  in  the  I 
hones,  in  which  ossification  undoulttedly  commences  and  to  a 
extent  proceeds  in  cartilage,  it  will  he  after vvartk  shown  that  t 
nincb  less  of  the  increment  of  the  bone  really  owing  to  that  mode  of  c 
cation  than  was  at  one  time  generally  helieved.    It  is  necessary,  the 
to  distinguish  two  species  or  modes  of  ossification,  which  for  the  i 
brevity  may  be  called  the  ifftramembrmwm  and  the  iniracariilagimut 

IHTHAlOMBRANOtrS    OBSIFIGATIOK :    OS8IFI0ATION    IK 
CONNECTIVE    TISSUE. 

The  tahnlar  bones  of  the  craninm,  as  alreadj  said,  afford  an  exampi 
of  this  Djode  of  fissitication.  The  base  of  the  skull  in  the  emliryo  i 
cartilaginous  ;  but  in  the  roof,  that  is  to  say,  the  part  comprehendiM 
the  parietal,  the  frontal,  and  a  certain  portion  of  the  occipital  bone 
wc  find  (except  where  there  happen  to  be  commencing  muscular  tibn 
only  the  integuments,  the  dura  mater,  and  an  intermediate  layer, 
which  the  ossification  proceeds. 

The  commencing  ossificiition  of  the  parietal  hone,  which  may 
selected  as  an  example,  appears  to  the  naked  eye  in  the  fonn  of  a  netwo 
in  which  the  little  bars  or  spicnla  of  bone  run  in  varions  directions,  \ 
meet  each  other  at  short  distances.  By-and-hy  the  ossified  part,  be- 
coming cxtendeJ,  gets  thicker  and  closer  in  texture,  especially  towards 
the  centre,  and  the  larger  bony  spicnla  which  now  appear,  nm  out  in 

Fig.  100.  Fig.    100.— Paribtal    bokk  t"F  u 

XMERl'O    SHEEP.       SiEK  OF  THB   : 

1     ^  BRto,  2 J  INCUKS,     (Sharpey.) 

I  ^  f  1  he  biiiall  upiier  figure 

^"^  llie   bflne  of  the  natural 

^^_^— — ^^-_ ._  larger  figure  i«  uiagnifted   aboai  i 

"-'--.^  diametei*.     The  curved    line» 

,>  4   ^  ^1  ^"-^  MArkfl  the  height  to  which  tha  i 

jaceat  cartilaginous  Ifunclla  < 
A  few  insulated  ijorticles  of  boos  I  _ 
seen  Qc&r  the  circuuiference,  an  i^ 
pearancQ  wkicli  is  quite  comiDOD  al 
thhi  Btugc, 

radiating  lines  to  the  circu 
ference^  The  ossification  i 
tinues  thus  to  spread 
consolidate  until  the  parietal 
meets  the  ocighboiiring  bones, 
with  which  it  is  at  length 
united  by  sutures. 

Fig,  IMO  rcpre«ente  the 
parietal  lione  of  an  einbry^j 
«hecp  ]d>out  two  iuclies  and  a 
half  long,  and  Rhows  the  diOf 
racter  of  tlie  rtfisltication  as  it 
appcara  when  the  object  is 
magnified  al>ont  twelve  dia- 
meters. The  bone  is  formed  in 
merohrane  as  in  the  human  foetus,  but  a  thin  plate  of  cartilage  rises  up  on  it* 
inflide  from  the  lms«:'  of  t  he  skull.  The  ossifieation .  however,  is  deeidedly  an- 
connected  with  the  cartilage,  and  goes  on  in  a  membnme  lying  outside  of  i  " 
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When  ftiitber  examined  with  a  hft^her  mafjuifying  power,  the  fcifisne 

in  which  the  ossifieatiun  is  jiroceediiig',  appoars  to  be  made 

fwiSbr^  and  ^ranulur  corpuscles,  with  a  ground  siiljstancc  Ijctweeii, 

'f  ia  I*  '  structure,  may  not  unaptly  be  compared  to  connective 

'  in  a  fi  8t4^^e  of  development.     The  eorpiiseles  are  large  and 

r^  ADd  thej  are  densely  packed  all  over  the  area  of  ossification, 

the  bonj  ftpicula,  and  tilling  np  their  interstices. 

^  ag  more  closely  the  points  of  the  growing  osseous  rays  at 
aoe  of  the  bone,  where  tfiey  shoot  out  into  the  sotl  tissue, 
M  vill  he  seen  that-  the  portion  of  them  already  cakified  is  gmunlar  and 
dttk  in  appearance  (fig.  101),  but  that  this  character  is  gradually 

Fig.  lOL 


[%]B^--F.ASt  OP   T9M   1>«TKL0PDrC|  PABTSTAt   BOHK   Of  A   rOTTAL   OAT  (I J   IMCQ   LOKU). 

^  (From  drairings  by  Mr.  J.  Lawrence,)     (KA,S.) 

1^1  puui  rf  tlM  gfOviDg  edge  Blightly  mj&^iGed,  allowing  the  bony  s])ii:iLl{!s  ierminated 

rbs^ci  of  jintBfgffiT**  fibres ;  a,  an  ij$olatt*d  bony  i^picule  iiuitcd  to  th^  mmii  pirt  of 
mi§^&tn  hf  m  tmadle  of  osteogenic  fibrcH. 
I  |(te  nft  wamatd  h  of  tb«  smaUcr  figure,  bighly  ini\gnified  ;  sp^  bony  spic!ulc.qf  wiili 
"•■■^illfaiHlftobbflfai  imlieiliied  in  them,  jriTHlui-ing  the  !actm»:' ;  out,  oAtcoblxi<!t^  [uirtly 
■laAAid  In  tli«  ikevlj  fornioci  Ixtnc  ;  of,  (vt^teogenic  tibrcM  ]irolDn}:;iiig  tbe  (fpieule^,  with 
m^tki^^  btf  «ai  tbcm  ftfic)  lifiplicd  to  them  ;  n^  granule.^  of  CAkuireou^  dG|»oBit  i>ctwcca 
il»«iai^iBk  Una  ;  mth  the  grantUeji  Imve  l>ei:oiiic  blendei],  aiiiJ  tbu  matrix  \m  cle&rur  ; 
It  r  ft  cMTlisQilf  »  cBtftblifthed  between  the  two  adjacent  iqjieuks. 

'  ImI  m  tbcf  are  traced  further  outwards  in  the  membrane,  in  which  they 
■1  |KQkuig«d  for  a  little  way  in  form  of  soft  and  phant  bundles  of  trans- 
frnmi  fbrea  (%.  101,  B»  of). 

Theie  arc  lenoood  odeotjenk  fihrp^i^  the  soft  transparent  matter  of  which 
tiKf  are  compoied  being  known  as  osteogenic  subBtance,  or  simply  as 

£Tbt7  exliibit  faint  tilirillatioo,  and  have  been  eompaijsd  to 
of  white  coiuieetive  tissue  dbrea,  with  which,  in  some  situations. 
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they  appear  to  be  continnons  (Gfegenbanr).    Bat  althongh  m 
chemiod  composition,  they  are  somewhat  different  from  these  in  ap| 
ance,  having  a  stiffcr  aspect  and  straighter  course,  besides 
distinctly  fibrillated.     The  fibres  become  calcified  by  the 
within  them  of  earthy  salts  in  the  form  of  minute  globales,  wh 
duce  a  darkish  granular  opacity,  until  the  interstices  between  tLe  gk 
also  become  csdcified,  and  the  minute  globules  becoming  thus  i 
together,  the  new  bone  again  looks  comparatively  clear  (fig.  101,  B|| 

Ajs  already  stated  the  fibrils  themselves  are  not  calcified,  but  the  ca^ld 
afifects  the  portion  of  matrix  which  nnites  them  into  the  osteogcnio  fibrea,  lo  ^ 
these  may  be  described  as  being  calcified. 

The  bundles  of  osteogenic  fibres  which  prolong  the  bony 
generally  spread  out  from  the  end  of  each  spicule  so  as  to  come  ui 
tact  with  those  from  adjacent  spicules.    When  this  happens^  the 
most  or  proximal  fibres  firequently  grow  together  (fig.  101,  B,  e)^ 
the  other  fibres  partially  intercross  as  they  grow  fiirther  into  the 
brane.    The  ossific  process  extends  into  the  osteogenic  fibres  pari 
with  their  growth,  and  thus  new  bony  spicules  become   conti_ 
formed  by  calcification  of  the  groups  or  bundles  of  osteogenic  fibrei. 

The  earthy  deposit  not  onl^  involves  the  osteogenic  fibres,  bafc  ato 
the  ground-substance  of  the  tissue  in  which  they  lie.  It  ooa^tomlb 
appears  in  an  isolated  patch  here  and  there  on  some  of  the  osteogaiK 
fibres  in  advance  of  the  main  area  of  ossification  (see  fig.  101»  A^  a). 

The  osteogenic  fibres  become  comparatively  indistinct  as  they  and  tki 
substance  between  them  calcifies ;  they  appear,  however,  to  pemifc  fa 
the  form  of  decussating  fibres,  such  as  are  seen  in  the  adult  bon^ 
although  in  the  embryonic  bone  their  disposition  is  less  lamellated,  till 
bony  matter  having  a  somewhat  coarsely  reticular  structure. 

In  this  way  the  first  bony  matter  b<KK)mes  formed  as  a  perforated  pUl 
or  network  of  osseous  spicules,  which,  whilst  becoming  extended  poi- 
pherally  in  the  way  above  described,  gradually  becomes  thicker  nearer  tbe 
centre,  partly  by  the  deposit  of  bony  matter  upon  its  surfaces,  paiilT  hy 
the  projection  from  them  of  bony  spicules  wliich  are  prolonged  like  tjxom 
at  the  periphery  by  similar  systems  of  osteogenic  fibres.  The  pcrforaticiiM 
in  these  first-formed  bony  plates  correspond  to  the  bays  whicn  were  seen 
between  the  advancing  spicules,  and  to  the  meshes  of  the  bony  netwoik 
formed  afterwards  by  the  junction  of  the  spicules,  and  as  the  bone  thicten 
they  become  enclosed  and  converted  into  reticulating  interstices  (like 
the  canals  of  a  sponge),  which  are  occupied  by  blood-vessels,  and  by  the 
corpuscles  before  mentioned.  These  corpuscles  also  everywhere  oow 
the  osteogenic  fibres,  to  which  their  flattened  sides  are  often  appltod 
(Fig.  101,  B,  oat).  Where  the  osteogenic  fibres  diverge  from  one  another, 
the  intervals  are  occupied  by  the  same  cells.  It  is  probable  that  the 
osteogenic  substance  is  formed  by  the  agency  of  the  cells  in  question, 
hence  the  name  "osteoblasts"  was  assigned  to  them  by  Gegenbanr. 
Some  of  the  osteoblasts  are  involved  in  the  ossifying  matrix,  and  remain 
as  the  coi*pusclcs  of  the  future  bone,  the  spaces  enclosing  them  being 
the  lacunas.  It  is  supposed  that  the  canaliculi,  which  are  at  first  short, 
are  afterwards  extended  by  absorption,  so  as  to  anastomose  with  tbcM 
of  neighbouring  lacunae. 

It  is  believed  by  many  histologists  that  the  fibriUated  ground-snbstance  of  bono 
b  formed  not  outside  the  cells  in  an  intercellolar  substance,  but  bj  a  direct 
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&  of  the  protoplasm  of  some  of  the  osteoblasts  into  bony  tissue.  If  tliis 
OMe,  there  ought  to  be  some  indication  in  the  formed  osseous  substance 
I-azeas  of  which  it  was  made  up,  but  nothing  of  the  kind  has  been 
»  exist,  lliere  should  moreover  often  be  observed  osteoblasts  which 
partly  converted  into  bony  substance,  but  this  has  also  never  been 
.  And  if  as  some  supx)08e,  the  peripheral  part  of  each  osteoblast 
converted  into  osseous  substance,  while  the  central  part  and  nucleus 
m  the  corpuscle  within  a  lacuna,  the  osteoblasts  would  have  to  be 
r  fiur  larger  than  the  permanent  lacunas,  which  is  certainly  not  the 
le  view  in  question  is  similar  to  that  which  supposes  ordinary  connective 
have  s  like  origin,  and  appears  to  rest  more  upon  theory  than  on  actual 
m  of  the  stages  of  the  developmental  process. 

irhfley  the  meshes  of  the  bony  network,  which  were  occnpied  as 
seen  by  one  or  more  blood-vessels,  and  by  numerous  osteoblasts, 
liminished  in  extent,  and  their  walls,  which  were  formed  by  the 
trabecnlsB,  at  the  same  time  increased  in  thickness  by  the  deposit 
sm  of  irregolar  bony  layers,  some  of  the  osteoblasts  remaming 
the  layers,  and  forming  the  coipnscles  and  lacnnas  as  before, 
antioes  of  the  bony  spongework  thus  become  gradually  con- 
nto  narrow  channels  in  the  osseous  substance,  containing  one 
blood-Tessels  surrounded  by  osteoblasts. 

ter  stage  the  increase  in  thickness  takes  place  by  successive  depositions 
HnellsB,  under  the  periosteum,  a  concentric  deposition  occurring  at  the 
0  on  the  walls  of  the  vascular  channels.  But  since  the  growth  in 
of  a  membrane-bone  takes  place  in  exactly  the  same  manner  as  that  of 
»  long  bones,  which  will  be  fuUy  described  in  a  subsequent  page,  the 
raferxed  to  the  account.of  the  process  there  given. 
be  observed  that  the  appearance  of  the  ossifying  membrane-bone  in  the 
ft  network  of  trabeculas  seems  to  be  determined  by  the  pre-ezistence  of 
r  network  in  the  embryonic  tissue.  The  new  bone  everywhere  makes  its 
»  in  the  spots  which  are  furthest  from  the  vessels,  and  the  bony  net- 
■ywhere  alternates  with  the  vascular  network.  At  the  edges  of  the 
f  bone  the  spicules  which  prolong  it  pass  between,  and  avoid  the 
Uood-vesselB,  which  are  thus  left  in  t^e  bays  between  the  spicules : 
gent  bunches  of  osteogenic  fibres  which  prolong  the  adjacent  spicules 
the  enclosure  of  the  blood- vesseL 

h  time  the  membrane-bone  extends  so  as  almost  to  come  into  contact 
neighbouring  bones.  But  as  long  as  growth  continues,  there  always 
n  the  situation  occupied  afterwards  by  the  sutures  a  vascular  connective 
h  numerous  osteoblasts.  This  is  continually  on  the  increase,  but  as  fast 
rs,  the  osteogenic  fibres  and  the  osseous  spicules  extend  into  it  from  the 
DCS  on  either  side.  At  length,  however,  when  these  have  attained  their 
msioTifl,  the  growth  of  the  intermediate  tissue  ceases,  and  it  becomes 
ty  invaded  by  the  bone  on  either  side,  with  the  exception  of  the  narrow 
^alar  line  of  suture,  which  may  eventually  itself  become  more  or 
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I  already  been  stated  that,  in  by  far  the  greater  number  of  bones 
)dermic  tissue  with  closely  packed  cells,  of  which  they  originally 
18  very  quickly  succeeded  by  cartilage,  in  which  the  ossification 

«nt  varieties  of  ossification  in  connection  with  cartilage  are  met  with  in  the 
t»  «id  these  are  distinguished  by  comparative  morphologists  by  special  names, 
a  the  calcareous  deposit  occurs  immediately  oatside  the  perichondrium  it  ii 
rotUftigj  immediately  under  the  perichondrium,  and  eating  into  the  cartilage 
within  the  substance  of  the  cartilage-matrix,  endottotit,  which  again  may  be 
sftdaly  or  central  (Parker  &  Bettany,  Morphology  of  the  Skull). 
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begins.   One  of  the  long  ]yoneB  taken  from  a  very  small  embryo,  jmt  I 
r>ssiticatioii  bas  commenced  in  it,  is  observed  to  be  distinctly  cartiL 
In  the  tibia  of  a  sheep,  for  example,  at  a  time  li^'beii  the  whole  emb 


Fig,  103. 


Mg.  102. 


Pig.  102.  — Hnjtunig  or  a 

TtXTUfl,      jTATDIUL       8IZK. 

(Sharpey.) 

The  upper  half  Is  di deled 
kngitudiuttlly.  a,  cartilage, 
6»  line  of  jtmctioa  of  bono 
arid  cartilage.  Tlio  perios- 
teil  bone  Wks  lighter  thui 
tlie  endocliondiul  bone  pro- 


Pig.    108.— SeOTIOK    of    PHALAXOKAl     BOMB    OF    Ht^MAJf    flBTUS,    AT    THF    TTMl   0»    COM- 

MiKciKQ  ossiFieATioif.      From  &  preparation  by  Mr.  P.  A,  Dixey.     ll«gmfied  about 
75  diAineten.     (ELA.S,} 

The  cartilajre  oell**  in  tlic  c;entre  are  enlargtKl  and  aeparatcd  from  one  another  by  daH;- 
lixikirig  calctficMl  nmtrix  ;  iV«,  layer  of  Ikhiq  deposited  underneath  the  |>erio§teuiii  ; 
o,  layer  of  osteoblasts  by  whi^h  thtH  hiyer  has  been  f(»rmed.  ^onic  of  tlie  osteoblasts  an 
already  embedded  in  the  new  lione  as  Incnitiie.  The  eartihige-cellH  ore  bocoaiiti;  en- 
larged aud  fatten &d  and  aminged  in  rows  al>ovo  and  liclow  the  calcified  oentre.  At 
the  ends  of  the  cartilage  the  cells  nre  smjiM  and  the  groujia  are  iiregolarlj  aimnged  ;  tba 
fibrotiB  perioetemn  b  not  sharply  marked  00*  from  the  cartilage. 

not  more  tban  an  inch  and  a  *iuarter  in  leogtb,  we  can  plainly  see  that 
tbe  Bubstanee  consists  of  cartilage-cells  iml>edded  in  a  pellucid  matrix. 
These  cells  can  a'arcelj  Ikj  said  to  lye  collected  into  g:roups,  and  are 
very  iiTegular  in  size  and  iliape.     They  become  eniurged  in  the  middle 


« 
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OSSIFICATION   IN   CAETILAGE.  lOT 

e  shaft  when  ossification  is  about  to  commence.  As  it  grows,  the 
ftoquires  firmer  consistence  ;  it  represents  in  figure  uie  fhture 
•ugQ  of  course  much  smaller  in  size,  and  it  is  surrounded 
brouB  membrane,  the  future  periosteum.  Vessels  ramify  in 
brane,  but  none  are  seen  in  the  cartilage  until  ossification  is 
begin.  In  a  long  bone  the  ossification  commences  in  the 
id  proceeds  towards  the  ends,  which  remain  long  cartilaginous, 
3nted  in  fig.  102.  Much  later,  separate  points  of  ossincation 
them,  and  form  epiphyses,  which  at  last  are  joined  to  the  body 
le. 

mner  in  which  the  process  of  ossification  of  a  cartilage  bone 
se  is  as  follows : — 

middle  of  the  cartilage  the  cells  are  enlarged,  and  are  separated 
another  by  a  relatively  larger  amount  of  matrix  than  elsewhere 
This  matrix  becomes  hardened  by  calcareous  deposit,  assumes 
ar  opaque  appearance,  and  has  a  gritty  feel  to  the  knife. 
e  the  cartilage-cells  above  and  below  tiie  centre  of  ossification 
alarmed  and  flattened,  and  piled  up  in  elongated  groups  or 
which  radiate  from  the  centre  for  a  certain  distance  towards 
*  The  columns  taper  towards  their  ends,  where  the  cartilage- 
h  compose  them  are  smaller.  Into  the  matrix  between  these 
"oapB  the  calcareous  deposit  extends  between  and  around 
B  of  cells,  so  that  the  calcified  substance  encloses  the  columns  ; 
paces  in  the  calcified  matrix  which  are  still  occupied  bv  the 
ieDs,  either  singly  or  in  elongated  groups,  being  termea  the 
nreokc  (Sharpey).  Simultaneously  with  this  deposit  in  the 
natrix,  a  layer  of  osseous  substance  (fig.  103,  im)  is  becoming 
1  the  outside  of  the  cartUage  underneath  the  periosteum. 
18  a  vascular  membrane,  containing  numerous  osteoblasts  (p), 
I  chiefly  collected  on  the  inner  surface  next  to  the  carti- 
ifc  is  by  their  agency  that  the  bony  layer  on  the  sur&ce 
tilage  is  formed  and  becomes  increased  both  in  thickness  and 
He  bony  layer,  when  viewed  on  the  surface,  shows  the  usual 
jfc  fibres  of  bony  lamellse,  and  as  other  layers  are  deposited  upon 
become  formed  between  them  by  the  inclusion  of  some  of  the 
■•     In  this  first  stage  of  ossification,  we  see  therefore  two  pro- 

3  on,  a  deposit  of  earthy  matter  in  the  matrix  of  the  cartilage, 
which  assume  a  highly  characteristic  arrangement,  and  a 
L  of  true  membrane-bone,  underneath  the  perichondrium,  and 
vesting  the  surface  of  the  cartilage. 

next  happens  is  an  irruption  of  the  subperiosteal  vascular 
^blastic  tissue  into  the  middle  of  the  cartilage,  one  or  more 
being  excavated  by  absorption  in  the  newly  deposited 
unella  and  the  tissue  in  question  passing  through  these  and 
r  into  the  cartilage  (fig.  104,  tr).  Here  it  absorbs 
)art  of  the  calcified  matrix,  and  by  demolishing  in  this 
s  of  the  walls  of  the  primary  areola),  forms  larger  spaces 
ukiry  areola  of  Sharpey,  the  medullary  spaces  of  H.  MiiUer) 
I  fill^  by  embryonic  marrow,  consisting  of  ramified  cells  and 
E,  the  cartilage-cells  which  occupied  the  primary  areote  dis- 
before  it  All  the  middle  of  the  calcified  temporary  cartilage 
hns  excavated  with  large  spaces  and  replaced  by  the  vascular 
ic  tiasae.    As  the  calcification  of  the  cartilage-matrix  extends 


m  BONE   02    08SE0TO   TISStTE. 

towa^fdfl  the  ends  of  the  Bhafi:,  pro€eec!ing  always  in  the  same  i 
the  OBteoblastic  tiftsuc  clijselj  follows,  and  after  supplanting  the  < 
cells  in  the  prhnary  areola?,  absorbs  jmrts  of  their  walla  bo  as  to  I 
two  or  more  tfjgLther  to  fonn  Becondary  areola  ;  in  this  way  a  [ 
part  of  the  primary  bone   (t:»r  calcified  cartilage-matrix)  is  at 
removed. 


Fig.  104. 


103, 


awnl 


ftfo  ; 


Fig»  104. — SicnoK  or  i 

Of   OHK  OF  TITB  LIM1 1 
Of  A  rSTAL  OAT,  A7  4  I 
AI>YAK0I1>    STAGS    Of  i 
ClTlOjt       TttAK       U 

iOMlWHJT        MORK 

HAOMiFiBD.     (Dnn 
X  Lawreaco.)     (K.i 

The  calcij^cation  of  tbiC 
lage  matrix  has  adTanoed  I 
the  ceutrGf  and  is 
between  the  gft>up«  of  i 
cells  which  are  now 
in  characteristic  rowv, 
Kubi^rionteal  bonj  dep 
baa  extended  pari  , 
the  cakifioation  of  the  c 
matrix.  The  cartih 
the  primaj-y  areolie 
nhrunken  and  atellate,  : 
casea  they  hare  dropped  OBl^ 
the  apace.  At  iV  and 
other  places  an  irruptioo  of  I 
inbperi  osteal  tiftsiue,  comp 
of  ramified  cells  witk 
lilasis  and  growing 
Teaeob,  haa  penetrated' 
anhperioateal  bony  cmal, 
hm  began  to  excaT&te^i 
ooodaix  areolje  or  tnedv 
apaoes  ;  p,  fibrooa  Ujer  of  i 
perioateum  ;  o,  layer  of 
blaata,  some  of  them  are  cm* 
l)eddcd  in  the  OBseoua  Ujtt  ai 
twoe  corpusclea  in  !acitoa»  ;  U, 
blood -vesaela  occupied  by  blood* 
corpUBclea.  B,  b^nd  the  liM 
of  oasifie  advance  the  pcrioatoiia 
may  ho  noticed  to  bo  dbtinctfy 
incurved*  This  incnrvatioa  ii 
gradually  mored  on,  the  cartH- 
age  expanding  tkehind  it  aatil 
the  head  of  the  bono  is  reacbid« 
when  it  forma  tho  peiioalflil 
notch  or  groore  repreaented  ia 
fig.  106,  p. 

At  a  short  distana^  lielow  the  advancing  ossificaiion^  the  medullary 
epajces  U'corae  at  lirBt  stJinewhat  more  enlarged  by  further  absorption^ 
but  at  the  same  time  their  walls  (which  were  at  first  formed  only 
by  the  remains  of  the  walk  of  the  primary  areolie  and  therefore 
only  by  calcified  cartilage-matrix)  begin  to  he  thickened  by  the 
deposition  of  layers  of  new  hone,  and  this  deposition  increases  gradually 
towards  the  middle  of  the  shaft  (eomptire  fig,  lOB,  c  and  d).  The 
kcunse  first  apjK^ar  in  this  deposit,  there  ore  of  course  none  in  the 


rii 


deposit 

tie  rowi  of  carUlage-cellB  is  not  seen  in  this  specimen.     Observe  the  geneT«l 
trabeculo)  and  the  vaacnkr  channels  between  them  to  nulbkte 
I  centre  of  oiicificatiofL     Tliisi  is  found  to  prevail  more  or  leas  in  all  bonea 
t  formed,  altbottgb  the  direction  of  the  tratjcculre  may  afterwards  become 
fcion  with  vuyiag  physiological  eonditionH,  and  especially  as  the  resttit  of 
\  directions. 


BOJTE   OR    OSSEOtm   TISSUE. 


falter-eommunicatin^^  t  lianuck,  wliicli  coutain  little  more  than  a  blood- V^j 
veescl  and  Bonie  jelly-like  embryonic  connective  tisaue  (fcetal  marrow]^ 
with  a  few  osteoblasts  applied  t/O  the  bone* 

In  the  end,  Bome  of  the  Cfnlargfed  cavities  and  open  etracture  refOAm  to 
form  the  cancellated  tinsoe^  bnt  much  of  thia  structure  Is  ofterwarda  removed 
by  absorption,  to  give  place  to  the  medullary  canai  of  the  i*haft.  In  many  of 
tliem  cavitiea  the  walL^  of  the  coalesced  primary  oreoloB  may  long  l>e  drntlngui^ied, 
lilce  little  archei?,  forming-  by  their  union  a  sort  of  festooned  outline*  opoit 
which  the  new  Ixmy  lamiujei  are  deposited  (see  figs.  lor»,  ^^  lOli), 

The  jfrimuri/  ofisi<*ft}t  mattrr  fonning  the  original  thin  wall^  of  the  areolsL,  iml 
produced  by  cidcification  of  the  cartUaginoua  matriit,  is  decidedly  granular,  and 
haa  a  daik  appejirance  ;  the  subscquout  or  stc&mfattf  drpmit  on  the  other  haodii 
quite  transparent,  and  of  a  uniform ,  homojreiieouM  ai^peot,  Thi^  secondary  depoot 
begins  to  cover  the  granular  bone  a  very  short  distance  below  the  stirfaoo  d 
oemfication  (see  fig.  108),  and,  as  already  Btated,  increjisefi  in  thickneaa  faztlMt 
down. 

%.  107. 


^=^: 


*s^kt  j'  "^  ^' 


Fig.   106.— TRAKSTIERIg   Sg'yrtOK    of    OSSIFTIffa    OAftTJLJltaiS,  INCLUDtHO  A   1»ontrOJT   OF  THl 
ADVANCIHO    CALCiFi CATION.        FroM     TU*     HttSHtRrS    OV   A    FdtTAL    SUKKP,    JiAOXlrltS 

70  DiiMKTsna.     (Sharpey.) 

c,  cartilag*,  the  ccll«  of  which  are  eolnrgtHl,  b«t  the  matrix  not  yet  calcii>ed ; 
h,  primary  oiaetruM  dopofiit  in  the  eartilage  matrix,  exteudiog  between  iho  cartilagO'Otlli 
and  enclu&iag  thcui  in  primary  areoliB. 

Pig.  107. — Smau,  ii>rtior  of  a  piotiox  of  drvklopttio  bokm,  takkn  at  thb  jr5':TT0» 

OF  Tll«  mnn  AND  CARTILAOB,  AND  KTAHUrill  W  TUK  FftRSH  CONDltloJf.       MAaSlFTW* 

ABOUT  HO  uiAMKTERs.     (Sharpey.) 

o.  A,  two  pf  the  new-forracd  osAeorui  tubes  or  areotie,  with  a  ft*w  ahninken  cartibig«* 
"lis  lying    in   them  ;  c,  e»rinflge-rcl1s  near  the  oiaifyi^tj  surffw"**  lairge  and  dwraitd 
ling  the  cavitief  in  the  matrbi  ;  on  the  left  of  the  fignru  Aome  of  them  are  ahnmkeiL 
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>  tlie  limit  of  tidrvoemg  oM&otkilcm,  the  blood-TeeBela  terminate  m  capil- 
I  (aee  figs.  105, 108)  wMcli  are  oft^n  somewhat  dilated.  It  is  soppo^^  by 
Jwt  thaie  Tascnlar  loops  by  their  growth  directly  produce  absorption  of  the 
,  bat  it  is  more  probable  that  this  la  caused  by  the  agency  of  f^nne  of  the 
ch  aiocompany  the  blood -ves^K  The  absorption  of  the  walk  of  the 
Bi«olas  (calcified  cartilage-matrix)  ge«ms  to  be  etfeetcd  by  certain  large 
.  108,  /yf)  which  from  their  function  have  been  termed  by  Koiliker, 
»,  ftad  which  are  foand  wherever  hone  i«  being  eaten  away :  we  shall 
tliem  fojther  on.  The  eecoudary  bone  which  thickens  the  walU  of  the 
J  tfittoeB  i»  no  doubt  formed  by  the  osteoblasts. 


Fig.  108. 


c^  ^i:^ 


. — Past     of     a     lonuitudixal 

or  THB  IlKVlLOftSG  FEVUJfc  Or 
,BBtT.  DftAWir  U5DEB.  A  XAGSI- 
fOWKH    or  350    UIAMSTEMS   (^m 

Dii  Koble  Smith). 

»  of  flattened  carlilag«- cells  ;  h, 
livjped  carlUage-celU  close  to  the 
;  bone,  the  matrix  between  lb 
:ified  ;  e,  d^  already  formed  bone, 
■a  tnbecnht  bein^  coTercd  with 
i  {e}t  exeept  here  and  there,  where 
Q  orosteodAjBt  (/),  iBscen,  eroding 
te  tfmbccuh«  ;  ff,  h,  cartilage*ccll.i 
m  beceme  tbrunken  and  irregular 
E  From  the  middle  of  the  figure 
■  the  dark  trabecnlie,  which  are 
K  adci&ed  cartilage  matrix,  are 
PJvrerid  with  occoadaiy  oskoub 
^deponled  by  the  ofteoMiuiia. 
lUr  loopa  at  the  extreme  limit  of 
aie  well  ahowii,  v  well  na  the 
i^peaiaiiee  of  the  cutikge-celk. 

^egazd  to  the  deifctination  of  the 
^eelljiv  two  opposite  view»  have 
aen  hj  biaFtologistB.  Acconling 
irliich  waa  that  adopted  by  H, 
and  baa  received  most  adher- 
capeulee  are  opened  by  absorp- 
l  tlie  oella  are  converted,  after 
\jng  diTiflion,  into  osteoblasts. 
ig  to  the  other^  the  cartilxige- 
emaelTet  become  removed  by 
111.  and  take  no  part,  directly 
ectly,  in  the  production  of  the 
7  bone.  The  latter  view  of  the 
iraa  taken  by  Lovcn,  and  it  wn» 

anted  by  Sharpey  as  in  all  pro-  

the  more  correct.  ^19     '  t^ 

lifficalt  to  decide  between  these 
AH  that  can  be  said  m  that  the 

demarcation  between  the  cartilage-cells  and  the  osteoblastic  tissne  is 
(gly  abrupt  (fig.  108),  and  that  the  latter  often,  if  not  always,  terminatea 
y  a  dilated  vascular  loop,  or  it  may  be  by  a  developing  capillary  filled 
Md  oorposcl^L  Except  that  they  are  generally  mncli  shnmkeu  and 
Bi  fofm  (at  leojst  after  death  or  the  action  of  reageut^),  the  cartilagc- 
m  no  abmption  and  no  distinct  evidence  of  division,  and  it  may  be 
d  that  this  is  alao  the  case  when,  as  sometimes  happens,  they  htive  uot 
ad  before  the  advancing  subt>Grio8teal  tissue,  but  remain  for  a  time  still 
I  an  mitoQched  primary  areola  (see  fig.  105,  e). 


OSSEOUS   TIS8I 


As  ossification  advances  towards  fche  ends  of  the  bone,  the  portion  u 
yet  cartila^Dons  continues  to  grow  at  the  same  time,  increasing  in 
every  dimeneioii,  Tlie  part  already  OBseous  increases  also  in  circaia- 
ferenc€  ;  fresh  bone  being  oontinually  deposited  in  the  giibperioeteil 
membranous  tissue  outside  that  which  is  first  fonucd  on  the  enrface  of 
the  tmrtilage  (figs,  105,  lOli),  The  snl ►periosteal  dtjjosit  takes  plac*?  m 
the  same  way  ajs  in  the  formation  of  a  membrane  bone.  Bony  spir  i  < 
prolonged  by  bunches  of  08tei>genic  fibres  (fig.  109,  o)  project  out  (s^m 
the  previouBly  formed  layer,  into  the  intervaLs  between  the  blood-Teneet 
By  the  union  of  the  spicules  these  become  in  like  manner  encloeed  is 
channels  whose  walla  are  gradually  thickened  by  deposits  of  ofiseooi 
lamelkc,  between  which  some  of  the  osteoblasts  are  left  behind  as  bone- 
corpuscles  in  lacunie*  whilst  others  remain  surrounding  the  blood-veaseh 
in  the  vascular  chamiels. 


y 


Pig.  109. — Part  of  a  TRANffntnsi  seotioh  of  a  »kveix)Pino  louo  boke,  ratbs&  howb 

ADVAHCttl*  TBA»   TKJlt   RItPHlSBRTKIi   IN  Fia  105,    AWD    tJHDER    A    UIGIIER   M±amrnS9_ 

powjcE  (KA.S.)     From  a  drawiko  iit  Mr,  J,  Lawrincx. 


I  in  oSH 


chf  endtjchoudmi  bone  which  began  rs  r  calcification  of  tlio  cartilage  niRtrix,  parte 
which  FtiU  remain  (er)  covered  over  hy  secondRrj  oeseoun  depoftit ;  o,  secfindary 
oocapied  by  vemels,  foetal  marroWi  and  osteobltistR ;  pb^  ijcrioatcal  Imne  deyxwited 
form  of  ijTcgnlar  trabeonlsB,  prolonged  extcniRUy  by  bony  sfnculcs  passing  into  bimcbet  «C 
iictoogenic  fibres.  Thews,  which  are  everywhere  ooTered  with  osiA^ohlasiM,  become  Wst  m 
tli«  extenml  fibroaa  layer  of  the  periosteum^  p  ;  Id,  U^  hlood-tesseia  varionaTy  cot. 

Tlie  first  foraied  bony  tissue  is  diflcrcnfc  in  its  general  appearance 
the  bonj  tissue  of  the  adult,  being  nion^  reticular  and  less  rcgnl 
lamellar,  and,  for  a  lung  wliile,  even  the  sliafts  of  the  lung  bonos 
rather  cancellated,  than  coinpi^jt  in  tlicir  texture.  The  more  iibvioudi 
Iftmellated  condition  does  nut  begin  to  appear  until  about  the  six 
month  after  birth,  when  the  periosteum  depositfi  a  i3UccL«sion  of  entire 
lamelhc  around  the  emiirj'onic  bone.  The  blood-vessele  whit-h  pass  from 
the  periosteum  into  tlie  bone,  pierce  these  circnnift^r'cntial  lamellae, 
but  are  not  at  first  BUiTf^imded  with  concentric  laniclla%  and  do  not 
therefore  be  in  true  Haversian  canals  *  The  latter  Ixcome  foniied  later 
bj  absorption  taking  place  around  the  blood-vessels  for  gome  little 


*  Even  m  the  adult  bone  it  may  often,  be  noticed  that  the  blood*' 
tfafl  npozficul  lamelLae  are  not  enclosed  by  Ha?ei«iaD  systema. 


▼eaaeb  whi<^  i 
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pp  succeeded  bj  a  re-depoBition  of  cuncentric  lamellae  within  the 
tarian  spaces  thuB  formed. 

ttttediaftelj  before  the  occturence  of  the  lamclkr  deposition  antlet  the 
iUnm.  the  TOOfig  booe  imdergoes  a  tjrooeie  ot  abK»rptioti  from  the  inside, 
ianednlljuy  canal  becomes  therebj  enlargpodr  and  the  medullary  eiKioes, 
iHilirliy  tluMe  neftr  the  medullary  canal,  partaking'  of  this  ab€«orption  and 
^Qownts  tlie  remit  is  thftt  at  about  this  period  thero  in  It^sa  bony  matter  in 
taoB  of  the  ^h&ft  than  there  waa  immediately  before.  To  the  change  in 
Ion  Schiralbe  has  given  the  name  *'  osteoporo^tis  ; '"  it  is  followed  by  a 
^OMtioEi  of  oeseons  lamellie  both  on  the  wall  of  the  medullaxy  coual, 
m  the  walU  of  the  medullary  spocea  of  the  embryonic  osseous  tisRie. 
jee  the  cartilai^e  grows  in  every  dimenmon  by  intcri^itial  cxpan.^ion.  the 

^whidi  ifl  inTading  it  (endochondral  lx>ne)  becomes  grofluaOy  w  t*ier  as  the 
jKtiaii  advaaoes^  It  m  narrowest  near  the  centre  of  the  j^haft  wlier^  the 
0S  be^miL,  and  widens  gpradaally  towards  tlie  endn  ;  it  ha»  therefore  Bome- 

of  an  bour-glasB  shape  (fig,  105^  t.f^,\  The  cylindrical  form  of  the  shaft  is 
taincd,  howerer^  by  the  thickness  of  the  perio^jteal  bone  being  greater  at  the 


Fig.  no. 


110.  — LonorrrsiirAi.  sttcrio^    THHoron    the 

KEU^TKAJ,    YUICEJLHIMQ    OT    A    BOSK    AT     ABf'tTT 

ft  aanK  nAOK  or  i>KvtLi)pxX5T  as  tbat 
rmxsMirraxi  if  no.  105.  From  ^  cbuwiag  by 
%  1.  Imwrnom,     (B.A.S.) 

ttttfla^  with  Ute  cells  in  rowe  ;  the  tissue  of 
hiakening  is  eharpty  marktHl  off  from 
IJm  toAfic  ;  p,  outer  layer  of  the 
L ;  V  JV  iimcr  htyoT  of  the  periosteum  c^r 
'flrac,    witli   oflteogeaic    fibrcB,   tnil 
One  or  Iwo  UuodveaseLi  are  obaerred 


ve  (wbiCTe  tlie  deposition  of  bone  firat  began, 
has  been  longest  proceeding)  than  at  the 
L  Here  it  gradual ly  diminij^hes  to  a  thin 
f  imjnediately  invei^ing  tliat  part  of  the 
Hage  into  which  the  calcification  is  extend- 
ao  Hiat  the  intramembranous  subperioHtcal 
fcfttkni  on  the  outside,  may  be  said  to  closely 
inpanj,  if  it  does  not  even  precede,  the 
tficatioii  of  the  cartilage  in  the  interior, 
per  tlua  investment  of  perio«teal  lx>ne,  or 
Calcification  of  the  cartilage,  Ncems  to  hinder 
Isterai  ezpaoMon  of  that  part  of  the  carti- 
(  in  which  the  calcification  in  proceeding ; 
immediately  beyond » the  expoxision  already 
HoofBd  takes  place.  By  the  time  that  the  osfdfication  has  mlvanced  to 
|Kxtremiti€59  of  the  ^haft,  the  enlarged  and  expanded  end  of  the  cartilage  haa 
Uded  itself  over  the  rabperiosteal  layer,  to  that  thi**,  with  the  accom- 
fiskg  osteoblastio  tifcne*  now  Beem<«  to  lie  in  a  groove  or  notch  (fig.  105,  p) 
he  caztila^inons  head  of  the  bone  (Tlanvier).  This  groove  i»  fiUed  with 
flokme  tiAHie  as  that  which  underlies  the  rest  of  the  T>erio«teum,  namely  a 
lolar  tisvue  with  branched  celh*  and  oeteoblasta  and  osteogenic  fibres.  The 
^  are  prolonged  from  the  periosteal  bone,  and  hare  for  the  mo#t  [lart  a 
^itndinjal  direction  (fig,  UO), 

lood-TeHsels  erteod  from  the  newly-formed  osseous  ti^-^ene  beyond  it  into  the 
Qjige.  The  vesetJa  aie  loJged  in  exca\'ations  or  branching  cana!a  in  the 
Qage  (fig,  105)  which  also  contain  granular  corjiuscles  (?  osteohlaKtw).  Other 
nlmr  canals  enter  the  cartilage  from  its  outer  surface,  and  conduct  veaeela  into 
reoCly  from  the  perichondrium. 

be  formation  of  oaseoaa  tisBoe,  having  thiia  proceede*!  for  mme  time  In  the 
Sfc,  ftt  length  begxna  in  the  extremities  of  the  l>one  from  one  or  more  inde- 
lent  centrea,  and  eztenda  throogh  the  cartUage,  leaving,  however,  a  thick 
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supcrficml  layer  of  it  unossified,  which  petmanentlj  covers  the  articular  entU  of 
the  bone.  The  epiphysDa  thua  formed  are  separated,  as  long  as  growth 
OTitinues^  from  the  shaft  or  diaphysiia  by  an  intervening  portion  of  cartilfi^ 
which  is  afc  last  ossifietl,  and  the  bone  is  then  consolidated. 

A  remarkable  exception  to  the  ordhiory  mode  of  ossification  of  the  cartilag^boiktt 
occurs  in  the  fcoi-minal  plialangea  of  the  dig:it^.  In  these  the  caicific&tion  of  tibi 
cartilage  begins  at  the  distal  extremity  or  tip,  and  the  snb« periosteal  depoak 
npi)cars  simultancoui'ly  at  the  same  point,  and  forms  a  cap-like  expansion  onr 
the  end  of  the  phalan?:*  The  irruption  of  the  osteoblastic  tissne  also  first  occnm 
ht  this  place.  The  expanded  portion  of  the  phalanx  which  bears  the  nail  it 
formed  independently  of  cartilage. 

Growth  and  Absorption  of  Bone.— The  time  of  final  jnnction  of  tlie 
epiphyses  in  diffeient  in  dillcreut  bonoa ;  in  many  it  does  not  arrive  mittl  tbe 
body  has  reached  its  full  stature.  Meanwhile,  as  above  described,  the  booft 
iat-reasesin  length  by  the  ossification  continuing  to  extend  into  the  mtenrenuig 
cartilage,  which  goes  on  growing  at  tlie  same  time  ;  and  it  appears  that  in  lib 
part  of  tho  shaft  already  ossified  little  or  no  elongation,  taketj  phice  by  Inten^fciil 
growth.  Tliis  is  shown  by  an  expenment  first  made  by  Hales  and  afberward«bT 
Duhamel  and  hj  John  Hantei",  in  which » two  or  more  holes  being  bored  in  the 
growing  bone  of  a  young  animal  at  a  certain  measured  distance  from  each  other, 
they  ai"e  found  after  a  time  not  to  be  farther  asimder,  although  the  bone  ha§  in 
the  mean  while  considerably  increased  in  length.  On  the  other  hand,  if  one 
hole  be  bored  in  tho  epiphysis  and  another  in  the  shaft,  they  become  distinctly 
it?moved  from  one  another  with  the  growth  of  the  bone.  Moreover,  it  is  well 
known  that  if  the  intervening  cartUage  in  growing  bone  be  injured  by  dimiuit 
or  removed  by  the  knife,  the  growth  of  the  bone  in  length  permanently  ceaaca 

Both  Hales  and  Duhamel  iu  cxp<?rimeuting  on  the  growing  tibia  of  a  ohidkiB« 
oliserve<:l  that  the  elon^^ation  was  much  greater  at  the  upper  end.  Humphry  bti 
ehowii  that  in  the  ai-rn  banes  the  elongation  is  greater  at  the  end  furthest  from 
the  elbow  joint,  and  in  the  leg  bones  at  the  end  which  is  next  the  knee  joint 

In  the  human  subject  between  the  firgt  and  the  fourth  or  fifth  ye&r^,  the  long 
bones  grow  chiefJy  in  length,  scarcely  at  all  in  thickness. 

The  ahaft  of  a  long  bone  increases  in  circumference  by  deposition  of  new  bone 
on  its  external  surface,  while  at  the  same  time  its  medullary  canal  ia  enlarged  by 
absorption  from  within.  This  cm  be  detennined  hy^  two  methods  of  experi- 
menting. Thus,  in  the  first  place,  a  ring  of  silver  or  platinum  put  round 
the  wing  bone  of  a  growing  pigeon,  becomea  covered  m-ith  new  bone  from 
without,  and  the  original  bone  included  within  it  gets  thinner,  or,  noconi* 
ing  to  Duhattiel,  who  first  mafic  the  experiment*  is  entirely  removed,  so  that 
the  ring  comes  to  lie  within  the  enlarged  medullary  canal.  Secondly,, 
madder  given  to  an  animal  along  with  its  food  tingea  tho$e  parts  in  which 
deposition  of  new  bone  is  taking  place.  The  earth  of  bone  appears  to  act  as  a 
sort  of  mordant,  nniting  with  and  fixing  the  colouring  matter  ;  and^  as  in  this 
way  the  new  osseous  growth  can  be  reavlOy  distingniiihtd  from  the  old,  advantag« 
waa  taken  of  the  fact  by  Duhamel,  and  afterwards  by  Hunter,  in  their  inquiries 
as  to  the  manner  in  which  bones  tncreosc  in  size.  By  their  experiments  it  was 
shown  that  when  madder  is  given  to  a  young  pig  for  Fome  weeks,  the  external 
part  of  iu  bones  is  deeply  reddened,  proving  that  the  new  osseous  matter  is 
hud  on  at  the  surface  of  that  previouely  formed.  Again,  it  was  found  that, 
when  the  madder  was  discontinued  for  some  time  before  the  animal  was 
killed,  an  exterior  w^hite  stratum  (the  last  formed)  appcare^l  above  the  red  one*, 
whilst  the  inteinal  white  part,  which  waa  situated  within  the  red,  and  had 
been  formed  before  any  madder  was  given,  had  become  much  thinner  ;  showing 
that  absorption  takes  place  from  wnthin.  In  this  last  modification  of  the  experi* 
ment  also,  as  noted  by  Hunter,  a  trans  verse  red  mark  is  observed  near  the  ends 
of  the  bone,  beyond  which  they  are  white  ;  the  red  part  indicating  the  growth 
in  length  during  tlie  use  of  the  madder,  and  tho  white  beyond,  that  which  has 
taken  place  subsequently, — thus  showing  that  the  increase  in  length  is  eattsed 
by  the  addition  ef  new  matter  to  the  extremities.  Madder  administered  whilt 
the  process  of  formation  of  the  concentrio  lameUac  of  tho  Haversian  systems  is 
going  on,  oolonrs  the  intcdor  and  rocently'fonned  Imninse,  so  that  in  a  oitisi 
section  the  HaTersian  apertures  api>car  Bnironnded  with  a  rod  ring. 
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TUmreoB,  and  more  recentlj',  Kollifcer,  have  repeated  and  Taried  these  eacpeH- 
abts«  and  1uiti»  repreacnted  the  resxilta  in  beautiful  delmeation«,  KoUiker  has, 
I  additioiL.  <sarefiillj  inrestigiited  the  microecopic  appearancea  observed  in  the 
of  abBorptaon  ot  bone.  From  the  nsalta  of  hiB  researches  (which  were  in 
ift>  anticiiaitad  bj  thoee  of  Loven),  it  woald  seem  that  the  process  b  eBsentiallj 
dent  on  th«  pns&etice  of  large  multi-nnoleated  celbi,  bj  him  termed  '*  osteo- 
r  identical  with  the  **  myeloplaxes"  of  Robin  (»ee  p.  1  (Xt),which  excavate,  in  the 
LTT  which  IS  undergoing  absorption.  innaU  shallow  pits  {ftn-rvlcr)  in  which  also 
Tbeae  pita  were  first  noticed  by  Howship :  they  seera  to  oocror  wherever 
n  H  proceeding,  and  it  u  to  them  that  tho  festooned  appearance  of  the 
>  (p.  %)  is  doeu  The  osteoclasts  {fi^.  Ill)  vary  in  slxe,  but  are  alwa^ 
r  than  ^  blood*oofpn8cle :  in  shape  they  are  spheroidal  or  flattened, 
iih  «$iLb€tir  iiA  even  or  an  insular  ontline.  Their  substance  19  grannlor  in 
and  tJiey  each  contain  from  two  to  ten  clear  round  nnclei,  but  thia 
■mber  tCMf  be  contiderably  exceeded,  whikt  on  the  other  hand*  there  may  be 
Hi  ooe  lATgv  nnclens  provided  with  a  number  of  bud-like  projections.  The 
froqnently  present  on  the  sidu  by  which  they  are  in  contact  with  the 
a  tkickened  striated  border  (fig.  Ill,  « ),  somewhat  siroilar  to  the  well-knOTni 
ae  of  the  columnar  epithelium*cella  of  the  intestine,  AVith  resipeet 
a  the  otigiii  and  d^tiny  of  the  osteoclai$ta,  they  are  regarded  by  Kolliker  both 


n^lll. — THan  o>9taocLAST9  frok 
joaoaPTfoji  scarAccH  of  cRointrG 
waam    -ii>1>  MJJiETc^  (Kolliker). 

a,  witk  tiikkeiied  alriated  border. 


Fig.  IIL 


t«  ia  tbe  first  instance  derived 
fa/Ok  9xA  aa  erentnally  breaking 
oateoblaata.  Osteoclastit 
i  in  connection  with  the 
milk  teeth  where  these 
ig  abeorption  to  make 
the  pennanent  set ;  and 
preciselj  similar  occur  under  pathological  conditionij  in  various  aitnations 
apait  from  any  hard  ti^soe,  and  have  long  been  known  as  **  giant^ellfi  ** 

Virchow.) 

dia&ges  of  shape  which  the  bone^  undergo  in  the  process  of  growth,  as 

aa  aaj  changes  which  may  occur  in  them  in  adult  life^  are  all  produced  in 

Kme  maimcT  aa  the  increase  of  size — that  ia  to  8ay,  not  by  interstitial  growth 

rrpamdmi  of  the  substance  of  the  bcme  in  one  direction  more  than  in  another^ 

a  deposttlon  of  new  bone  by  osteoblaste  at  some  parts  and  a  .simultaneous 

by  osteoclasts  at  others  ;  whilst  in  other  places  again  neither  ab«§orp- 

depodticm  is  oocorring — ^jnst  as  a  modeller  corrects  his  work  by  laying 

at  one  part  whilst  removing  it  at  another.* 

during  the  growth  of  bones  their  shape  i.s  becoming  continually  altered, 

follows  that  in  nearly  all  bon^  during  growth  there  are  part?;  of  the  bone 
rliich  are  in  process  of  absorption,  and  others  which  are  in  process  of  more 
v«  depotxition  than  the  rest.  In  moat  of  the  long  bones,  towards  their  ends, 
baorption  i»  generaUy  taking  place  at  one  side,  and  deposition  on  the  opposite  side. 
former  process  may,  and  probably  does,  proceed  to  »uch  an  extent,  that  the 
Rdochondral  bone  may  be  laid  bare  or  even  partially  al)sorbed,  but  after  a 
Huie,  whiea  tiie  absorption  has  ceased  at  any  part,  rc-depo^fition  may  take 
tike  octeodaata  being  replaced  by  osteobluHts^  and  Fuccessive  circuai- 
lamells  being  deposited  by  these, 
A  Isrge  amoimt  of  vacji^ion  is  met  with  in  the  different  bones  of  the  skeleton 

*  For  special  de^uli  of  this  modelling  process  as  it  is  met  with  in  the  different  bones 
the  skelcrtaOy  the  nader  Is  referred  to  K^Uiker'a  nieiaoir  ;  Die  aormale  Resorption  des 

isetevtwebes.    hdpixgt  1873  :  and  to  a  paper  by  Ka3w>wtt2  (Die  oonaale  Oaification 

B.)  iafeickei't  Med.  Jahrb.  137£>-1SS0. 

I  2 


n 


lit 


BONE   OR   OSSEOUS   TISSUE. 


in  the  relative  extent  to  which  they  nre  formed  in  cartilngo  and  in  the  fab* 
periosteal  lissne  respectively,  IVhercxis  in  some,  such  a&  the  long  bones  of  thi 
limbd,  the  endochondral  bono  ia  ahnost  cnfctreily  removed,  as  we  have  k^cd, 
and  periosteal  bono  suhstitutcd  for  it ;  in  others,  snch  as  the  bodies  of  the  vr  rU- 
brffl,  a  much  larger  proportion  of  the  adult  hone  has  had  an  endochondral  fonn*- 
tion.  In  one  or  two  bones  or  parts  of  bones  again,  which  m^y  be  said  to  han 
\ypicaU7  an  intramembninoiia  origin,  cartilage  maj,  according  to  KassowiH^ 
become  developed  under  the  periosteum  at  certain  places,  and  the  continuatioa  <tf 
the  ossification  may  occur  in  this  gccondarOy  developed  cartOage,  This  is  said  to 
be  the  ca**©  with  the  claviclej  tlie  foundation  of  which  is  Itiid  in  membrane,  but 
which  IB  found  at  a  later  period  t-o  have  cartilaginous  ends  ;  and  aleo  with  th« 
halves  of  the  lower  jaw-bone,  which  is  said  to  develop  cartilaginonfiends  both  towudi 
the  sjTnphysis  and  towards  the  articular  and  coronoid  processes,  these  cartilagiaoai 
ends  being  altogether  distinct  from  the  cartilage  of  Meckel,  which  at  those  ptiti 
ifl  unconnected  with  the  jaw-bone,  although  at  another  place  it  is  involved  in 
the  OBsification  of  the  maxilla  (see  voL  i,,  p.  74 ).  Kassowitz  has  described  also  similar 
cartilaginous  developments  in  connection  with  the  sub> periosteal  tissue  attbt 
tuberosity  of  the  radius  and  the  spine  of  the  scapula. 

The  time  of  commencement  of  ossification  in  the  different  bones,  as  well  ii 
the  numl>er  and  mode  of  conjunction  of  their  centres  of  ossification,  have  been 
treated  of  in  the  Descriptive  Anatomy, 

Bo^eaeratlon  of  Bone*— In  the  reunion  of  fractured  bones,  osseon^  matter 
(which  may  he  preceded  by  a  new  formation  of  cartilage),  is  formed  be- 
tween and  around  the  broken  ends,  connecting  them  firmly  together;  and 
when  a  portion  of  bone  dies,  a  growth  of  nt*w  bone  Yexj  generally  takes  place  tc» 
a  greater  or  Ipjis  ejctent,  and  the  dead  part  ia  thrown  off.  The  importance  of  tht 
p^osteum  in  the  process  of  repair  in  ahowTi  by  the  fact  that  if  a  portioii  of 
periosteum  be  stripped  off,  the  sfubjacent  hone  will  be  liable  to  die  and  exfolijyte; 
convei'sely,  if  a  large  part  or  the  whole  of  a  Irone  be  removed  and  the  periosteora 
at  the  same  time  be  left  intact,  the  bone  will,  in  a  great  measure,  be  regeneratal 
Osseous  formation  will  even  occur  in  connection  with  portions  of  periastecmi 
which  have  been  stripped  away  from  the  bone  itself  and  intertwined  amongst 
the  muscles  of  the  part,  or  even  with  portions  that  have  been  entirely  remoTii 
from  a  bone  and  transplanted  to  a  soft  tissue.    (Oilier.) 

It  is  doubtful  if  the  marrow- tissue  can  assist  in  the  regeneration  of  bose. 
Experiments  which  have  been  made  t-o  determine  this  point  would  seem  to  show 
that  although  in  the  young  boue.  where  the  oiiteoblasts  still  retain  their  osteogenic 
function,  the  modullajy  tissue  may  take  an  active  part  in  the  formation  of  the 
first-fonncd  new  bone  or  "callus/'  in  the  adult  no  such  participation  of  tJue 
marrow  in  tlie  regeneration  of  bone  takes  place. 

In  the  young  subject  even  small  pieces  of  the  bone  itself  can  be  transiplantfd, 
and  McEwen  has  succeeded  in  renewing  the  greater  part  of  the  excised  humenu 
of  a  child  by  the  introduction,  at  successive  periods,  of  portions  of  fresh  bone 
removed  from  another  iiatient. 

It  waj3  long  suppc^ed  that  all  the  bones  of  the  skeleton  were  preceded  by  and 
deposited  in  cartilage.  Kesbittt  however,  showed  in  17 'M  that  some  of  the  flat 
bones  were  formed  independently  of  cartilage,  and  he  further  maintained  tha^ 
the  cartilage  is  **  entirely  destroyed  ;"  he  therefore  considered  it  to  be  a  mem 
temporary  substitute :  but  the  steps  of  the  process  of  intracartUaginoiia  oni- 
fication  as  now  traced  with  the  aid  of  the  micxoFcope  were  unknown  to  him,  and 
it  was  not  until  the  year  1S4G  that  the  manner  of  formation  of  bone  and  the 
extensive  replacement  of  the  primarily  ossified  cartilage  by  new  hone  formed  in 
membrane  was  made  clear  by  the  res^ux^hes  of  Sharpcy,  who  published  the  resolte 
of  his  work  in  the  fifth  edition  of  this  book. 
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Recent  lilterature  of  Bone. —  Tirurh,  Ikitr.  i.  Entwickl.  d.  Kaochensyst.,  Denkschr* 
iL  Schwei/er  aatiirf.  fii;^lkoh.»  XII.  1S52,  I'onifs  and  de  3torgitn^  Oliscrr.  on  Um 
struct,  aatl  dcvcl.  of  hmQ,  Phil.  Trans.  1  &i>3.  U*  Muflcr,  Entw.  d.  Kiiochi-nsubflft,  Jkt, 
Zeitechr.  t  wi«».  Zooh  IX,  18^3  *,  Sbaqicy'a  diirchbohr.  Foscni,  Wunb.  naturv. 
Zeitschr,  1S60.  OHier,  Titmnd.  du  p^riaste,  J,  de  k  p^yaiol.,  185&,  18G0  ;  TiaiiA 
«xp.,  1867  :  Acer,  dca  m  longs,  Ecvuc  des  coun;  sci.,  1872  ;  Arch,  de  phydoL  7.^ 
1873;  EevuQ  mousuellc,  1S77.     Ki^llkcr^  Verbrcitiing  tier  "perforatmj  fibres,"  WiwJ^ 
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2ntK^r.,  IBtO:  Victkcm.  ZeUen  der  Knoohen,  Wuizh.  Vcrb.\ndL,  1872;  Die 
Jtwoiptiffp  Itc,  1873  ;  aUo  in  Wuob.  Verhaudl.  VL,  1874.  Humphry, 
«ii  the  growth  of  the  long  bones,  kc.,  Me4.  Chir.  Tmna.  XLIV,,  IStil ;  On 
t  srovtk  of  tlie  javs,  Tram.  Cambr.  FhiL.  Soc.  IX.,  18&5  ;  an«l  J.  of  Anat.  and 
^«  1878w  Zor^n,  Studier  bfrer  Bemrafnaden,  Stockholm,  1S63.  Jiobin,  Sui 
;«,  J.  d«  TAMct  ct  do  b  phys.,  1864;  Tigg,  in4dolI,  Gm.  m^.,  1865. 
>,  Eildnng  d,  Kn.,  Jena.  Zeitschr.,  1864  and  1866.  WMqfer,  Ossificatioim- 
Itf^d.  C«Dti»lh.,  1364 ;  Aich.  1  mikr.  Anai  L,  1665.  Ufftlmann,  Laagen- 
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MUSCUIiAB    TISSUE. 

The  miiscular  tissue  is  that  by  means  of  which  the  actire  mOTementi 
of  the  body  are  produced.  It  consists  of  fibres,  which  are  for  the  most 
part  coUected  into  distinct  organs  culled  **  muscles/'  and  in  this  fonn  it 
is  familiarly  known  as  the  flesh  of  uniinals.  These  fibres  are  ako  dis- 
posed round  the  Bides  of  ca\nties  and  between  thccoata  of  hollow  vi seem, 
forming  strata  of  gix^ater  or  less  thickness.  The  muscular  fibres  are 
endowed  with  contractility^  hj  virtue  of  which  they  Bbrinlv  or  contnict 
more  or  less  rapidly  under  the  influence  of  certain  causes  which  are 
capable  of  exciting  or  calling  into  play  the  property  in  question,  and 
w^hich  are  therefore  name<l  stimuh.  A  large  class  of  muscles,  compre- 
hending those  of  locomotion,  respiration,  expresgion,  and  some  others,  are 
excited  hj  tbe  stimnliiB  of  the  will,  or  vohtiou^  acting  on  them  tbrough 
the  nerves;  these  arc  therefore  named  "vohmtary  mnsclt^"  altbong:li 
some  of  them  habitually,  and  all  occasionaUy,  act  also  in  obedience  to 
other  Btimuli,  There  are  other  muscles  or  rauscular  fibres  which  are 
enthelj  withdrawn  from  the  control  of  the  will,  such  as  those  of  the 
heart  and  intestinal  canal,  and  these  are  accordingly  named  **iiivoltlll- 
tary.'*  These  two  classes  of  must^es  difler  not  only  in  the  mode  in 
>vhich  they  are  excited  to  act,  hut  also  to  a  certain  extent  in  their 
anatomical  characters ;  and  on  this  account  we  shall  consider  tbe 
stmctm-e  of  each  class  separately. 


BTBUCTTJBB    OF   VOLUNTABY   MUSCIiKB.  ^ 

The  voluntary  muscular  fibres  are  for  the  most  part  gathered  into 
chstinct  masses  or  muscles  of  various  sizes  and  shapes,  but  most  generally 
of  an  oblong  form,  and  fnrnished  with  tendons  at  taeh  extremity,  bj 
which  they  arc  fixed  to  tbe  hones. 

Tbe  muscular  fibres  are  collected  into  packets  or  bundles,  of  greater 
or  less  thickness,  named  yf75f?V;^/*  or  imperii  (fig.  112),  Tlie  fibres  are 
paraUel  in  the  fasciculi  ;  and  the  fiLseicub  extend  continuously  from  one 
terminal  tendon  to  the  other,  unless  in  those  instances,  hke  tlie  rectus 
muscle  of  the  abdomen  and  the  digastric  of  the  infenor  maxilla,  in 
which  the  fleshy  part  is  intermpted  by  interpi>sed  tendinous  tissue. 
The  fasciculi  also  very  generally  rnn  pamllel,  and,  although  in  many 
instances  they  converge  towards  their  tendinons  attachment  with  various 
degrees  of  inchnation,  yet  in  the  vohmtary  muscles  they  do  not  inter- 
lace with  one  another. 

An  outward  investment  or  sheath  of  areolar  tiy^sae  (perimymim) 
snrrounds  the  entire  nmsule.  and  sends  partitions  iiiwards  between  the 
fasciculi ;  fm^nishing  to  each  of  them  a  special  sheath.  The  areolar 
tissue  extends  also  between  the  fibres  {mfhmf/sii(m%  but  does  not  afibrd 
to  each  a  continuous  investment,  and  tlierefore  cannot  be  said  to  form 
sheaths  for  tbem.  Every  fibre,  it  is  true,  has  a  tubular  sheath  ;  but 
this,  as  will  be  afterwards  explained,  is  not  composed  of  areolar  tissue. 
The  perimysinm  contains  elastic  as  well  as  white  fibres  ;  but  the  clastic 
clement  is  found  principally  in  its  investing  {as  distinguisbed  from  its 
penetrating)  portion.  In  the  cndoniyRinm  numerous  plasma-cells  are 
round.  The  chief  uses  of  tiio  areolar  tissue  are  to  o uinect  the  fibres  and 
fasciculi  together,  and   to  coiuiuct  and  support  the  blood-vessels  and 

Tves  in  their  ramifications  between  the  parts.    The  relation  of  these 
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iliflerent  snbdiTisians  of  a  mnscle  to  each  otlier,  as  well  as  the  shape  of 
'tbe  fiificicnli  and  fibres,  is  well  shown  in  transverse  Bcction  (figs.  112 
'  113). 

Pig.  112.  Fig.  113. 


fi§*    IIS.— ik«    BTLkLt,    yORTtOV  or   JtVBOh^t  OOHBlSTIira  OF  LAtUlSR  AKD  fiMALLCIt   WASCt- 
CrU,  lATTUli   BISS  ;  By  THS  SAXX  HAQKIFISD   5   DLiMSTBlta,  SHOWIKQ   A  TRAJTSVIBSI 

f%.    US. — ^A  www  XUaCTLAR   FIBRtS,  BKOO  PART   OF   A   8M1LL  FASQCCillS,  MORI  BiaHLT 

XAuyiFiBU  (ShArpey), 
a,  end  riew  of  ^,  &,  fibres  ;  c,  a  filiro  Hplit  into  flbnla, 

Fasdeali. — Tlie  faseicnli  arc  nf  a  prismatic  fi<(tirc,  arid  their  sections 
liaTt  t  lierf'tV.re  an  angular  outiine  (fig.  1 1 2).  The  nmnlKT  of  fibrog  of  whieh 
they  consist  varies,  so  that  they  differ  in  thickness,  and  a  large  fasciculns 
niaj  l>e  divisible  into  two  or  three  orders  of  successively  smaller  bundles, 
hot  of  no  r^indtirly  diminisliin;[r  magnitude.  84jme  muscles  haic  large, 
otberg  only  small  fasciculi ;  and  tlie  coarse  or  line  textui*e  of  a  muscle, 
«i  reco^Qiied  by  the  dissector,  dej:»enda  on  this  cinumHitunce.  The 
kngtb  of  the  fasciculi  is  not  always  proportioned  to  the  length  of  the 
mafidey  but  depends  on  the  arrangement  of  the  tendiins  to  wjiich  their 
extremiiies  are  attached.  WTien  the  tendons  arc  Hmited  Iay  the  ends  uf 
*  long  mnatle,  as  in  the  sartorius,  tbe  fasciculi,  luiving  to  pass  from  one 
extRmiiy  to  the  other,  are  of  great  length;  but  a  long  muscle  may  be 
made  up  of  a  series  of  short  fasciculi  attached  obliquely  to  one  or  both 
sides  of  a  tendon,  which  advances  some  way  upon  the  surface  or  into  the 
midflt  of  the  flesihy  jiart,  fis  in  the  instances  of  the  rectus  iimscle  uf  the 
thigh,  and  the  tibialis  posticus.  Many  short  fasciculi  connected  thus  t*» 
a  ioag  tendon,  produce  by  their  comlvined  oi)eration  a  more  powerfnl 
eifbct  than  a  few  fasciculi  running  nearly  the  whole  length  of  the  muscle; 
but  by  the  latter  arrangi'Uient  the  extent  of  motion  is  greater,  lor  the 
piints  of  attat^hment  are  moved  tlirough  a  longer  space. 

Filxreii  ;  tliair  figure  and  measiiraiiieiit.— lo  ^hajx^  the  hbres  are 
cylindriea],  or  prismatic  with  round ud  angles.  Their  size  is  on  the 
whole  pretty  uniform^  akhough  filires  occur  here  and  there  in  a  muscle 
which  differ  greatly  in  size  from  the  prevailing  standard.  Accord- 
ii^  to  measnitinentg  by  KoUiker  In  dilferent  regions  of  the  b(jdy.  the 
preTailing  dze  of  the  fibres  in  the  muscles  of  the  trunk  and  limbs  i& 
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from  T-k^  to  xAo  ^^  ^^^  ™-^^y  ^^^^  is  ^^^  in  those  of  the  head,  especialljij 
the  fficial  muscles,  in  which  ho  found  the  diameter  to  range  fronii 
down  to  YTtr^  ofnn  inch.  '^g^ 

Fig.     114.  — A    ORAWCKKD     MDSCPLAR    FIBRE     FROlt 

Fig.  114,  PBoa's  TOKOTLE,  MAGKiFifiu  350iHAJf,    ^KtiUiker.) 

The    fibres   composing    a    ninscle  are 
lmiitt.^cl  length,  fjenerally  not  exceeding 
inch  and  u  half  ;  and  accordingly  in  ft  loa{] 
fasciciihis  a  fil>re  does  not  reach  from 
tendinous  attachment  to  the  other,  l>nt 
with  a  rounded  extrcnnit}',  invested  ^vith  id 
sarcolemma,  and  euhering  with  neighlxmrin^ 
fibres.      Unless   when   either   is    fixed  to  % 
tendon,  both  extremities  of  the  fibiv  tenni- 
nate  in  the  way  deficriliecl,  gu  that  it  has  i 
long  eylijiflrical  shape.    In  some  muscles,  e,«r* 
the    sartoritis,    fibres   have   been    measiud 
vTbicli  are  much  longer  tluui  the  dinieusiao 
above  f,nvcn. 

Geuendly  speaking  the  filtres  neither  di- 
vide nor  anastoniose  ;  imt  this  rule  is  net 
without  exception.  In  the  tnitgue  of  the  ft^ 
the  muscular  fibres  (fig.  114)  as  they  ap- 
proach the  sinface  divide  into  inimerfjiis 
branches,  by  winch  they  are  attaelied  to  tbc 
under  surface  of  the  mucous  membrane.  Tlic 
same  thing  has  also  been  ga^n  in  tlie  tongo» 
of  man  and  various  animals  :  and  the  fihi-es  of 
^ifi'  ^^^'  the  facial  mnseles  of  m  annua  Is  divide 

in  a  similar  manner  where  they  fix  them- 
selves to  the  skui  {Bmk  and  Huxley). 

Fig.   llTi.— MrscuLAR    fibrb   of   fibh.     Bn^ 

BTASCK  VF   FIBRE   UUPTrUKD  SO  AS  Tu  ] 

BAitcoLEXMA.     (After  Bowman.) 

Fig.  116.— SAncoLKuMA  of  mammauak  aiuscLis,  luaHLr 
MAosrirtEP  (K»A,S»). 

Tlia  fibre  is  represetitod  at  a  pbico  whore  the  muscular  «ub* 
MtaaCG  has  become  mptiiTLHl  aiid  hflis  sbniuk  awur,  leaving  kbe 
Harcolcmiiia  (with  a  nucleiis  uJht'riti)^  to  it)  dear.  Tlie  fibrt 
had  b&en  treated  with  seniiu  acidubti'*!  with  acetic  acid. 

Structure  of  the  fibres  ;  sarcolemma.  —  A 

miisciilMr  hi  ire  ntay  Ijc  said  to  consist  uf  a  soft  con- 
tractile snhstance  inclosed  in  a  tnbidar  sheatb. 
Thc  latter  is  named  the  iitircokmffm  ur  uujokmim. 
It  consTsta  uf  transjianut  and  appatvntly  homoi'^e' 
neous  membrane  aga^ing  in  physical  and  for  the 
most  part  in  chemical  chanicteis  with  elastic  tissae, 
and,  beirig  comparatively  tongh,  will  sometimei 
iTmain  entire  when  the  included  fibrils  are  ruptured 
by  stretch i Fig  the  fibre,  as  nijiresented  in  fig.  115. 
It  is  especially  well  seen  in  fish  and  amphibia 
fbr  in  these  it  is  thicker  and  stronger  thau  in 
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muscle,  in  which  it  is  more  difficult  to  render  cvldeiit  but 

ahrays  eiists  (fig-  116).     Nuclei  arc  fooiid  on  the  iimer 

of  the  SBTPoleninia,  but  these  belong  ratlit^r  to  the  contractile 

ice  than  to  the  iiidcNsiug  membrane,  and  wiJl  be  afterwards  more 

'  tomhed. 

I  nbstance. — Wlien  viewed  by  tnmsniittcd  light  v^ith  a 

iitiv  hiirli  power  of  the  miciOBCope^  tlic  lil»reB,  whieli  are  then  clrar 

pcllocid   in  aspect,  upfiear  marked  with  parallel  stripes  or  Ijands 

(Ij  Ijsbt  and  dark  passing   across  them  directly  or  somewhat 

;  wftE  grent  regularity  (fig*   117),  and   this  not  i^nly  at  tim 

bat,  as  may 

It    mm     by    alter-  Fig.  117. 

m^  Urn  focm  of  cbc 

mammx,  Ihrough- 

«ititi«liitMicealso. 

Tht  diffc  sad  li^ht 

hadi  ms  nearly   of 

«ni  faremckh,  'and 

ras   the     fibre    is 

Midi  extended,  a  fine 

diAU-d  line  lie- 

i  fiftible  in  the 

of  the  light 

and    dividing 

ft  into  tvro.     About 

^1^  or    nine  dark 

mi  m    manj  light 

bail  may  he  cooiitod 

m  ilm     Irngth    of 

j^m*  id     an      inch, 

Vttril     wciold     give 

^  TT*ira  in«^b  aa 

Ik  faruMlih  of  each. 

B^wtukt  this  may 

k  iBgised  as  their 

■Ml  liivadth  in  hu- 

mm  Qnittcie»  ibey  am 

■    diflrresit      parta 

tmai   to    he    mnch 

BvnTwcTt  m  that  not 

nfltqttenUj     '  tre  twice  as  many  in  the  space  mentioned,     Thfs 

tkmr  mppr*  may  rrencrally  be  noticed   in   thicker  and  appa- 

IBltljGiintT&c%(.ti  p;ti'ta  of  the  fibre.  The  cross-Btriped  apjieonmce,  which  is 
fwy  obaracteri^tic,  i«  found  in  all  the  voluntary  nnm'les  ;  but  it  ia 
Ml  alCogiftber  confincHl  to  them,  for  it  id  seen  in  ttie  iMnvB  of  tlie 
kart,  irtiidh  is  a  strictly  involimtary  organ  :  fitripL'd  fibres  are  alBO  found 
m  lb*  phiirTnx  and  upfxr  part  of  the  gullet,  in  the  muscles  of  the  iiitenial 
tm^mi  dbioae  of  the  urethra,  parts  which  are  not  under  the  direct 
Mrtvol  of  the  wilL 

FAnh  s    duk$  f    mrcoKs  elemnffs, — The   proper  substance    of    the 
Wbm  pieaen<a»  besideB  the  transverse  batids,  an  api^earanee  of  Jongitn- 

■  Maul  tfriatioti,  which  is  the  l«etter  marked  where  the  tnmsvei'se  stria ti^ju 

■  il  hm  dwfcllicL     On  scf^arating  the  fibre  with  needles,  esftecially  after 


Fig,   117. — A,  POKTtOlfOf  A  «KDriTM-BI7K1i  HUMAX  HUSCtTLAR 
MBRR,  llAOJflFIEJ>  WkAHLV  SUO  blAMKTKKS  (Slaarpey). 

B,  SIPA&ATKD  PORnuN    OF   A  FIBRE,   Ei^UALLT  MAONIFtEn. 

a,  «,  laiiger,  and  6,  b,  atunUer  collection.s  of  fibrils  ;  r,  siiU 
df  dt  the  smallest  whicii  could  be  detailed. 


in 
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Fig.  118. 


called  fibrils,  which,  wbtii  of  a  certain  fineness,  Rppcar  to  consist  di 
row  of  dark  fjiiadniTit,^tilar  partides  (fi^.  117,  b,  //),  with  bn^ht  int 
the  latter  traversed  by  a  dark  dotted  line,  r,  wtieii  the  fil>rc  is  sufficie 
extended.     These  rowB  of  Cjuadraii^lar  particles  which  are  some 
taken  to  represent  the  Barcous  elements  of  Bowman  ffiee  below) 
however,  Ije  fiuther  f^paratcd,  as  was  Bhown  by  Shari>ey,  and  the  fin 
filaments  so  obtainable  present  the  appearancx^  i^f  bnea  regularly  bi"okai1 
at  short  distance^^  (f/).    Each  snch  thread  may  perhaps  be  hxiked  ufK>nitj 
an  ultimate  fibriL     It  must,  however,  be  borne  in  mind  tliafc  the  fibre  ill 
not  wholly  composed  of  these  fii>rils,  Imt  that  there  is  in  addition  a  itol * 
iuo<jnsideral>le  amount  of  intermediate  sul)stance. 

Under  other  circumstances,  as  after  the  action  of  dilute  acids  or  i*f 
gastric  juice^  the  fibres  show  a  tendency  to  cleave  across  in  a  direction 

parallel  to  the  bands,  and  even  to  break 
up  into  transverse  plates  or  disks,  which 
are  formed  by  the  lateral  eohesiun 
of  the  particles  of  adjacent  librik 
To  make  up  such  a  disk,  there- 
fore, every  fibril  contrilnites  a  particle, 
which  separates  from  those  of  iU 
own  fibril,  but  coheres  with  its  neigh- 
bours on  each  side,  and  this  with 
perfect  repliant j.  From  a  consj^li^ 
ration  of  these  facts,  therefore,  iiuw- 
man  was  led  to  conclude  the  sub- 
dinBion  of  a  fibre  into  fibril  he  to  be 
merely  a  phenomenon  of  the  same 
kind  as  the  Bcparatiou  into  disks^ 
only  of  more  common  occun^ence*  the 
cleava^  in  the  latter  cme  taking 
place  longitudinally  instead  of  Irani 
Tersely:  accordiufi^ly,  he  came  to 
conclusion  that  the  fibrillae  have 
existence  as  such  in  the  fibre,  aD 
more  than  the  disks  ;  but  that 
the  one  and  the  other  owe  thefi 
ongin  to  the  re^^ular  arranj^ement  of 
the  particles  of  the  fibre  (sarcous 
elements)  longitudinally  and  trans- 
verselyj  whereby,  on  the  apph'cation  of  a  severini,^  force,  it  cleaves  ia 
the  one  or  in  the  other  direction  into  regular  segments. 

If    a  transverse  sectiim   f>f  a  muscular  fibre  is   examined   with   a 
high  jiower,  it  often  appears   to  be  marked  out  into  small  polygonal 
areas  (Cohnheim)   separated   by   clear  lines  (fig,  118).       ThiW  arej|^| 
are  usually  regarded    as  rij^resenting    sections    of   the  fibrilhe,   bniH 
tJicy  would  seem  rather  to  correspond  to  groupijigs  of  the  ultimate* 
fihrillfe,  for  the  fibriike  are  iimch  smaller  than   the  areas  {com|MUti- 
fig.  1 17,  B,  d).    Moreover,  the  areas  may  often  bo  seen   to  have 
punctated  apfiearance,  ns  if  made  np  of  the  sections  of  a  number  ( 
smaller  elements.     It  must  not  he  forgotten  that  the  sepMtnition 
muscular  fil>re  into  disks  or  into  fibnlhe  in  only  possible  after  the  < 
Jation  of  the  muscle-plasma,  or  the  action  of  re-agents  upon  it. 

If  perfectly  fresh  mammahan  muacie  is  examined  very  carefnllj  with 


Fig.    lis. — TRANS\*ErLSE   SECTION    OF 
POKTRIN    i>F    MUSCILAU    FIBRE     OP 

LOBSTER.      Examined     ik    salt 

SOLUTION      (^      PBB      CKJTt.)      AFD 

MAOiriFiED  400  uiAiiSTifias  (Kolll- 
ker). 

The  polygonal  arca-s  of  Colinfieim 
are  seen^  und  among  ihem  two  or 
thjiw  irregular  nadci. 
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^lly  if  tlie  iipiJtr  Burfacc  of  the  filirc  is  focussed,  the 
leaent  tKe  apiiearanee  shown  in  fi^.  Ill*,  which  on  a  Bnmller  scale 
that  of  insect  muscle,  iis  shown  in  fi^,  liiO*  Bj  varving  the 
is  appearance  and  that  exhibited  in  fig.  117  may  often  be  tibtaioed 
dy,  showing  that  optical  conditions  have  mnch  to  du  with  the 
ve  effects  produced  by  the  examination  of  this  tissue- 
da-nuclei  or  muBCle-corf  iiicles. — In  connexion  with  tlie  cross- 
sul>stance  a  mmilier  of  clear  ov:il  nuclei  are  foand  in  the  fibrcg. 
baliau  muscles  they  lUi  upon  the  inner  enrface  of  tlic  sai-cokraina 
K^lld),  but  in  fnjgs  they  arc  distribnted  through  the  substance 
ihre.  Associated  with  and  Bunounding 
fccre  is  sometimes,  but  not  always,  to  be  pjg^  ijq_ 

tain  amount  of  gmnular  protoplasni^ 
ies  off  at  the  margms  into  the  contrac- 
DCe  of  the  fibre.     Both  substances  are 
i>m  the  original  formative  protoplasm 
yonic    cells  which    compose    the 
Schultze).     In  the  unaltered  e^jn- 
f  nuclei  are  not  easily  seen,  but  they  may 
onspicnons  by  tlie  addition  of  acetic 
r  contain  a  network  of  nucleoplasm,  in 
» or  two  nucleoli  are  generally  visible. 

bbit  and  hArOf  tm  especially  pointed  out  by 
in  of  the  voluntorj  muscles  present  dif- 
ll|ypeanuice  and  mode  of  action  from  the  rest. 
Qe  moet  ol  tlie  Yolimtarj  mu^'lea  hftTO  upale 
|lxiotfB.ct  energeticaUj  when  stimulated,  some 
8emi-tendiiL09iiB  and  the  eolens  in  the 
t  at  once  digtrngnished  by  their  deeper 
by  their  elow  and  prolong-ed  con- 
ni^ted.  "When  »ubjt'cted  to  micro- 
tion  it  i§  found  that  in  the  red  muiicie 
more  distinctly  Btriated  longitudmally 
striffi  are  much  mono  irregxdar 
nuclei  also  are  far  more  numerous 
tied  to  the  inner  surface  of  the  sarco* 
iitit  ocx;ur  here  and  there  in  the  thickness  of 
as  welL  There  is  aL«o  a  diS^erence  in  the 
>ply  of  the  two  kinds  of  muscle,  to  be  after- 
Inded  to. 
[lax  difference  between  red  and  pale  muscles 

[  in  the  Rays  amon^ft  fishes.  In  other  animals  the  ilistinction  is 
I  r^aids  whole  muaoles  although  it  may  affect  individufil  fibre  j^  of  a 
is  especially  the  case*  according-  to  IClein,  in  the  diaphragm^  m 
tiy  of  the  fibres  there  are  numerom?  nuclei,  oud  these  are  embedded 
J,  which  forms  an  almo^  continuouj^  laj'er  undenieath  the  sarcolemma. 
Iliarities  in  question  seem  to  be  dependent  upon  the  amount  of  work 
muscle  is  habttuaUy  called  upon  to  perform,  and  are  probably  connected 
Btttrition  and  reuoration  of  the  muBcle-sub^tance  (Meyer)* 

bdifficxtltj  of  making  out  all  the  detail*  of  structiirc  of  the  mammalian 
krifing  from  the  extreme  delicacy  of  ita  component  eltmenti*  and  their 
bo  changes,  hititologistfl  have  availed  themselves  of  the  facilities  afforded 
naculai'  fibres  of  iu^ectSf  in  which  the  elements  are  relatively  large,  and 
I  fibres  can  be  readily  isolated  in  an  unaltered  and  etill  contractile 

[  of  one  of  the  muscles  which  move  the  leigd  be  removed  from,  the 


Fig.    IISJ.  — Muscular 

FIBKa  OF  A  XAXMAL 
EXAMINED  FRESH  Ilf 
SERl'M,    aiOHLY    MAC^ 

jrinEp,     (E.  A.  S.) 

The  aiiclei  arc  6cen  on 
the  llat  at  tbo  surface  of 
the  fihrc^  and  La  profile 
at  the  eilges. 
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abdomen  of  cmo  of  tho  commoa  water-beetles  (Djrti^icuR  murginaliB),      ' 
etIU  frei<h  anrl  living-  be  examinefl,  cither  in  the  blootl  of  the  iuaect    : 
the  adiiitioa  of  any  fluid*  with  a  high  power  of  the  microBcope,  most  of  the 
are  seen  to  presient,  like  mammalian  muscle,  the  appearance  of  alternate  dim 
bright  transverse  bands.     Each  dim  band  i:*  traversed  by  a  series*  of  fine  hsM\ 
aide  by  gide,  which  refracfc  the  light  more  strong-ly  than  the  rest  of  the  mi 
substance,  and  henco  appear  somewhat  darker  (fig.  120,  d).     Crossing  the 
the  middle  of  each  of  the  bright  stripeis  a  double  row  of  dots  (f)  ia 
and  on  close  imspection  it  may  be  seen  tliat  each  line  of  tho  dim  stripe  ii 
able  at  either  end  into  one  of  the  dots  of  the  bright  stripe  ;  a«  if  the  doBi 
the  enlarged  enda  of  the  lines.      Thus  the  structure  which  the  lines  Aod 
indicate,  belongs  both  to  the  dim  and  to  the  clear  bands,  the  interval 
the  double  row  of  dots   corresponding  to  the  middle  of  the  clear  band.    & 
optical  transverse  section  of  a  fibre  it  may  easily  be  aeeii  that  the  lines  in  qi 
reprejsent  rod-shaped  structures,  and  uot  partitions  in  the  fibre,  as  Bome  hareii^l    Jl 
pofledr  for  they  appear  in  cxoss-aection  m  minute  dots  separated  by  clear  intens&m 


Fi-,  120, 


Fig.  121. 


Fig.  12L— Traksvwwb 

SKCTtOX     OF     A      HUSOCLia 

FiaEK   OF   VrATKR-BEtTll. 
HlOBLY   MAGNtFISD, 

8.  sarcolemma. 


Fig.    120, — LrviMG     3ilsci.e    ov    ^vATi:a-B»ETtil 

(dTTISCUB     MARQiarALts),       HlOHtV     MAGKlflEP. 

(E.  A.  S.) 

9j  iarcokmaia ;  a,  dim  stripe  j  &»  bright 
Btripe ;  c,  row  (}f  dots  in  bright  stripe,  which 
Mem  to  bo  the  enlarged  eada  of  rk>d-ahaped 
particles,  d. 

sabstanoe  (fig.  121 ).  The  light  and  dark  stripes  ore  not  sharply  marked  off  fwm 
one  another,  nor  is  their  line  of  junction  an  even  one,  for,  on  careful  iD8pectio&, 
it  IS  seen  to  he  creuated,  each  crenation  corresponding  to  ft  dot,  the  appeaiaao* 
bemg  like  that  which  would  be  produced  if  there  were  a  clear  halo  around  etofa 
of  the  dots,  and  as  if  the  ijuccessive  haloes  had  blended  together  to  form  UfeO 
bright  baud. 

Now  it  is  familiar  to  microscopical  obeervers  that  whenever  any  strongly  »- 
fracting  particle,  such  as  a  microcoocua  or  a  minute  oil  globule,  is  examined  in 
water  with  a  high  pi^>wer  of  the  mlcro«Qope,  it  appears  surrounded  by  a  bright 
halo  due  to  its  refracting  effect  upon  the  light,  and  perhaps  partly  to  the  refleziocL 
from  its  surface.  And  a  row  of  micrococci  seems  to  lie  in  a  bright  line  due  to  the 
blending  of  the  Bnccessive  haloes  formed  around  each  one.  If  we  aasume,  then. 
tti  the  appearance  of  the  transverse  section  would  seem  to  justify  us  in  doing,  that 
thjB  Imea  showu  in  fig.  120  are  the  expression  of  rod-like  bodies  with  knobbed  ends 
(musole-nxl^) .which  ends  correMpond  in  situation  with  the  bright  striaQ,)  snch  aTieir 
would  comiiletely  account  for  the  brightness  of  the  latter,  and  has,  moreorer,  tba 
adranta^e  that  it  offers  a  simple  explanation  of  the  appearance  presented  by  tbo 
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diRBOciated,  even  in  tlie  fresh  condition,  into  verj'  RBall  fibres  or  fibrils  ^ 
are  collected  into  bandies  Barroiinde<l   by  tlie  mmifi cation ji  of  the  air-ti 
traohcic.     Each  separateil  fibre,  if  suflicientlj  extended  (fig^.  123.  C),  Ut 
of  tiltemat^  dark  and  light  diiiks,  and  in  the  middle  of  the  %ht  disk  1 
seen  a  fine  eharply  marked  intennediate  dark  line  m,  btit  the  appearaniSRi  riir^ 
much  according  to  the  atate  of  extension  of  the  fibril  (aee  fig.   123).    Ko  r>: 
liko  structure  had,  until  quite  recently',  been  detected  in  thei^  fibrils  of  tliew': 
mmscltw,  and   thirf  was  ljeli<'vt^  to  constitute  an  eaaential  dLstinctiou  ktv 
them  and  the  ordimirj  musvcle^,  tjiit  with  the  aid  of  improved  objectiTea  Wagtid 
has  been  able  to  deteet  fine  longitudinal  elements  in  the  former  also, 


Fig.  123. 
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Fig,  123.— FiDftES  OF  THE  wreo-MuscLKS  OF  AS  IKSBCT  (after  Ban  Tier). 

Tli'j  fibres  are  in  different  conditions  oi  exien^ion,  from  A  least  extended,  to  B  ttOi 
extended,  e,  c,  ehi<jf  subatance  of  the  fibre  ;  nu  m,  intermciliatc  lines  or  dlski ;  tb 
hghl  iianfla,  br,  on  either  side  of  the^ie  only  come  to  view  wbea  the  fibre  is  sufficientt; 
stretched  (C) ;  with  farther  exteaaion  (D),  the  middle  of  the  dark  baod  appears  lighter^  H 


BrOcke'a  observations  upon  the  appearances  of  musele  under  pol&riisd 
liffht.^ — It  was  noticed  by  Bocck  that,  like  some  of  the  other  tissuesi,  modcle  i* 
doubly  refracting-  (anlsotropous).  Briicke  however  was  the  first  to  point  oat  Hut 
the  fibre  h  not  eomposeil  entirely  of  anij*otro|X)n9  substance,  but  that  there  i*  in 
addition  a  certain  amount  of  singly  refnwjtiTig  or  iwtropous  muteriab  Since  the 
important  reaearchea  of  the  lawt-uametl  author  form  the  basis  of  our  knowledge 
of  this  subject,  a  short  account  will  be  given  of  them  here. 

In  the  fifiit  place  Brficke  difltinj^uiBbea  between  the  appearances  presented  by 
living  mu5clo  examined  in  its  owii  plasma  and  thoi^e  of  dead  and  pref«ral 
mujicle.  In  dead  muscle,  although  a  considerable  variation  is  noticeable  in  the 
Illative  amount  of  anisotropou:«  and  ii^otropous  substance,  norertheless  tbe  twn 
eohstanoes  invariably  tako  the  form  of  alternating  bands,  dark  and  light,  cromng 
tJie  fibre  and  apparently  corref?ponding  in  poaition  with  the  light  and  dark  tstiipB^ 
of  tho  fibre  a.!*  seen  under  ordinary  light 

16  is  quito  otherwij*e  with  living  muscle.  In  this  almost  the  whole  of  tliB 
fibre  look"*  douldy  refractilc.  the  isotroix>Uj*  Bubstance  occurring  only  b«  ine 
ImiiTene  lines,  or  as  rows  of  rliomboid  dot^i  which  are  united  to  ome 
anotbor  aorow  the  anisotropous  Bubstaiice  by  fine  longitudinal  lines.  This 
account  is  illustrated  by  fig.  121,  which  Is  copied  from  Rnicke,  Now  if 
this  figure  be  comparefi  with  fig.  120,  or  with  the  |»arti*  marked  R  of  fig,  122, 
which  represent  the  living  muscle  of  a  water-beetle  under  ordinary  light,  it  !• 
^obvious  that  the  rhomlxiid  points;  and  iougitudfnal  lines  of  the  one  corre* 
to  the   mu^le-rodj)  of  the   other.     The   nubstance  of   the  rods  there* 
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r  ptomlnent  writer  upon  the  Fnbject  waa  Hedcel  (1S72),  who  ( 
membmnes  of    Eimnse    as    being'     double,   and    who 
Hansen." a    description    of    the    existence    of  a  Ug-hter    line   or 

in  the  middle  of  the  daxk  i 


Fig.  125. 


Fig.  125. — Dtichamuattc  nx^^vsMWiAnoTt  o?  a 

MCSCLB-CA5E  rSItBR  A  VXaT  HIGH  MAOKIFriXQ 
POWSR    (W.  KkAUSK). 

A,  at  rest  \  B,  condition  in  contractbn»  former 
view ;  C,  (xmdition  in  contraction,  present  ricw. 
ftn,  muHcJe'pmm^  consisting  of  a  bundle  of 
mnacle-rotii! ;  m,  fluid  iaotropoiis  snbslaooe. 


Bat  the  most  importaat  < 
in  Herkel'«  aooomit  ooonn  li  I 
deecription  of  the  piooeesotj 
tiactum.    Aoooiding  to 
aniaotropou^     subitanoe   of^ 
#jr   dark  stria   fin^t  of  all 
ff^  dUfnaed  over  the  whole  tng 

oorapartment,  bo  that  the  SM 
^  acquires  a  homogeneous  app«l^l 
anoe,  and  then  at  a  later  fi$«fi 
becomes  accumulated  against  tbt 
transvene  membranes,  while  the 
iaotropous  substance  on  the  othv 
hand  is  accumulated  on  eithiff 
side  of  Hensen's  di^k,  so  that  tk 
position  of  the  two  anbstanoef  k 
thus  reversed. 

Merkel  was  clo^ly  followed  by 
Engelmaun  (187.^),  according  to 


whose  description,  a  muscular  fibre  consists  of  a  ^ucceasiou  of  puperimpceed 
parts  or  compartments*  which  are  partitioned  off  from  one  another  b}*  thin  disknor 
membranes^ — Krauze's  membranes  or  intermediate  di!*ks  (fig.  12^),«  «) — which  laaj 
occasionally  be  double.  Within  each  compartment  ia  a  eeries  of  disks,  vafyiaf 
in  their  refractive  power  anrl  in  their  action  upon  polarized  ligrhtt  as  follows  >- 
Next  to  an  intermediate  rlisk  comes  a  comparatively  narrow  layer  of  iaotropooi 
clear  RubMtance,  then  a  thin  ditdc  of  dim  substance,  which  b$  feebly  aniftotropovs, 
and  is  distingaished  aa  the  aoceesoiy  diak,  (b);  thLi  ia  followed  by  a  narnm 
layer  of  clear  inotropous  subatanoe ;  then  comes  a  broad  di^k  of  ani^otropcns 
>tub«tance  (principal  diiik,  e),  occupying  the  greater  iwrtiou  of  the  mnscl»' 
compartment,  and  sometimes  bisected  by  a  narrow  pale  disk,  which  lies  e^caot^ 
in  the  middle  of  the  compartment,  and  ia  distinguLshed  as  the  middle  disk 
or  disk  of  Hcnsen  (not  »een  in  the  figure).  Beyond  the  broad  anhiotropcMi 
dkk  come  in  inverse  succession  isotropous  Fiil»*tance,  accessory  disk,  and 
intermediate  disk,  and  so  on  in  the  next  compartmeut. 

When  contraction  U  about  to  supervene  in  any  part  of  a  mtiscular  fibre, 
the  changcti,  which  according  to  Engelraann  may  Ijo  obetejved,  are  the  fol- 
lowing : — While  the  intennediatc  disks  approach  one  another,  the  succesHtfo 
diska  within  each  mut»clc  -  compartment  become  less  distinct,  and  the  Shm 
loses  in  great  measure  at  the  part  in  question  (that  namely  in  which  the 
eontmction  is  beginnUifr).  its  etriatorl  appearanoe.  The  stage  in  queartion  k 
accordingly  termed  by  Engeimann  the  homogeneoa<s  stage  (fig.  12f;,  h,\  JU 
the  contraction  progreasies,  trau'* verse  striae  again  make  theii'  appearance,  in 
conftequence  of  the  gradual  darkcnin^f  of  the  acces^ry  di^ka  and  ooncomitauit 
cleaniig^  up  of  the  principal  dLsk,  ^o  that  now  each  intermediate  disk  witii  Its 
juxtaposed  accessory  diskM  forms  a  distinct  dark  isotropous  hand,  thiew 
alternating  with  the  narrowed  and  now  bright-looking  principal  disks  of 
aniaotropoas  substance  (fig.  120,  c.)  Tlic  rGver^^l  of  the  «tria3  in  coutraodag 
miiBole  is  uoribed  by  EngeLmann  wholly  to  changi^  in  refrangibEity  in  tiie 
iBTeral  subetanoes  which  comptm^  the  dii^ks  of  the  muscle -compartment  aoocm- 
ponied  by  an  increase  in  the  volume  of  the  principal  db^k  at  the  expense  of  the 
isotro|xjua  eubstanoe. 

With   regard   to   the    above   accr^unt   of   the   changes   which   occur    during 
Mmtraction.   it    should    be    mentioned    that    it    is    not    founded    upon    the 
observation  of  the  contractile  changre  a«  it  may  l*e  seen  to  occur  in  the  livio^,^ 
muscle^  but  on  the  examination  of  the  eo-calk*<l  "  fixed  waves  of  contraction,''^! 
which  are  seen  in  fibres  of  musoles  obtained  from  iiiisects  which  have  been  killed 
by  being  placed  in  osmlo  acid  or  aloohol.     On  such  fibi-es  it  of  U^  happens  thai 


A 


-  '^tie  or  more  rrelliiigs  occur  upon  the  otherwise  extendel  Jlbre»  and  these 
•*tdlmji  *re  aaBUUdd  to  hs  contractile  wnrG^,  which  have  baen  fixe  1  during 
^mx  pftsnge  along  the  fibre  by  the  sudilen  iaflux  of  the  reagent,  it  biiin^  t-akcn 
ffif  ifnoited  y>at  the   rea^r^jnti  in   quf^^tion  fix  the  Uviug  muiicular  fibr»>Hj  in 
^^Ktlf  tbe  wmma  oondltioa  a?  at  the  time  of  immersion.     But  this  assuiiiptiou 
^  oot  borne  out  by  the  faciei  of  th:?  case.     For  if  the  living  muiicuhir  tissue  of 
%j)  irt«f<t  b  being  observed  an lir  the  microdcope,  and  a  drop  of  otsmie  aoid  or 
-    «»f  iloohol  is-  mllowe'l  to  coni'^  into  contact  with  it,  the  whole  fibre  if  free  to 
^  ^\  i^iiact  at  oaoe  doe»  40,  and  reinilns  contracted.    Moreovert  as  the  reagent  pene- 
^  %ito»  the  sttbfllaiioe  of  a  fibra,  the  appearance  of  the  latter  becomes  profoundly 
ituxfx&ed  in  place  of  njraainiii'^  tuialterel  as  an^erted  by  Engelmtinn.    I f  the  ends  of 
the  moMile  are  fixed  so  that  it  ij  not  free  to  contract,  the  gexieral  ahortenisg  of  the 
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fi^  12«, — MrscrtAR  rntiui  of  an  mgicr,  kjchtbit- 

IVO    1    rABT     OF    OSB    OF    TUB   »0-GALtKtl    **  FIXED 

wkra  OF  cuXTRACTiox '*  (from  Eagelioami). 

fW  ri^t  lL%lf  of  the  H^tg  sKonrH  tlie  e^ect  prO" 
<^H*^»ii  bj  the  Sims  fibra  when  exAmiued  under  poIa> 
BiftA  li^^  the  principaJ  dijsks  then  apfH^rin^  light 
«B  ike  tek  field  caiuel  by  the  crossed  Nichols* 


Tig,  126. 


^  pai%  at  rest^  or  at  least  extended  ;  H,  homn- 
UMtamM  pftit :  C.  contracted  part,  a,  intorinediate 
hk, ;  k,  aaotaoij  diak ;  e,  principal  di^k. 


SBtl  tlie  approximation  of  the  diaos  may 
'  except  here  and  there,  and  at  these 
!  aweUings  known  us  fixed  waves  of 
majiifest  themselves,  but  it  by  no 
follows  that  in  the  intermediate  parts 
,  although  extended «  is  not,  ho  far  as 
t  tlie  arrangement  of  ita  elements,  in  the 
that  ordinarily  accompanied  con- 
The  homogeneous  appearance  at 
and  fall  of  the  **  fixed  wave/^  may 
b«  aeeoaxited  for  if  we  cone^ider  that  tho 
kofibidiBAl  elenientii  are  liable  to  become 
Aifled  loniewhat  1^  the  shor^enin^  of  a  neigh - 
boosiii^  part  of  the  fibre,  for  it  is,  well  known  that 
ilMiliniirtl  ahifttng  of  the  elements  of  a  fibre 
CMiKs  a  diAppearance  of  the  tranjiTers?  striation. 
Banvier  (I88<i)  reverts  to  a  view  of  mu»cle- 
«tnietiire  which  w  similar  to  that  of  Rranse. 
bnt  give^  an  entirely  different  account  of  the 
dttogei  which  aooompany  contraction^ 

Wbttterer  may  be  the  interpretation  put 
opoD  the  a{>pearanc3;4  exbiblte^l  by  muscle, 
t£ere  id  little  doubt  that  the  contractile  phe* 
Bomexia  are  of  e»entiaUy  the  same  nature 
hi  Toluntary  muscle  as  in  involuntury  mui^le, 
aid  eren  as  in  cilia,  and  in  the  movements  of 
ample  protoplasmic  cella.  Both  tho  contraction 
of  musde  and  the   contraction  of  protopln^m 

are  dependent  upon  the  maintenance  of  nutrition,  and  are  influenoed  similarly 
by  external  conditiona.  The  only  etriking^  ix>iiit  of  difference,  apart  from  the 
zdatire  qnickneas  or  slownes*^  with  whidi  wtimulj  are  retrpflnded  to,  lica  in  the 
bet  that  in  moecle^  whether  voluntary  or  involuntur}',  tho  contraction  i* 
oonfined  to  one  dimension,  whereas  ordinary  protoplas^m  is  capable  of  con- 
in  any  direction*  That  in  the  living  conilition  the  subfitance  of  a 
fibre  is,  like  protoplaam,  of  a  scmi-fiuid  nature,  was  proted  by  the 
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oft-quoted  observation  of  Kiihno  (repeated  by  Eberth),  who  obBcrved  a 
parasitic  worm  moving  in  the  interior   of  a  living   mnseular   fibre  of 
frog,  and  noticed  that  the  transverse  striae  and  other  markings   in  the  ' 
which  were  displaced  by  the  movements  of  the  worm,  closed  in  again 
it,  reassuming  their  proper  order  and  former  position. 


Fig.  127. 


ill 


Kode  of  Attachment  of  Xnsoular  Fibres :  Ending  of  Xwm 
in  Tendon. — When  a  muscle  ends  iu  a  tendon  it  is  found  that  fli 

muscular  fibres  cither  run  in  the  same  din^ 
tiou  as  the  tendon-bundles  or  join  M-ith  tti 
tendon  at  an  acute  angle.  In  the  fonnff; 
case  the  tendon  becomes  subdivided,  eitkr 
gi-aduallj  or  suddenly,  into  as  many  smil 
bundles  as  thei*e  arc  fibres  in  the  end  of  the 
muscle,  and  it  often  seems  at  first  sight  aiif 
the  tendon-fibres  were  directly  continued  into 
the  muscular  substance.  In  reality,  how- 
ever, the  fibres  of  each  tendon-bondle  enl 
abruptly  on  reaching  the  rounded  or  obliqodf 
truncated  extremity  of  a  muscular  fibre  (fig: 
127),  and  are  so  intimately  united  to  the  pnh 
longation  of  saixsolemma  which  covers  the  ei- 
tremity,  as  to  render  the  separation  between 
the  two  difficult  if  not  impossible  (Banvier)i 
The  muscular  su])stance,  on  the  other  hand, 
may  readily  be  caused  to  retract  from  the 
sarcolemma  at  this  point.  The  areolar  tissne 
which  lies  between  the  tendon-bundles,  pasMi 
between  the  ends  of  the  muscular  fibres  and  ii 
gnidually  lost  in  the  interstitial  connective 
tissue  of  the  muscle. 

When  the  direction  of  the  muscular  fihra 
is  oblique  to  tliat  of  the  tendon,  the  con- 
nection takes  place  in  a  similar  way  to  that 
above  descrilxid,  but  the  small  tendon  bundles 
are  given  oft*  laterally  along  the  course  of  the 
Fig.  127.— Tkrmixation  OF  A  tendon,  which  in   these  cases  is  generally 

MUdcuLAR  FiBKK  IX  TKSDON  ju'olonged  iuto  or  over  the  muscle. 

(Ranvier).  When   the  muscular  fibres  divide,   each 

m,  sarcolemma ;  #,  the  same  liranch  of   the   fibre  is  described  as  l)eing 

!!f^'thr"fibre^'°^  cxtrei*Iii  *""  f  ^^^^^^^^y  continuous  with  a  tendon-bundle,  or 

mu^^ularsuTJtaLrcrreTrltc^i  connective  tissue  bundle,  without  the  inter- 

from  the  lower  end  of  the  Niroo-  vention  of  sarcG^mma,  but  it  is  not  ira- 

lerama-tuiKj ;  f,  tondon-bumlio  pr<jl>able  that  renewed  Ciireful  investigation 

^Tmm^  *"*  ^"^  ^'''''^  ^"^  ^^'^^  ^''''''"  ^^'^^^^^  "^  ^^^^^  ^^^^  "^*^^*'  disclose  the  existence 
^*''"^*"'**  of  a  thin  prolongation  of  saivolemma  over 

the  divisions. 
Blood-vessels. — The  blood-vessels  of  the  nmscular  tissue  are  very 
abundant,  so  that,  when  they  are  successfully  filled  with  coloured  injec- 
tion, the  fleshy  i)art  of  the  muscle  contrasts  strongly  with  its  tendons. 
The  arteries,  accompanied  by  their  associate  veins,  enter  the  muscle  at 
various  i>oints,  and  divide  into  branches :  these  pass  among  the  fasciculi, 
crossing  'over    them,  and    dividing    more    and    more    as    they   get 
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m  the  finer  divisions  of  thG  mnscle  :  at  lenjrth,  j>oi)etmting 
lallest  fitsciculi,  thej  end  in  capillaiy  Teasels,  ^vhieh  rnn  between 
[>r«s.  The  vefisek  are  gup]xj»rted  in  their  protrress  liy  the  Btib- 
iQS  of  the  fiheath  of  tlie  muscle,  to  which  also  tliev  supply 
iries.  The  capillaries  destined  for  the  proper  tissue  of  the  muscle 
tremelj  small ;  they  form  among  the  fibres  a  fine  nct-wtirk,  with 
r  oblong  meshes  (fig.  12H),  which  arc  stretched  out  in  the  direction 
fibres  ;  in  other  words,  they  consist  of  lon^^itudiual  and  traiisverae 
i,  the  former  mnning  parallel  \\ith  the  muscular  fibres^  and  Ijinj^ 
^  angnkr  intervals  between  them, — the  latter,  which  ain*  much 
r,  cr<j6sing  l>etweea  the  lon*:p*tndinal 
and  fiaifsing  over  or  under  the  in-  ^ig-  12a. 

ing  fibres. 

It  deeper  ooloiured  muscular  fibres  of  those 
farkich,  Uke  the  rabbit,  poeaefus  two  kindii 
S^uj  mu^e^f  the  tTsasvetm  loops  of 
jilliixy  net- work  are  dilated  far  bejond 
!  of  the  ordmaiy  capillaries. 
dcmiber  of  capOlAries  in  a  given  space  of 
Ee,  or  their  degree  of  closenese  u  partly 
ed  by  the  size  of  the  fibres  ;  ami  siecord- 
a  the  muscles  of  different  aminjik  it  ifl 
hat,  when  the  fibres  are  small*  the  vessels 
meroiis  and  form  a  close  network,  and 
tr*d:  in  cither  words,  the  smaller  the 
tike  greater  is  the  qiumtity  of  blood  mxp- 
9  the  same  bulk  of  mni<cle.  In  confor- 
RTith  this,  we  f^e  that  in  bird.^  and 
•Ea,  in  which  the  process  of  nutrition 
re,  and  where  the  rapid  chanjfe  requires 
otta  supply  of  matcnah  the  musoular 
ire  much  smaller  and  the  vej?sel3  more 
ms  than  in  cold-blooded  ammala,  in 
the  opposite  conditions  prevalL 

]ip]iatics. — Bo    far    as    is    known 
ar^    no  lymphatic  vessels  in    the 

^jr  muscles,  although  there  is  an 
t  supply  in  their  connective  tissue 
IS  and  tendons,  and  the  lymphatic 
!  hert*  would  seem,  as  jwiiited  out  by 
ig  and  Schwei^j;^er-8eidel,  to  serve 
j^Kiee  of  collectin£,f  and  conveying  awaj  the  lymph  from  the  mnsenlar 
.nee.  How  tlie  fluid  reaches  the  lymi»hatio  vessels  of  the  sheath  is 
irtainly  known  :  it  may  he  by  the*  medium  of  the  intercommunT- 
:  spaces  of  tlie  connective  tissne  which  jienetrates  belwecn  the 
ili  and  fibres  of  the  mnscle, 

rvea, — The  nerves  of  a  voluntary  muscle  are  of  considerable  siKe. 
branches  pass  between  the  faseicidi,  and  repeatedly  unite  with 
ither  in  fonn  of  a  plexns,  which  is  for  the  must  part  confined  to 
U  part  of  the  length  of  the  mnscle,  or  muscidar  division  in  which 
t  Fnim  one  or  more  of  such  primary  plexnse?,  ner\ous  twiga 
id,  and  form  finer  plexoses  composed  of  slender  Ijuiidles,  each  con- 
g  not  more  than  two  or  three  dtu'k -horde rcd  ner\ e-tibres,  whence 
fibres   pass   off  between   the   muscular  fibres  and   divide   into 

K   2 
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branches  which  arc  finally  distributed  to  the  tissue.    The  mode  of 
distribution  will  be  described  with  the  general  anatomy  of  the  nerreL  j 

Nerves  of  small  size  accompany  the  branches  of  blood-vessels 
muscles  ;  though  destined  for  the  vessels,  these  nerves  are  said 
to  communicate  with  the  proper  muscular  plexuses. 

DZVSIiOFiaBNT    OF   V0LX7MTARY   MUBOUIiAB   TISSXTX. 

Most  of  the  volnntary  muscles  of  the  body  are  developed  from  a  m 
portions  of  mesoderm  which  are  early  set  aside  for  this  parpose  in  the 
and  are  termed  the  muscle-plates*.    The  cells  which  compose  these  are  aimiltf  fe 
most  respects  to  those  in  the  remainder  of  the  mesoderm ,  but  when  the  i 
fibres  arc  about  to  be  formed  the  cells  become  elongated,  and  their  nuclei  ; 
plied  so  that  each  ceU  is  converted  into  a  long  multi-nucleated  ; 

Fig.  129.  Fig.     129.  —  Devblopixo    urscuuia 

Highly  aiAOKiFiBD. 

A,  elongated  cell  with  two  nuclei  and  a 
tion  beginning  do^n  one  side  of  the  cell 
fa*tal  8hcei>,  Wilson  Fox). 

B,  from  foetus  of  2  months ;  p,  granular  pnli' 
plasm ;  y,  glycogenons  substance ;  n,  nodea; 
«,  commencing  sarcolemma,  with  sUiated  mm^ 
lar  substance  developing  immediately  benealkll 

C,  from  foetus  of  3  months,  displayed  w  nil 
show  tho  contractile  substance  collecled  afc  Ml 
side  of  the  fibre,  and  partially  encloaing  tht  ^ 
altered  substance  of  the  fibre,  ff ;  /,  fifaiil&  B 
and  C  from  Banvicr. 

fibre.  At  first  the  substance  of  the  fibn  k 
not  striated  but  is  merely  granular  in  a^ 
pearance,  but  presently  it  beoomes  lomglli^ 
dinally  striated  along  one  side  (fi^.  129,  iX 
and  about  the  same  time  a  delicate  moB' 
brane,  the  sarcolemma.  may  be  disoofcnl 
bounding  the  fibre.  The  longitudinal  flii* 
ation,  which  is  the  first  indication  of  the 
proper  muscular  substance,  extends 
the  whole  length  of  the  fibre,  but  at  fixit 
just  intimated  affects  only  a  small  part  of  its 
breadth,  the  rest  being  formed  bj  a  hig^f 
glycogenic  protoplasm  containing  the  niidri. 
In  due  time,  however,  this  conyerBum  late 
the  proper  muscular  substance, 
shown  by  the  appearance  of  croai 
(fig.  121),  B  and  c),  proceoda  through  thft 
whole  thickness  of  the  fibre,  and  the  naeki 
take  up  their  permanent  position  nndow 
neath  the  sarcolemma. 
Schwann  considered  each  fibre  to  ba 
formed  by  the  linear  coalescence  of  several  cells  ;  but  the  researches  of  KoUikcr. 
■\Vilnon  Fox,  and  others,  tend  to  establish  the  view,  originally  promulgated  by 
Remak,  that  the  fibres  are  produced  as  alx>ve  described  by  the  elongation  it 
single  cells,  with  differentiation  of  their  contents  and  multiplication  of  their  nodei. 
Orowth.— The  muscular  fibres,  after  having  acquired  their  characteriatic  form 
and  structure,  continue  to  increase  in  size  till  the  time  of  birth,  and  thencefor- 
ward up  to  adult  age.  In  a  full-grown  fuutus  most  of  them  measure  twice,  and 
aome  of  them  three  or  four  times  their  size  at  the  middle  of  foetal  life ;  and  In 
the  adult  they  are  about  five  times  as  large  ao  at  birth.  This  increaae  in  bulk  of 
the  indiyidnid  fibres  would,  of  course,  so  far  account  for  the  concomitant  enlaifo> 
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•Bfc  of  the  entire  moBcles.  It  is  tmoertain  how  fur  there  may  be  a  mnltiplroatioii 
'UBW  fonnation  of  .mnacular  fibres  daring  the  growth  of  a  muBcle. 
Begeneration.— It  is  generaUj  stated  that  after  removal  by  the  knife  or  hj 
nase  striated  muscular  tissue  is  not  regenerated,  bat  that  any  breach  of  oonti- 
dfy  which  may  oocar  in  a  moscle  is  filled  ap  by  a  growth  of  connective  tissae. 
would  appear,  however,  that  the  breach  is  eventually  bridged  across  by  muscu- 
r  iubetance,  the  new  muscular  tissue  in  all  probability  being  formed  by  the 
8wth  of  the  old  muscular  fibres  into  the  connective  tissue  which  unites  the  cut 
iiL 

Nothing  is  certainly  known  about  the  actual  process  of  waste  and  renewal 
ieh  must  be  continually  occurring  in  so  active  a  tissue  as  the  one  in  question, 
f  probable  that  in  most  cases  the  changes  are  molecular,  and  that  the  muscular 
ca  are  never  removed  in  toto  by  absorption.  But  the  case  may  be  otherwise 
some  animals,  as,  for  example,  in  frogs,  which  in  the  winter  season  have 
Bj  of  their  fibres  destroyed  by  fatty  degeneration.  According  to  Beale  and 
WitUch  these  are  replaced  by  the  development  of  new  fibres  from  cells 
ch  lie  between  the  existing  fibres,  by  a  process  analogous  to  the  original 
Blopment,  but  Weissmann  and  KoUiker  state  that  the  formation  of  new  fibres 
r  take  place  by  the  splitting  up  of  the  old  fibres  along  their  whole  length. 

mVOIiXTNTABT    SCUBOIiKS. 

nie  involnntaiy  mnscalar  tissue  differs  from  the  voluntary  kind,  not 
f  in  some  of  its  physiological  properties  but  also  in  its  anatomical 
racters  ;  for  whilst  in  many  parts  it  appears  in  the  form  of  fibres, 
le,  except  in  the  heart  and  a  few  instances  of  less  note,  are  unmarked 
tlie  crc68  lines  so  characteristic  of  the  striped  fibres  ;  moreover,  the 
ittent  fibres  are  in  realitjr  made  up  of  elongated  contractile  cells 
lented  together  by  some  kind  of  uniting  medium.  Microscopically 
•  kinds  of  involuntary  muscular  tissue  are  distinguished,  viz.  the 
jf  or  vnsiriped,  and  the  cardiac  tissue  ;  the  latter  may  be  regarded  as 
nn  of  tissue  intermediate  between  the  cross-striated  voluntary  fibres 
the  plain  involuntary  muscular  tissue. 

FUklN  OB  UNBTRIFSD   MUSOXTULB  TIB8X7Z. 

his,  as  has  just  been  remarked,  is  made  up  of  cells,  named  coiu 
Uh  fihre-^Us,  which  were  first  distinguished  as  the  true  elements 
he  tissue  by  KoUiker.    The  cells  may  form  fibrous  bundles,  and 
ta,  or  may  be  less  regularly  arranged,  and  the  tissue  occurs  either 
38t  pure  or  mixed  with  other  tissues  in  varying  proportion.    The 
\  are  of  an  elongated  fusiform  shape  (figs.  130  and  181),  usually 
ited   at  the  ends.     They  are  generally  roundish  or  prismatic  in 
ffverse  section,  but  are  sometimes  more  flattened.    The  cells  varv 
lly  in  length  according  to  the  part  or  organ  in  which  they  are  found. 
te  occur  which  are  cleft  or  rorked  at  one  or  both  ends.      Their 
tance  is  finely  vacuolated  and  exhibits  also  a  faint  longitudinal 
nation.     It  is  doubly  refracting.    Each  cell  has  a  nucleus  (o,  a), 
ly  more  than  one,  which  is  always  elongated  and  either  oval  or  rod- 
>ed.     Towards  each  end  of  the  nucleus  the  substance  of  the  cell 
iDy  contains  a  few  distinct  granules  arranged  in  linear  series. 
he  nucleus  shows  the  usual  structure,  having  an  intranuclear  net 
c  (fig.  130,  a).   The  involuntary  fibre-cells  can  be  shown  to  possess  an 
edingly  delicate  homogeneous  sheath  or  envelope  (fig.  130,  b),  and  like 
larcolemma  of  voluntary  muscular  fibres,  this  sheath  is  apt  to  be 
kled  when  the  fibre  is  contracted,  so  that  an  indistinct  appearance  of 
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striation  may  thus  be  produced.  The  cells  are  united  hj  a  small  an 
of  intercellular  cementing  substance  which  becomes  stained  byn: 
of  silver. 

They  are  generally  collected  into  larger  and  smaller  fasciculi,  whi 
many  cases  cross  one  another  and  interlace.  The  fasciculi  are  atb 
at  their  ends  by  connective  tissue  to  the  membranous  and  firmer 
where  they  occur.  In  some  cases  the  attachment  of  the  plain  mm 
cells  takes  place  by  means  of  elastic  fibres  which  bifurcate  at  the  e 


Fig.  130. 


Fig.  131. 


Fig.  130.— Muscular  nsRC-csLLS  from  the  uusoutl 

OF   THE  SMALL  IRTSSTIlfE,  HIOHLT  MAGNIFIED  (B.  . 

A.  A  complete  cell,  slio^'ing  the  nucleus  with  intn 
network,  and  the  longitudinal  tihrillation  of  theoeU-aal 
with  finely  vacuolated  protoplasm  between  the  fibrili. 

B.  A  ceU  broken  in  the  process  of  isolation ;  the  • 
enveloping  membrane  projects  at  the  broken  end  a  little 
the  substance  of  the  cell  (U  is  from  a  drawing  faj 
Boxall). 

Fig.  131. — Muscular  fibre -cells  from  human  ab 
MAQNiriKD  350  DIAMETERS  (Kolliker). 

a,  a,  nucleus ;  bf  a  cell  treated  with  acetic  aci( 


the  muscular  cell.  The  two  branches  extend  alon*;  either  side  o 
and  are  firmly  attached  to  it.  In  other  cases  apiin,  accordi 
Watney,  the  attachment  may  take  place  tlirou'rh  the  medium  of  « 
tive  tissue  corpuscles,  the  branches  of  which  embrace  the  muscul; 
in  like  manner. 

IHstribution. — The  plain  muscular  tissue  is  for  the  most  pai 
pofied  in  the  coats  of  the  membranous  viscera.  It  is  met  with  in  the 
ludf  of  the  gullet,  the  stomach,  and  the  whole  intestinal  canal ;  tl 
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muscles.    Tiier  diSer  also  fi'oni  these  in  l>eiiig  made  up  of  distinct  qxiv^} 
rrni^luT  cells  ('fi^^  I  ^;i)  joined  end  to  end  and  ufteti  presenting  a  l>r 
or  forked  apf>earancc  near  one  extremity  (f ).   Eacli  cell  has  a  singli 

Fig.  134,  Fig.  134. — ^IkfuscuiAR  ttbees  tnox  the  biih',  | 

i/ivisioNr!,  AND  JtjscTioxs  (Sell weigger-Sciddk.j 

,|,,  Tlie  nnclei  and  cell-junetionji  are  only  rep 

Ul,/  J  OQ  iLa  rigbt -Land  Bide  of  IliG  figure. 

;  :l1  nnckns  situate  near  the  centre  ;  i 

ion  ally  two  nnelei  arc  seen.      The  t 
I         substance  is  striated  loiipitudinallyas  wdl 
as  transvei'sely,  its  sub  stance  apy>earir 
to  he  comiujsetl  of  a  inimber  of 
colnmns  or  fi tails,  \Tlnch  nn  transvc 
section  are  Been  as  small  polygonal  ai 
An  investing  membrane  or  sarcoid 
lias  not  hitherto  been  proved  to  exist  m 
these  litiR'S. 
The  innscnlar  fibres  of  the  heart 
,  j  di\'idc   and   iinastc»mose    (fig.    K34),  tl 

\  '^  I  jimctions  with  neighhuuring  fil)rc8  being 

^'^'^"  "    "  effected  by  tlic  medium  of  the  cell-offiteti 

above  noticed. 

Hecemt  lit^r&ture  of  muscle. — On  tho  f^tnicturei  ^e.t  of  cro8&*fstriated  iitiiiole>* 
Jf.  .SW(«/f^f,  Ut\  MuKkdkoqierclien,  &c  ^  Arck  f.  Anat,  1861.  S,  Martin  in  Bnki*i 
Arck.  nf  M&l*  lHtl2.  L,  6\  Jienff^  On  sarcolciomti,  &e.,  Qu,  J.  Micro.  ScL,  1S6I. 
Sri^ckt^  Muskclf.  im  iwlaritjirtcn  Lleht,  Wiener  Dcnkfcclir.  XV, ;  in  Stricker'a  flAodloak 
ISri  ;  imd  Vorle^iQiigen,  1S73,  AV/Ane,  Eine  lebcnde  Hjimatotle  in  elnor  k>b.  &fu«ketf. 
Virch.  Arch,  XXVI.  Cofinhfini  in  Vireh.  Arch.,  XXXIV,,  1865.  KOlfiler  in  his  iltwt- 
bekhre;  and,  Ue.  die  Cohnlieirn'sclien  FcMer^  &c.,  ZtilsL'hr.  f,  wiss.  Zoo!.  XVL  ISfifi, 
ir  Kratise,  in  Ootiinp.  N'ricliriclit.,  1863  ;  Zeitschr.  1  rat.  Med.  ISGSnnd  1S6I*;  Zeitecfcr. 
f,  BioL  V.  and  VL  ;  Pfliigtr's  Arvh.  VII.  Nevjien  in  Arb.  d.  Kieler  pbysiol,  Iiist.,1ft68> 
Meppner  in  Arcb,  f,  mikr,  Anat.  V,^  1809,  *Scftfraibt  in  Arcb,  f.  tnikr.  Anat.  V,i  IW9l 
Ifonilz  in  Arcb,  f.  Anrit,,  1871.  FUf^d  in  AirJi- 1  mikr.  Annt,  VfH.,  1871.  Mrrkd,  fn 
in  Arckl  mikr.  Anat.,  VIIL,  JS72,  IX.,  1S73,  jind  XiX*.  18S0.  Waffener,  G.,  {m 
tendinous  ending)  in  Arcli.  f.  Anat.,  15*;3  ;  nnd  (on  njiismittr  itrneture)  in  3i(ATbunE 
Ritzangab.  1872;  Arcb.  f.  mikr.  Annt,  IX,  &  X.  ;  and  Aub.  f,  Anat,  (ti.  Phys.),  U^K 
En^jflimnn  in  rflii>;Kr'«  Arcbiv,  VII. »  1 873  h  XVIII.,  ISril.  C.  Sachs  in  Arch.  f.  AwL, 
1872,  iSr/i^T/crinPhil.  TninR,,  1S73.  lianritr^  Mu^dea  routes  et  blancs,  Jtc,  Compft  rcod. 
77,  and  Arcb,  de  fdiVsioL,  1874.  Dni^jhl  in  Fn>c.  Boston  S(>c.  of  nat.  bi«t.,  XVI.,  1873L  £* 
HVxTj  Noyaux  dcis  luui^cks,  Aitili.  dc  pbysinL,  1S74.  Fvtdtrirq^  Mera.  cnor,,  ISmsdla, 
1875  ;  and  m  Didl  do  iaciid.  r.  dc  Belgiqnc,  lS7fl.  Jfrf/rr,  Rotbo  n.  blaase  Muskehi, 
Arch,  f,  Anat.,  1875.    TIW.f»  Zusatnmenbang  niii  Seime,  Med.  Centmllil^  1877.   /?/*wti<ia 

0.  r.  85.   Frorlrp,  Sarcolemmii  u.  Muskcl-kenie,  Arcb,  f,  Anat,  (m.  Phy*.),  187*.    '* 
inFfl,  Arch.  XVII.,  187t*.     Nut^nimt  in  J,  of  Anat,  k  Vhye,  XII L  1871*.     Clt^t 
^arcoIcmiMft,  in  Heiddlicra  Tnters,  lib,  I67SJ.     Unnrkr^  Lemons,  1880  ;  Ifatfrr^ih,  > 
Roy.  Soc.   1881.      On  invcduntary    mnM'Ie  : — Iltinak^    iJeolracbt.,  in  Wiener  Siti  ii  :  i 
XXJV.    18(12;  Arnold,  Article  in   Stri^ikerV   Ikndl>ook.     Sthmlbc  m  Arcb.   f.    itjikr 
AnaL  IV.,  1868,   FUmmlwf  ia  Zoitscbr,  f.  wlsh.  ZooL,  XXX,,  1S78.   AV-cin,  Stnii:tarec<f 
cells,  Qu,  J.  Micr.  Sci,»  1878.      On  the  nm^^ctiiar  tiKsue  of  the  beart :— HW.*TM*r»ft»  in 
Arch,   f,  Anat.   186J.     A/.^fA  in  VircL    Arcb.,   XXXVIL,   1866.     Srhr. : 

Article  in  Strieker's  HandlK-ok.  On  tlio  development  and  regeneratiou 
Miir^fo,  Keiio  Untcrsncli.,  Wicn,  1861.  F,  F.Srhukze  in  Arcb.  L  Anat., 
WcUr  in  Med.  CentrrilliL,  1863.  Li^cUtaH  Ciitrh  in  C^ti,  J.  Mi^r.  Sii.,  1 
Fo4f  in  DiiL  Trans,  18^^;.     iiifrf/i,  Arcb.  f.   itiikr.  Anrit,  II.,  18t>0.      £cAl 

1.  rat.  Med  ,  1867.  Oilhitin^  in  Areli.  l.  itukr.  Anat.,  XI.,  1875.  A'm*ir,  Kip. 
Futont.,  HaUe,  1878.  Jtikimorttach  in  Med.  CentrolbLi  1871^  (regen.  of  invoL  lutiscle}^ 
Htiddberj  in  Arub.  f.  Exji.  Path.,  VIII 
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NEKVOXXS    SYSTEIC. 

The  ncirous  STsiem  consists  of  a  central  part,  or  rather  a  series  of 

itanected  eeniral  organs,  named  the  cerebrO'Spiml  axis,  or  cerebrospinal 

€mtn;  and  of  the  nerves,  which  have  the  form  of  cords  connect^  by 

oat  extremitv  with  the  cerebro-spinal  centre,  and  extending  from  thence 

tiDoagh  the  body  to  the  muscles,  sensible  parts,  and  other  organs  placed 

ii  fiiiM^onal  relation  with  them.    The  nerves  form  the  medium  of  com- 

tion  between  these  distant  parts  and  the  centre.     One  class  of 

roQS  fibres,  termed  afferetii  or  centripetal,  conduct  impressions  towards 

eentre, — another,  the  efferent  or  centrifugal,  carry  motorial  stimuli 

OB  the  centre  to  the  moving  organs. 

Besides  the  cerebro-spinal  centre  and  the  nervous  cords,  the  nervous 
^itmi  comprehends  also  certain  bodies  named  ganglia,  which  are  con- 
■letod  with  the  nerves  in  various  situations.  These  bodies,  though  of 
maA  smaller  size  and  less  complex  nature  than  the  brain,  agree,  in  some 
mptdM^  with  that  organ  in  their  elementary  structure,  and  to  a  certain 
ctteDt  also  in  their  relation  to  the  nervous  fibres  with  which  they  are 
CHMcted  ;  and  this  correspondence  becomes  even  more  apparent  in  the 
■mms  system  of  the  lower  members  of  the  animal  series. 

The  nerves  are  divided  into  the  cerebrospinal,  and  the  sympathetic  or 
fmgHomc  nerves.  The  former  are  distributed  principally  to  the  skin, 
Ihe  organs  of  the  senses,  and  other  parts  endowed  with  manifest  sensi- 
Uily,  and  to  muscles  placed  more  or  less  under  the  control  of  the  will. 
Iky  are  attached  in  pairs  to  the  cerebro-spinal  axis,  and  like  the  parts 
vUdi  they  supply  are,  with  few  exceptions,  remarkably  symmetric^  on 
the  two  sides  of  the  body.  The  sympathetic  or  ganglionic  nerves,  on 
the  other  hand,  are  destined  chiefly  for  the  viscera  and  blood-vessels,  of 
vhidi  the  motions  are  involuntary,  and  the  natural  sensibility  is  obtuse. 
They  differ  also  from  the  cerebro-spinal  nerves  in  having  generally  a 
I^Rjuh  or  reddish  colour,  in  their  less  symmetrical  arrangement,  and 
fspecially  in  the  circumstance  that  the  ganglia  connected  with  them  are 
■nch  more  numerous  and  more  widely  distributed.  Branches  of  com- 
nnication  pass  from  the  spinal  and  several  of  the  cerebral  nerves  at  a 
Afxi  distance  from  their  roots,  to  join  the  sympathetic,  and  in  these 
cnmimiications  the  two  systems  of  nerves  mutually  give  and  receive 
■ffvoos  fibres ;  so  that  parts  supplied  by  the  sympathetic  may  be  also  in 
noTons  connection  with  the  cerebro-spinal  centre. 

The  nervous  system  is  made  up  of  a  substance  proper  and  peculiar  to 
it,  with  inclosing  membranes,  nutrient  blood-vessels  and  supporting 
connective  tissue.  The  nervous  substance  has  been  long  distinguished 
into  two  kinds,  obviously  differing  from  each  other  in  colour,  and  there- 
fore named  the  tc?iite,  and  the  greg  or  cineritious. 

When  subjected  to  the  microscope,  the  ncr\"ous  substance  is  seen  to 
consist  of  two  different  structural  chments,  viz.,  fibres  and  cells.  The 
fibres  are  found  universally  in  the  nervous  cords,  and  they  also  constitute 
the  preater  part  of  the  nervous  centres  :  the  cells  on  the  other  hand  are 
confined  in  a  great  measure  to  the  cerebro-spinal  centre  and  the  ganglia, 
md  do  not  exist  generally  in  the  nerves  properly  so  called,  although  they 
have  been  found  at  the  terminations  of  some  of  the  nerves  of  special 
sense,  and  also  interposed  here  and  there  among  the  fibres  of  particular 
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nerves  ;  ihej  are  contained  in  the  grey  portion  of  the  brain  and  spinii 
cord,  and  in  the  ganglia. 

miRTll-FIBBXS. 

Two  kinds  of  nerve-fibres  are  met  with  in  the  body, 
from  one  another  both  in  their  microscoi)ical  character  and  in  th#^ 
more  obvions  aspect :  those  of  the  one  kind  have  received  the  name  of 
whiis  fibres,  on  account  of  the  appearance  which  they  present  what 
collected  in  considerable  numbers,  as  in  the  nerve  trunks  or  white 
matter  of  the  nerve  centres,  the  others  being  denominated  grey  fibni 


Fig.  135. 


Fig.  136. 


r''i 


..":! 


Fig.  135. — White  or  mkdvllatkd    kerve-fibrks,   fhowivo   the    siiruons   outchi 
ARD  DOUBLE  CONTOURS  (aftcr  Bidder  and  Volkmanu). 

Fig.   136. — A  SXALL   PART  OF   A  2ISDULLATED   FIDRB   HIGHLY   MAONIFIED  (E.  A.  S.). 

The  fibre  lookB  in  optical  section  like  a  tube— hence  the  term  tubular,  formei^ 
applied  to  these  fibres.  Two  partial  breaches  of  continuity  are  seen  in  the  medulkiy 
sheath,  which  at  these  places  exhibits  a  tendency  to  split  into  laminae.  The  primitifV 
sheath  is  here  and  there  apparent  outside  the  medullary  sheath,  and  the  delicate  stiw 
which  are  visible  in  the  middle  of  the  fibre  probably  indicate  the  fibrillated  axis-cylinder. 

AThen  examined  with  the  microscoixx  it  is  found  that  this  difference  of 
aspect  depends  upon  the  presence  or  absence  of  a  peculiar  sheath  to  the 
fibre,  formed  of  a  kind  of  fatty  substance,  this  fatty  or  medullary  sub- 
stance, as  it  is  termed,  giving  a  dark  double  contour  to  the  white  fibres 
(when  seen  by  transmitted  light),  which  is  altogether  absent  Irom  those 
of  the  other  kind.  On  account  of  this  the  white  fibres  are  also  known 
as  the  dark'hordered  or  meduUatcd  fibres,  the  grey  fibres  being  termed 
in  contradistinction  the  pale  or  iion-medullatcd  fibres,  or  from  their 
discoverer,  thQ  fibres  of  Reinak. 
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The  madvllatad  acnrs-fitees  form  the  white  part  of  the  bram,  spinal 

^ord,  and  nerves,  and  give  it  its  white  opaque  aspect.     Viewed  singly 

-amder  the  microscope  with  transmitted  h'ght  they  are  transparent,  and, 

^B  before  stated,  are  characterised  by  their  well-defined  even  outline  and, 

^  ^except  the  smallest,  by  their  double  contour,  which  gives  them  a  tubular 


'  size  differs  considerably  even  in  the  same  nerve,  but  much  more 
in  different  parts  of  the  nervous  system ;  some  being  as  small  as  the 
-^ij^th  and  others  upwards  of  the  tb^o^^  o^  ^^  i^^^h  in  diameter ;  more- 
over, the  same  fibre  may  change  its  size  in  different  parts  of  its  course^ 
and  it  is  generally  smaller  at  its  central  and  peripheral  ends. 


Fig.  137. 


Fig.  137. — ^VaMCOOT  MIDULIATID  FIBRES    FROM    THE    ROOT    OF   A   SPINAL  KEBYE    (from 

Valentin). 

Fig.  13^. — B.  Diagram  to  thow  the  parts  of  a  meduUated  fibre,  viz.,  1,  1,  outer  or 
frimiiive  Mheath  enclosing  the  doubly  contoured  tchite  tuhttancc  or  m&iullary  sheath, 
3,  a  part  where  the  white  aubstance  is  interrupted  the  outer  sheath  remaining.  8,  axU 
oflvnder  projecting  beyond  the  broken  end  of  the  tube.  4,  part  of  the.content8  of  the 
tobe  escaped. 

Many  of  the  medullated  nerve-fibres  appear  dilated  or  swollen  out  at 
short  distances  along  their  length,  and  contracted  in  the  intervals  between 
the  dilated  parts,  ^ese  fibres,  however,  are  naturally  cylindrical  like 
the  rest,  ana  continue  so  while  they  remain  undisturbed  in  their  place  ; 
and  the  varicose  character  is  occasioned  by  pressure  or  traction  auring 
the  manipulation^  which  causes  the  soft  matter  to  accumulate  at  certain 
points,  wnilBt  it  is  drawn  out  and  attenuated  at  others  (fig.  137).  The 
fibres  in  which  this  is  most  apt  to  occur  are  usually  of  small  size, 
ranging  firom  tt^^  ^  Tion^  ^^  ^^  ^<^b  ^^  diameter ;  and  when  a 
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very  small  fibre  is  thus  affected,  the  yaricoeities  appear  like  a  string  i 
globules  held  together  by  a  fine  transparent  thread. 

The  medullated  fibres  are  composed  for  the  most  part  of  three  ( 
stnictures,  viz.,  an  axial  fibre  (the  cylinder-axis  of  Parkinje),  en 
within  two  sheatlis,  one  of  these  being  the  medullary  sheath  alreadji 
tioned,  and  the  other  a  dehcatc  membranous  tube  outside  of  all,  termed  t 
nucleated  sheath  of  Schwann,  the  primitive  sheath,  or  simply,  the  < 
sheath.    But  there  are  medullated  fibres  in  which  the  primitive  d 
is  absent,  and  other  fibres  and  prolongations  of  fibres  in  which  thenj 
uo  sheath  whatever  to  the  axis-cylinder.   But  the  latter  is  always  p 
and  is  indeed  the  chief  functional  constituent  of  the  nerve-fibre, 
several  parts  of  which  the  nerve-fibre  is  comiX)Scd  may  now  be  de 
in  detail. 

Axis-Cylinder.— The  essential  part  of  even'  nerve-fibre,  is  a  _ 
and  somewhat  indistinct  strand,  which  nms  in  the  axis  of  the  fibre  i 
is  termed  the  axis-hand,  axial-fibre,  or  more  commonly  the  a 
cylinder  (fig.  138,  3  ;  and  139,  c).  This  essential  part  is  usually  indoM^I 


Fig.  139. 


Fig.  liO. 


Fig.    139.— Two   PORTIONS   op    medullated   KKRYE   fibres,    after    TRBATmXT 
OSMIC      ACID,     SHOWING     THB     AXIS-CVLINDER,     AND     THE     MEDULLART     AHD      fftUUIiri 

SUEATUS  (Key  and  Retzius). 

A.  Node  of  Ranvier.     1).  ^liddlo  of  an  internodc  with  nnclcos. 

<r,  axis-cylinder,  projecting?  at  the  broken  end  ;  p,  primitive  Rlieatli  within  which  Ikt 
medullary  sheath,  which  is  stained  dark  by  the  osmic  acid,  is  somewhat  retmctod. 

Fig.  140.— Part  op  an  axis-cylinder,   hiuhlt  magnified,  snowiira  thb  vAUOoa 
FIBRILS  composing  IT  (Max  Schultze). 

as  just  mentioned,  in  one  or  more  sheaths,  but  these  are  not  alwayi 
present,  especially  at  the  ori<rin  and  tenniuation  of  a  nerve-fibre ;  and 
even  in  the  course  of  the  fibre  they  may  be  interrupted  at  iutervab. 
The  central  axis,  on  the  other  hand,  undergoes  no  interruption  along  tho 
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course  of  the  nerve,  from  the  nerve-centre  to  the  peripheral  dis- 
on.  It  appears  further  to  be  clearly  established  that  the  axial 
fa  nerve  is  in  nearly  every  case  a  direct  prolongation  of  a  branch 
nerve-cell  situated  in  one  part  or  another  of  the  nerve-centre. 
iierefore  to  be  looked  upon  in  the  light  of  a  far-extending  cell 
s ;  and  the  study  of  the  development  of  the  nerve-fibre  affords  a 
confirmation  of  this  view  of  its  nature. 

he  fresh  state,  and  under  high  powers  of  the  microscop,  the  axis- 
sr  presents  an  appearance  of  longitudinal  striation,  indicating  a 
r  stmcture  (fig.  140)  ;  and  at  the  termination  of  the  nerves  it 
Kften  be  seen  to  separate  into  a  number  of  exquisitely  fine 
its  or  fibrils.  These,  the  primitive  fibrillm  of  Max  Schultze, 
ibedded  in  a  homogeneous  or  finely-granular  material,  and  may 
K>me  reason  be  regarded  as  constituting  the  essential  or  con- 
5  part  of  the  axis-cylinder,  and  therefore  of  the  nerve :  at  least,  it 
itly  happens  that  they  form  the  only  portion  of  the  nerve-fibre 
prolonged  to  the  ultimate  termination.  The  fibrils  often  exhibit 
\  irarieosities  which  are  highly  characteristic  in  appearance. 

axis-cylinder    appears   to   be    invested  with   a  very  delicate 
treless  ^eath. 


us  shown  by  Fromann  that  after  treatment  with  nitrate  of  silver  and 
ent  exposure  to  the  light  the  axis-cylinder  becomes  stained  in  such  a 
as  to  exhibit  a  distinct  cross-striated  aspect,  but  it  is  not  known 
r  this  depends  npon  any  structural  feature  of  the  fibre  or  not. 
not  always  easy  to  distinguish  the  axis-cylinder  in  the  medullated  fibres 
hey  are  examined  in  the  fresh  condition,  but  it  can  generaUy  be  made 
*  by  staining  the  nerve  with  carmine  or  hsBmatoxylin.  In  a  transverse 
of  a  nerve  thus  stained  the  axis-cylinders  appear  in  the  form  of  round 
Mioared  dots  in  the  centre  of  the  fibres. 

IvUaxy  Sheath. — ^The  substance  of  the  medullary  sheath  (which 
med  the  white  substance  by  Schwann  on  account  of  its  presence 
he  chief  cause  of  the  whiteness  of  the  nerves),  undergoes  peculiar 
s  on  exposure  of  the  nerve  to  the  action  of  water  and  other  fluids, 
;  the  outline  of  the  fibre  is  often  rendered  uneven ;  round  and 
IT  spots  appear  at  various  points,  the  medullary  sheath  acquiring 
illy  a  confusedly  curdled  aspect. 

thickness  of  this  sheath  varies  within  wide  limits,  and  indeed  this 
rhief  cause  of  the  variation  in  size  of  the  medullated  nerve-fibres, 
jh  the  axis-cylinder  may  also  vary  in  diameter  to  a  considerable 
In  some  fibres,  the  medullary  substance  forms  an  exceedingly 
lyer,  so  as  to  be  scarcely  distinguishable  except  by  the  darker 
which  it  imparts  to  the  fibre,  or  it  may  only  occur  in  parts,  these 
king  irregularly  with  other  parts  in  which  there  is  a  complete 
\  of  white  substance.  Such  fibres,  which  are  very  common  in 
arts  of  the  sympathetic  system  (fig.  152,  m,  ?»),  may  be  regarded 
iitional  between  the  white  and  the  grey  fibres. 
IS  and  intemodes  of  Ranvier. — It  was  shown  by  Ranvier,  that 
>n8tantly  occur  in  the  peripheral  medullated  nerve-fibres  breaks 
continuity  of  the  white  substance,  which  succeed  one  another 
lar  intervals  along  the  course  of  the  nen-es  ;  and  give  the 
the  appearance  of  being   constricted  at  these  places.     The 
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coruirktwns  or  nodes  of  Ranvier^  as  they  may  conyeniently  be 
divide  the  fibre  into  a  series  of  internodes  of  nearly  equal 
The   segmentation   is  readily  made    appai-ent   by  the    action 


-:k 


Fig.   141.— Portions   op   two  kkrye-tibeis  btaiid  ' 

OSllIC     ACID     {yKOM    A     TOUNa     BABBIT).        425     Pli 

(E.  A.  S.). 

R,  R.  Nodes  of  Ranvier,  with  axis-cylinder  paMing  t 
a,  Primitive  sheath  of  the  nerve,     r,  Opposite  the 
the  segment  indicates  the  nucleus  and  protophsm  lying  I 
the  primitive  sheath  and  the  medullary  sheath.      Is  A I 
nodes  are  wider,  and  the  intersegmental  substance  mona 
rent  than  in  b.     (From  a  drawing  by  Mr.  J.  £.  Neale.) 

solution  of  osniic  acid,  which  leaves  the  nodes  (1 
141,  R,  K  ;  fig.  142,  E)  ahnost  colourless,  while 
medullary  sheath,  or  white  substance  of  Schi 
becomes  stained  of  an  inky  black  colour. 

The  white  substance  of  the  medullary  shcaihtt^ 
often  found  to  have  shrunk  somewhit  in  thi 
neighbourhood  of  a  node  (fig.  139,  A),  and  it 
then  be  seen  that  there  is  present,  in  additiflt] 
to  it,  a  clear  or  finely  granular  stroma, 
has  become  evident  in  consequence  of  retnctki 
of  the  fatty  substance  which  normally  pervaded  ik 

The  outer  membranous  sheath  of  the  fibre  W^ 
pears  to  be  continued  over  the  nodes,  for  wheaa 
medullated  fibre  is  examined  in  water  and  theflob^ 
tance  of  the  medullary  sheath  exudes  from  the  tm 
ends  of  the  nerve-fibres,  it  is  found  that  the  plm 
of  that  which  thus  escapes  is  taken  by  the  idiite 
substance  from  the  next  intemode ;  and  tUl 
substance  may  be  seen  to  flow  past  the  constrie" 
tious  of  Kanvier  without  escaping  at  those  poiiilii 
Outside  the  primitive  sheath  the  internooes  an 
united  by  a  disc  of  cementing  substance — tte 
**  constricting  band  "  of  Ranvicr  —  which,  like 
intercellular  substance  elsewhere,  becomes  stained 
by  nitrate  of  silver.  The  last-named  reagent 
stains  also  the  axis-cylinder  in  the  neighbour- 
hood of  the  node,  so  that  the  fibres  after  thil 
reatnieiit  apjK'ar  marked  with  little  crosses  (fig. 
iril) ;  the  ti-ansverse  limb  of  the  cross  being  due 
to  tlie  riiij:  of  intersegmental  substance,  the  longi* 
tudinal  to  the  axis-cylinder.  Many  other  fliMt 
stain  the  axis-cylinder  at  the  nodes  only,  being 
I)revented  from  K*aching  it  elsewhere  owing  to  the 
l>resenee  of  the  fatty  matter  in  the  surrounding 
UK'dnllarv  sheath. 


En^<>1inann  argues  in  favour  of  a  discontinnitj  of  the 

axi:«-cyliuder  (om  well  ns  of  the  medullary  sheath)  it 

the  nodes  of  Ranvier,  basing  his  argument  i>artly  on  the  immediate  degeneratioii 

which  results  when  a  nerve-fibre  \a  cut,  partly  on  appearances  obtained  after  » 


NEEVE-FIBRE& 


148 


tliod  of  treatment  with  nitrate  of  silver,  the  dork  deposit  charao- 
inter-ceUnlar  snbetance   traversing,  according  to  his  account,  the 


HXDULLATKD  VEBVE-FIBRE  TREATED  WITH  OSllIC  ACID  (Key  and 

Retzius. ) 

Banvier  (E)  and  a  nucleus  (K)  is  represented.  The  medulla/y 
an  broken  up  into  a  number  of  segments  with  conical  or 
)d  ends  fitting  into  one  another. 


Fig.  142. 


f  the  axis-cjlinder  at  the  nodes.    But  such  a  view  would 

stronger  evidence  than  has  yet  been  brought  forward 

n  be  accepted,  for  it  is  opposed  to  the  best  ascertained 

regard  to  the  development  and  regeneration  of  the  axis- 


middle  of  each  intemode  an  oval  nucleus  lies 
in  the  medullary  sheath  (figs.  139,  B,  141,  r, 
nuclei  will  be  described  mth  the  primitive 


ry  flesments.— Other  breaks  of  continuity  are  seen  in 
117  sheath  (fig.  136)  which  are  of  an  entirely  different 
1  the  nodes  of  Ranvier ;  indeed  it  is  somewhat  uncertain 
3j  oorrespond  to  a  pre- existent  structure  in  the  fibre.  In 
B  of  their  presence  the  medullary  sheath  almost  con- 
lettn  as  if  made  up  of  a  number  of  small  cylindrical 
ith  either  conical  or  funnel-shaped  ends  which  fit  in  with 
r  in  the  alternate  segments  (fig.  142),  and  the  parts  in 
Kwe  since  been  frequently  described  as  integral  con- 
if    the    medullary  sheath    (Lantermann,   Schmidt  and 

>  is  easy  to  convince  oneself  of  the  reality  of  the  appear- 
mentioned,  but  it  is  far  less  easy  to  be  certain  that 

it  artificial  productions.  Against  the  view  of  their  ex- 
the  natural  condition  it  is  to  be  noted  that  they  are 
rariable  in  number  and  in  size  in  a  given  length,  even 
m  nenre-fibre,  that  they  appear  to  become  increased  in 
the  nerve-fibre  have  been  subjected  to  much  manipula- 
iiey  have  no  constant  relation,  so  far  as  can  be  made 
other  parts  of  the  medullated  fibre,  and  tliat,  according 
mony  of  several  careful  observers,  they  are  not  to  be  seen 
re-fibres  of  the  living  animal,  unless  these  have  been 
y  an  abnormal  amount  of  traction  or  other  mechanical 
lis  last  assertion  is  denied,  however,  by  others,  who 
le  pre-existence  of  the  medullary  segments,  and  describe 
lie  oblique  clefts  which  separate  them  as  definite  parts  of 

>  and  retionlar  structures  in  the  medullary  sheath.— 
wn  by  McCarthy  that  after  r.  nerve  has  been  hardened 
ate  of  ammonium  (picric  acid  is  3tiU  better  ndapted  for  the 
le  medullary  sheatli  appears  pervaded  with  minute  rod- 
ues  which  pass  radially  between  the  axis-cylinder  and 
ve  sheath  in  such  a  manner  as  to  give  the  cross-section 
•fibre  the  appearance  of  a  wheel.  The  rods  stain  with 
d  hematoxylin,  which  do  not  colour  the  fatty  substance 
Inllaty  sheath.  In  nerves  stained  with  osniic  acid  (in 
e  structures  were  first  detected  by  Lanterm»inn)  they  are 
fly  seen,  in  consequence  of  the  dark  colouration  of  the 
moe  in  which  they  are  embedded.  The  rods  are  probably 
b  from  one  another,  but  in  reality  united  laterally  so 
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as  to  form  a  close  network,  for  if  the  nerve  be  first  placed  in  strong  aloohd  i 
then  subjected  to  the  action  of  staining  fluids  it  will  be  found  that  the  iod4i 
structures  are  no  longer  visible  but  the  medullary  sheath  appears  pervaded  ixufei 
by  a  linely  reticular  structure.  The  network  thus  obtained  is  considered  t|  I 
Kiihne  and  Ewald,  who  first  drew  attention  to  it,  to  be  chemically  of  a  hoon 
nature,  on  account  of  the  resistance  it  ofifers  to  reagents,  and  especkDj  III 
digestive  ferments ;  and  they  further  describe  it  as  continuous  wiUi  two* I 
oeedingly  delicate  membranes  of  a  similar  nature  one  immediately  inTMt^l 
the  axis-cylinder  and  the  other  lining  the  primitive  sheath.  Ranvier  on  the  ote] 
hand  describes  the  medullary  sheath  as  bounded  both  towards  the  axis-Gjliiitel 
and  towards  the  primitive  sheath  by  fine  layers  of  protoplasm,  and  he  ngak  J 
these  as  being  connected  with  one  another  by  protoplasmic  septa,  which  Us  i 
the  intervals  between  the  conico-cylindrical  segments  of  the  medullary  diMtti 

It  will  be  seen  from  the  above  that  there  is  still  much  diversi^ 
opinion  with  regard  to  the  minute  structure  of  the  medullary  sheath  ofll 
nerves.  As  to  its  chemical  composition  the  white  substance  or  mjfi 
consists  chiefly  of  protagon  (or  of  its  derivatives  lecithin  and  nenrin) 
gether  with  cholesterin  and  one  or  two  other  substances  in  less  amon 
When  escaped  from  the  nerve-fibres  it  forms  drops  either  rounded  «■ 
irregular  in  shape,  which  alwavs  show  the  double  contour  which  ■  II. 
characteristic  of  the  meduUated  nerve-fibres,  the  appearance  being 
to  the  peculiar  manner  in  which  myelin  refracts  the  light.  In  oqi> 
tact  with  water  it  combines  with  that  fluid,  and  as  a  result  of  the  in? 
bibition  the  myeUn-drops  undergo  a  considerable  increase  in  boB^ 
accompanied  by  remarkable  changes  of  form,  often  growing  oat  into 
tube-like  filaments  for  a  considerable  distance  into  the  fluid.  In  tUl 
behaviour  myelin  is  not  peculiar  but  resembles  certain  other  substancfli 
of  a  fatty  and  resinous  nature. 

Sheath  of  Schwann,  Outer  or  Primitive  Sheath. — The  nadeeftri 
sheath  of  Schwann  forms  the  outermost  covering  of  the  white  nene* 
fibres.  It  presents  the  appearance  of  a  delicate  homogeneous  memfaiui 
with  nuclei  disposed  at  intervals  along  its  inner  surface.  As  alrea^. 
mentioned  these  nuclei  bear  a  definite  relation  to  the  constrictioiifr 
or  nodes  of  Eanvier,  for  they  lie  about  midway  between  the  nodes^  onlf 
one  nucleus  being  found  in  each  internode  (fig.  141).  The  nuclei  an 
oval  and  sometimes  flattened,  they  usually  lie  in  a  depression  of  the 
medullary  sheath,  and  at  each  end  of  the  nucleus,  especially  in  yoong 
nerves,  there  is  a  small  amount  of  granular  protoplasm  which  msy 
spread  for  a  short  distance  between  the  primitive  and  the  medoDaiy 
sheath.  The  primitive  sheath  turns  in  at  the  nodes  and  closely  nuv 
rounds  the  axis-cylinder  as  this  passes  from  one  segment  to  the  other. 

So  long  as  the  primitive  sheath  is  accurately  filled  by  the  contained 
medullary  substance  its  outhne  can  seldom  be  distinguished,  but  some- 
times, when  the  white  substance  separates  at  various  points  from  the 
inside  of  the  tube,  the  contour  of  the  fibre  l^ecomes  indented  and  ir- 
regular, and  then  the  membrane  of  the  tube  may,  in  favourable  circum- 
Ptances,  be  discerned  as  an  extremely  faint  line,  running  outside  the 
deeply  shaded  border  formed  by  the  white  substance. 

In  the  white  fibres  of  the  brain  and  spinal  cord  the  nucleated  sheath 
is  absent,  and  these  are  only  invested  by  a  medullary  sheath  in  which 
nodes  of  Ranvier  have  not  been  detected.  In  consequence  of  the 
al)sence  of  the  comparatively  tough  primitive  sheath  the  fibres  from 
these  situations  cannot  be  isolated  for  any  distance  without  mptore^  and 
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i  that  for  the  same  reason  the  medullary  sheath  readily  breaks 
Uie  axifl-cjlinder,  so  that  this  is  thus  left  bare. 


"^mOS  or  THl  nETWORK  OP   HBRBS   Of 
OK    THE    nmJMOOASTRIO    OF    THl     DOO 


■  ;  p,  protoplasm  Buiroimdiiig    it;  b, 
ndfy  fibrils. 

nr  aoa-mediillated  fibres; 
f  Il<ma¥. — ^These  occur  prin- 
farancdies  of  the  sympathetic 
i  the^  are  found  also  in  greate 
yunt  m  the  cerebro-spinal  nerves, 
exceedingly  pale,  faintly  striated 
uring  size,  which  exhibit  nuclei 
t  inter^Bls.  The  nuclei  are  ap- 
he  sur&ce  of  the  fibre,  and,  ac- 
>  the  generally  received  account, 

a  delicate  homogeneous  sheath, 
jmitive  sheath  of  the  medullated 
must  be  admitted,  however,  with 
tiafc  it  is  difficult  or  impossible  to 
d  dieath,  and  if  this  is  the  case, 
i  must  be  regarded  as  embedded 
ripheral  layer  of  the  fibre  itself, 
longing  to  this.  The  fibres  in 
]i£fer  also  from  the  medullated 
being  frequently  branched  and 
th  neighbouring  fibres,  so  as  to 
letwork  along  their  course  ;    a 

which  is  never  found  in  the 

the  mrfullated  nerves.  The 
of  the   olfiactory  nerve  consist 

pale  fibres,  but  these  are  dif- 
m  the  ordinary  pale  fibres  in 
fvided  with  a  distinct  nucleated 


Fig.  148. 
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re  found  in  the  grey  matter  of  the  brain  and  spinal  cord  and 
nglia  ;  they  exist  also  in  some  of  the  nerves  of  special  sense 
tominations,  and  occur  here  and  there  in  the  course  of  certain 
•es.  They  are  often  named  ganglion-cells. 
»,  nerve-cells  vary  greatly.  Thus  they  may  be  spheroidal  or 
ith  a  general  even  outline,  or  they  may  be  of  an  angular  or 
igmre,  and  it  is  found  that  the  nerve-cells  have  a  characteristic 
certain  parts  of  the  nervous  system.  For  example,  the  cells 
spinal  ganglia  are  generally  of  a  rounded  shape  (see  fig.  1 5G, 
boBe  from  the  sympathetic  ganglia  more  angular  (fig.  155), 
m  the  grey  matter  of  the  spinal  cord  of  an  exceedingly 
fonn,  and  provided  with  numerous  branching  processes  (fig. 
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141)  ;    those  from  the  cerebral  coavoIiitionB  conical,  those 
panicular  layer  of  the  grey  matter  of  the  cerebellum,  flaak-or 
shaped  (fig.  145),  and  so  on.     The  cells  which  are  situated 
eourse  of  peripheral  ncircs  are  often  somewhat  spindle-shaped^  the  I 
poles  of  the  spindle  being  prolonged  into  nerve  fibres. 


Fig.  144.— Two  NERVE-CKLLS  FROM  THE  SPINAL  CORD  OP  THE  OX,  ISOLATED  AFTIE  1 
TI05    IN    VERT    DILUTE   CHROMIC  ACID.       MaQHIPIED    175   DIAMETElt&       (B.A.S.) 

Each  cell  Ims  a  wcll-dcfincd,  clear,  round  nucleus,  and  a  large  nucleolus.  Tlw  fltl 
processes  are  seen  to  be  finely  fibrillutcd,  the  fibrils  {Missing  from  one  prooeas  into  aaulW 
through  the  IkkIx  of  the  cell.  A,  from  the  anterior  comn  of  grey  matter,  largt  mi 
stellate,  with  numerous  processes  ;  a,  axis-cylinder  process  broken  a  short  distance  tnm 
the  celL  B,  probably  from  the  posterior  comu,  more  fusiform  in  shape  and  appaifi4f 
destitute  of  an  axis-cylinder  process. 
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re-cells  wy  much  in  size  as  well  as  in  shape.  Many  of  the 
«lte  in  the  hodj  are  very  large,  but  there  are  others  which  are 
maU,  and  consist  of  little  more  than  nuclei.  The  latter  are 
Uy  abundant  in  the  deeper  part  of  the  grey  matter  of  the 
lum,  where  they  form  what  is  known  as  the  granule-layer. 


— ^TWO  nBTI-CKLLS  f  MM 
9ETICAL  OmiT  XATTKR  Of 
nSULLUX.      MAOKinSD 

iAMMTEMB  (KOUiker). 


».  —  The    nu- 

f  a  nerve-cell  (fig. 
lunally  a  large  clear 
redcle  containing  a 
listinct  highly  re- 
j  nucleolus,  and,  in 
ises,  an  intranuclear 
fc  The  cell-sub- 
8  finely  granular  or 
ed,  sometimes  in- 
ly striated.    It  fre- 


Fig.  145. 


». — Gattolioh-cill   Of    ▲  noo,     uiohlt  pig.  145. 

XAOvimED  (Beale). 

siglit  fibre  ;  6,  b,  coiled  fibre  ;  r,  smaller 
fit- 
has  a  brownish-red  tinge,  but  be- 
iSy  cells  are  often  to  be  seen  which 

very  distinct  brown  or  yellow 
[  patches  caused  by  an  accumula- 
pigment  granules.  The  colour  is 
Q  adult  age  than  in  infancy. 

nerve-cell  has  one  or  more  pro- 
and  the  cells  are  often  named 
g  to  the  number  of  processes  they 
uni-,  bi-,  and  multi-polar ;  terms 
haps  well-chosen,  but  rendered 
by  use.  A  fibrillation  similar  to 
he  axis-cylinder  of  a  nerve-fibre  is 
1  the  cell-processes,  and  it  may  also 
1  passing  from  them  into  the  body 
ill  and  even  through  this  from  one 
nto  another.  Some  affirm  that  they 
en  able  to  trace  a  connection  of 
mis  with  the  nucleus  of  the  cell, 
is  at  present  doubtful, 
-cells  which  are  entirely  destitute  of 
(  have  sometimes  been  described. 
siMe  that  such  may  exist,  but  there 
B  a  probability  that  these  may  be 
J  processes  of  which  have  become 
.way  during  the  manipulation  required  for  isolation. 
been  shown  that  many  cells  have  at  least  one  of  their  prooeflBes 

l2 
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as  a  nerve-fibre  (axis-cylinder  process).     In  the  case  of 
bi-polar   cells^  esj)eciall7  those   of   a    spindle-shape  with   a  p 
from  either  end,  both   these  processes  arc  prolonged  as   nerve-1 
(fig.  154):  from  another  point  of  view  the  cell  might  be  looked 
as  a  nucleated  enlargement  interpolated  in  the  course  of  the 


Fig.  U7. 


Fig.  147. 


--VXIS-CTLIXDER    PROCESS   Of  ▲ 

(M.  Schultze). 


X ,  X ,  Portion  of  ncn'e-cell  from  spinal  oud  d  %t 
with  axis-cylinder  proces8,  a,  coming  off  from  H  aadr 
quiring  at  a'  a  medullary  sheath.     liighly  magnifiwl 


cell. 


im 


In  other  bi-polar  cells  in  which  the 
come  off  on   the  same   side  of  the 

latter  often  has  a  pvriform  shape  (fig. ^ 

the  fibres  being  prolonged  from  the  stalk  m] 
the  pear  and  the  nucleus  of  the  cell  h&ag 
ptaceii  in  the  larger  end.  As  was  shown  If 
jSeale,  a  peculiar  arrangement  of  the  two  fibm 
which  are  thus  prolonged  from  these  po^ 
shaped  cells  is  found,  the  one  being  genodlf 
coiled  spirally  round  the  other  for  a  oertaii 
distance,  after  which  the  fibres  separate  and 
take  opposite  directions.  Cells  of  this  kind  aie 
met  mm  occasionally  in  the  sympathetic  gnodift 
both  of  the  frog  (where  they  were  firat  oil- 
covered  by  Beale)  and  of  the  mammal. 

In  multi-i>olar  cells  either  one  or  more  of 
the  cell-processes  may  be  prolonged  into  nerve- 
fibres.  In  the  large  ramified  nerve-cells  of  tha 
.  anterior  cornu  of  the  s^Mnal  cord  only  one  of 
the  niany  processes  is  prolonged  into  a  nerve- 
fibre.  This  is  known  as  the  axis-cylinder  pro- 
cess of  Deiters  (fig.  144|  a,  and  fig.  147),  and 
is  distinguished  from  the  other  processes  of  tbe 
cell  by  being  unbrunched  and  of  a  somewhat 
clearer  and  more  evenly  fibrillated  appearanoe 
than  the  other  ])roces8eR,  which  branch  again 
and  again,  becoming  finer  as  they  proceed,  ontil 
they  are  eyentually  lose  to  sight  in  Uie  gasj 
matter.  Other  multi-polar  celk,  many  of  tooee 
in  the  sympathetic  sysbt'm  for  instance,  posses 
scvenil  nerve-fibre  i)roces8e8  (fig.  155). 

Sometimes  those  nxis-cyliuder  processes  of  ft 
nerve-cell,  e8|>ecially  those  in  the  sympathetic, 
are  continued  along  their  whole  course  as  pale 
nerve-fibres.  But  in  many  cases,  at  a  short  dis^ 
tance  from  the  body  of  the  cell,  they  acquire  a 
medulhiry  sheath  and  become  in  &ct  medullated 
nerve-fil)res  (fig.  147,  a').  In  the  bi-polar  cells  (tlmse  at  least  of  a  pyri- 
form  shape),  the  one  fibre  may  Ije  prolonged  as  a  pile  fibre,  the  other  aft 
a  medullated  fibre.  In  other  instances  both  fibres  may  become  dark- 
bordered  or  both  continue  as  pale  fibres.     In  the  uni-polar  cells  of  the 
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I  .flj^anglia  upon  the  posterior  roots  of  the  spinal  nerves^  and  in  some  other 
.  ^mtuations  the  single  process  (which  may  be  much  convoluted  near  the 
Kt^sell  and  soon  acquires  a  medullary  sheath)  bifurcates  after  a  longer  or 
i-  «horter  course,  and  its  two  branches  are  eventually  prolonged  in  opposite 
tc  ^knnections  along  the  nerve  (fig.  156). 

The  nerve-ceUs  in  the  brain  and  spinal  cord  resemble  the  nerve-fibres 

in  the  same  parts  in  being  destitute  of  any  nucleated  sheath,  but  in  the 

ganglia  each  nerve-cell  is  inclosed  in  a  membranous  capsule,  having 

nuclei    on    its    inner   surface  and    apparently    continuous  with    the 

nucleated  sheath  of  the  nerve-fibre  or  fibres  with  which  the  cell  is  con- 

'     nected  (fig.  155). 

Sustentacnlar  tissue  of  the  nerve-centres ;    reticnlnm,  nenro- 
fiia. — In  the  grey  matter  of  the  cerebro-spinal  centre,  the  nerve-cells 
appear  at  first  sight  as  if  imbedded  in  a  sort  of  matrix  of  granular  sub- 
stance, interposed  between  them  in  greater  or  less  quantity,  and  very 
generaily  traversed  by  nerve-fibres.     But  it  is  very  probable  that  the 
appearance  of  granular  or  molecular  matter  results  from  a  confused  inter- 
lacement of  fine  fibrils  and  especially  of  the  fine  ramifications  of  nerve* 
cells :  or  from  the  crushing  and  breaking  down  of  such  fibres  in  the 
jnxxxss  of  examination. 

Kg.   148. — Part  of  thi  betxcvlum  from  thr  spinal  Fig.  148. 

OORO  (KoUiker).     Kagnified  850  diameters. 

The  supporting  substance  which  is  met  with 
in  the  wlute  matter  of  the  brain  and  spinal  cord 
between  the  nerve-fibres  also  looks  in  section  like 
a  network,  although  rather  more  open  than  that 
in  the  grey  matter.  It  was  supposed  by  KoUiker 
to  be  a  form  of  retiform  tissue  and  to  be  com- 
posed of  branched  cells ;  accordingly  he  named  it 
the  reUculvm  of  the  nervous  centres,  but  the 
term  neuroglia  which  was  proposed  by  Virchow 
has  been  more  generally  adopted.  It  is  not,  however,  composed  of  cells, 
although  these  may  occur  in  it,  but  it  is  rather  of  the  nature  of  an 
intercellular  substance  which  occupies  the  interstices  between  the  nerve- 
fibres.  The  cells  which  are  here  and  there  found  in  it  are  flattened 
and  resemble  small  connective  tissue  corpuscles,  and  the  neuroglia  of 
the  nerve-centres  has  generally  been  regarded  as  consisting  of  connective 
tissne  ground-substance,  especially  since  in  many  places  it  appears 
fibrillated.  Moreover,  it  is  apparently  in  continuity  with  the  con- 
nective tissue  septa  which  pass  into  the  substance  of  the  spinal  cord 
and  brain  from  the  investing  sheath  of  pia  mater.  In  the  nerve- 
trunks,  as  we  shall  immediately  see,  the  supporting  tissue  between  the 
nerve-fibres,  which  also  in  section  has  the  appearance  of  a  network,  is 
evidently  composed  of  delicate  connective  tissue.  By  some  authorities, 
however,  the  neuroglia  is  regarded  as  of  the  same  nature  as  the 
intercellular  substance  of  an  epithelium,  and  the  cells  in  it  are  con- 
sidered to  be  analogous  with  the  branched  migratory  cells  which  are 
sometimes  found  in  the  intercellular  substance  of  a  stratified  epithelium. 

E&hne  and  Ewald  for  similar  reasons  to  those  mentioned  in  speaking  of  the 
network  of  the  medollated  sheath  of  the  nerve-fibre,  have  concluded  that  tlie 


160 


NERVOUS    SYSTEM 


fine  interlacement  of  fibres  in  the  nerve-centres  ta  also  of  a  homy  natart,  i!:i 
they  have  accordingly  termed  it  the  **  horny  framework. " 

Such  beiiijsr  the  structural  elements  of  the  uervoufl  substance,  we  1 
next  to  consider  the  arrangeiiieDt  of  the  cells  and  fibres  in  the  i 
nnd  nerves  wbieh  they  contribute  to  form  ;  the  intunate  i^tructtire<  ^ 
brain  and  spinal  cord  being  treated  of  in  a  subaetiuent  i:»art  of  J 
work. 

0OK8XBUCTIOK    OF    THU    NSBTHS    OB    KSiKYOUS    COEDS* 

The  nerves  are  fomied  f>f  the  nerve-fibres  already  described,  coDecttiJ 
together  and  boimd  up  in  sheaths  of  c<:mntetive  tigsne.  A  viiriabJel 
number  of  fibres  inclosed  in  a  tubular  eheath  forms  a  slender  round  i^A\ 
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Fig.  \i^. — SbCTIOS  of  THK  IITTBRirAt  SIPHUTOCH  ITKKVK  {hUMAK),  MAI'K  AFTCA  ] 
9TAIirit>  Ul  08XIC  AOID  AN1>  StrBSlQlTBirTLV  If  ARPRNED  IS,  ALCOHOL.  DrAWR  AJ 
DNDBft   A   TBRT   LOW  MAGHIVYlKa   FOWBfi.      (K  A.  3.) 

Ep^  cpineurium,  or  general  sli^tli  of  the  iiervev  conaisUng  of  connectiTe  tuMe 
bundles  of  ranable  site  aejrfirated  by  cleft -like  areolie,  whitb  appear  aa  a  network  of  deir 
llnt-H.  with  htre  and  there  fatceris//,  and  blootl -Teasels  v  :  p^r  fnnicidna  endosed  initi 
lam<;;Llatied  coniiectivo  tissue  ftlieatb  (perineurium, )  ;  tnd^  interior  of  fnaieuluBy  aboiring 
the  cut  endfl  of  the  medQlkted  nerre-fibrca,  which  sltc  imbedded  in  the  connoctive  tisoe 
witliin  tlie  famcalus  (endoncuriumb  The  fat^cdU  and  the  nerve-fibres  are  ihukJya 
by  tj)«  oernia  ftcidi  but  the  coanective  iiwoe  of  the  nerre  la  only  allghtly  stained. 

of  no  determinate  size,  nsu  ally  named  ii  fa  ft  kit  f us ;  if  a  nerve  be 
it  may  consist  of  Init  one  such  cord,  Init  in  hirjjer  nerves  scveml  fimic 
are  united  together  into  one  or  more  bundles,  which,  being  ivrapped  i 
iu  ft  common  membrunoua  euvering,  constitute  the  nerve  (tig,  148 
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/,  in  digBecting  a  nen-c,  we  fii-st  come  to  an  outward  covering, 
I  ofcsooneGtive  tissue,  ofleu  m  strong  and  dense  thiit  it  might  weO  be 
ibmoa.     From  this  c<juimon  sheath  we  trace  connective  tissue 
» paaung  between  the  funiculi,  connecting  them  t^jgethtr  as  well  as 
\mg  and  eupporting  the  fine  bloi5d-\^es8els  which  are  distrihnted 
i  »ciTe.     But,  besides  the  Interposed  areolar  tiBsne  which  coimects 
^  ciaUest  cords,  each  funiculus  has  a  special  sheath  of  its  own^  as  will 
^iBunedtat^lj  noticed. 

T^-  '-^tumon  sheath  (fig.  !49,  ep)  and  its  snh-dhisiona  consisb  of 
itsoe  pr^enting  the  osnal  white  and  elastic  constituent 
*  "xtore^  the  latt-cr  Ixnng  present  in  coiiside  rahle  pruportiun: 
a  little  fet  is  to  Im  found.     This  common  sheath  has 
:  name  of  epimurhtm  (Key  and  Retziua)  ;  it  was  Ibiinerly 
•*  cellular  sheath  ''  {vagimi  ceiiuiom). 

Fig.  isa 


H  IH^PjLEf  Of  A  isertov  of  on  o?  Tm  wvmcJTLi  o?  trb  sgiai!Iq  ksbyi  oy  illh. 
MjuixiFicfi  (after  Eej  md  Kctdutt). 

,  coiwivliAg  of  a  n  amber  of  cIomIj  ammged  laiDelliG,    ^n,  procesBCis  from 

pMiing  into  the  in  tenor  of  the  funiculufit  and  becoming  contmuuiis  with 

,  or  delicate  cotinective  tisiio  between  the  nerve  iibreii.     The  connective 

Iff  Ilia  ea«lrmetiriam  are  seen  cut  ooroaa  aa  fine  pointed  often  app^iuing   to 

^Hhtrn  with  a  circle  of  mitiute  dots  (fibril >alieath  of  Key  imd  Retziua). 

ei  of  eooneetiya  ti»ue  cells  are  imbedd^  in  the  eadonenrium ;  v,  section 


Jim  tp^M  dieath  of  a  funiculus,  termed  the  npunltmma  or  pm7tpurwm 

K  1 19,  fffT,,  150,  P.),  is  also  fonnetl  of  connective  tmm\  \mi  is  far  more 

mnetif  of  ft  lauiellur  nature,  and  indeed  miij  be  strippal  off  in  the  form 

ft  tube  trcan  the  little  bundle  of  niTve-libres  of  wliicfi  the  funiculus 

The  perinearium  is  not  formed  of  a  single  lamella  but  of 

hich  are  sefiarated  from  one  another  by  interlamellar  clefts 

with  lymph.     The  sepamtion  is  ntit  everyivhere  complete, 

■Dtfl  there  bundles  pass  acr<>ss,  connecting  the  several   lamelke. 

V  the  ontennosfc  lamella  is  joined  by  connective  tissue  bundles 

of  tbe  epiaeurium,  and  the  inticrniost  gives  oE  flattened 

(fijj:.  149,  t/td),  to  form  imperfect  septa  between  the  gi^oupsof 

within  the  funiculus. 

AMhoagb  the  lamella  of  the  perineurium  are  very  thin,  each  is  foraied 

I  three  strata.     Thus  tbe  main  suiistance  of  the  hunellas  is 

of  ft  oonnectiTe  tissue,  in  which  both  white  fibres  and  elnstie 

ftre  fmndf  the  white  fibres  having  for  the  most  jiart  a  transverse 

The  elastic  elements  he  in  greater  abundance  nearer  the 


152 


NERVOUS    SYSTEM. 


fflirfaces  of  the  lamella,  and  often  oe€ur  in  the  form  of  patchem 
incxjraplete   nienibranes  of  elastic  substance  (fi^.  78,  p.  71),  as 


Pig.  151.  Fig-  151.— A  i*oRTTo»  of  a  small  KKavtriirttJ 

rmw  Tirg  inoiux  of  a  jiaT?5K,  trkaik»  ¥ni| 
siTaATi!  OF  BiLTiR  (Ranrier).     HiaxiRii^  j 

Croea  mftrkings  Me  aeen  at  the  nodcn,  lad  I 
layer  of  IkUened  epitbelioid  ceUs  which  i 
the  aurface  i&  also  brought  into  view. 

as  in  the  form  of  a  fine  network  of  fib 
On    both   its  snrfaces,   oiich  lamella  i 
entirely   covered    with   ii   layer  of 
ceedingly  delicate  flattened  epithelidl 
cells,  wliich  thus  serve  also  to  bound  t' 
clefts  between  the  iamcllag*     The 
lines  of  the  cells  are  brought  into  ' 
II n  1  Ulil'! IHB  ^^  ^^^^  silver  treatment  (Hig.  151). 

The  ftmiculi  of  a  nerve  although 
all  of  one  Mzt,  are  all  sufficieiitly  larj^ 
to  be  readily  seen  mth  the  naked  eje, 
and  eai?ily  dissected  out  from  ea 
other.  In  a  nerve  so  dissected 
its  comiwnent  fimicnli,  it  is 
that  these  do  not  run  along  the  nerve  as  poraOel  insulated 
but  join  together  obliquely  at  short  distances  as  they  pnx^eed  in 
course,  the  cords  residting  from  snch  union  dividing  in  their  fii 
pro^-ess  to  f^^rm  junctioos  a^rain  with  collateral  corck  ;  so  tliat  in  firft 
the  funiculi  crmipt^sing  a  single  nervous  trunk  have  an  arran;:^emeii 
respect  to  each  other  similar  to  that  which  is  found  to  hold  in  a  j  -: 
formed  by  tbe  branches  ol'difl'erent  nerves,  it  must  he  distinctly  unde^ 
stood,  however,  that  in  these  eoiiimnnications  the  medullated  nerVe-fibnJs 
do  not  join  t<jgether  or  coalesce.  They  pas^  oif  from  inic  nervous  cvid 
to  enter  another,  with  whose  fibres  they  become  intermixed,  and  part  of 
them  thus  intermixed  may  again  pass  off  to  a  third  funicnhis,  or  go 
through  a  series  of  funiculi  and  undergo  stiU  further  intennixturc  ;  but 
throughout  all  these  successive  aeeociatioiis  (until  near  the  termination  of 
the  nerve)  the  fibres  remaui  individually  distinct,  like  the  tliroads  in  \ 
rope. 

The  nerve-libres  are  separated  from  one  another,  and  snpix>rted  with 
the  fimicuhis  l>y  deiieate  counective  tissue,  tlie  fibrils  of  which  run  f 
the  most  jmrt  longitudinally,  a|»pearing  in  seetion  as  flue  points  (f^ 
150).  This  tissue  has  been  distinguished  as  the  emhmurmm  l»y  Key 
and  RetziiiB.  It  is  continuous  with  tbe  septa  which  pass  in  as  above  men- 
tioned from  the  innenuost  lamella  of  the  periiieurinni,  and  it  serves  to 
Bumxirt  also  the  e^ipillaij  blood-vessels  wlvich  ore  distrilnited  to  tbe  nerve. 
Lying  alongside  eaeli  other,  the  fibres  uf  a  funiculus  form  a  little skc" 
or  bundle,  whirh  runs  in  a  waving  or  serpentine  manner  within 
sheath  ;  and  the  alternate  Ijglits  and  shadows  caused  by  the  sucxrecsif 
bendings  being  seen  through  the  sheath,  give  rise  to  tbe  appeanmoe  ( 
alternate  light  and  dark  crc^ss  stripes  on  tlie  funiculi,  or  even  on  " 
cords  consisting  of  several  funiculi.  On  stretching  the  nen'e,  the  fib 
are  straightened  and  tbe  striped  appearance  is  lost.     Both  the  fieri-" 
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immn  and  endoneuriom  accompany  the  nerves  in  all  their  diTisionfi, 

Bome  cases  aa  Hu-  as  their  jx-riph^ral  terminatinna     In  tlie  finest 

»oiiieft    the    permenrinm   generally   l>e€omes    redured    to    a    fiui^le 

mnective  tissue  lamella,  covered  on  Ixjth  surfaces  l>y  epithelioid  ceUa, 

this  c<:»ndition  it  is  M>metiniea  known  as  the  sheath  of  Hcnle, 

Both  the  cerebro-gpinal  and  the  RjTnpatbetic  nerve-trunks  are  con- 

iruct^  in  the  manner  above  dcgcrii>etU  but  the  tihres  of  the  cerel)ro* 

^nal  nerves  are  eliieflj  of  the  white  or  nie<iullattfd  kind,  while  in  nerves 

lehnging  to  the  symmthetic  system  nou-niedullated  fibres  for  the  most 

an  i>ref.K.»Qderatc.     But  very  few  nerves  are  composed  e.\elusively  of  one 

r  thie  other  kind  of  fibre* 

rlhe  c«rebro*spinal  nerve-trunLs  and  their  branches  always  present  a 
SUant  whitish  a«tpect,  whereas  the  s}Tn pathetic  nerves  vary  in 
ipearanccs  some  being  whiter,  others  grey  or  reddish  in  colour.  The 
0*^  grey-looking  branches  or  lumdles  consist  of  a  larg-e  nnndjcr  of 
r  pale  fibres  mixed  with  a  few  of  the  medulla  ted  kind  (fig.  152)  ;  the 
liter  Gordsy  on  the  other  hand,  contain  a  proportionally  large  amount  of 
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B17VI>LE    Of  ITEHinf    7IBHEa    FEOH  TH¥    ffTMPATHKnO    VKflVB*     (Ecj 

and  IktiiQA.) 

i  is  onmposed  of  p<Ue  nervn-fibres,  trith  ttie  exception  of  tho  fibre  m,  m^ 
1  b^re  Jkod  tliere  by  a  tMa  mediilUiT  &hefttli ;  n,  n,  rniclei  of  iide  fibrei. 

loDated  fibres^  and  fewer  of  the  grey  ;  and  in  sfmie  parts  of  the  nerve 
fasciculi    and  white  fasciculi,   res]>ectively  constituted  as  ubove 
ribed,  mn  alongside  of  each  other  in  the  same-  curds  for  a  consider- 
withont  mixing.   This  arrangenieiit  may  l>e  seen  in  s<ime  of  the 
I  of  commnnieatiou  with  the  spintd  nerves,  in  the  trnrik  *ir  cord 
connects  together  the  priiir-ipid  chain  of  symfmthetic  ganglia,  and 
^  i.iry  branclies  proceeding  from  thence  to  the  viscera.     In  the 

ii  lied   case  the   ditlerent   hiscicnli   get   niore  mixed   as   they 

|riyset!,  but  generally  it  is  only  after  the  white  faKcicuh  have  passed 
fongh  one  or  more  ganglia  tliat  tlay  U'come  thoroughly  blended  with 
\  grey  ;  and  then,  too,  the  ner\ous  cords  receive  a  large  accession  of 
fibres  (aj>parently  derived  from  the  gangh'a),  which  are  mixed  up 
the  rest,  and  take  off  more  and  more  from  their  whiteness. 
>iffertnces  are  observed  among  tlie  eercbro-s[iinfil  ntrves  in  the  pro- 
Itionnte  amount  of  the  two  kinds  of  fibres  which  they  respectively 
pMin,  and  in  the  size  of  their  white  fibres.  Volkmann  and  Bidder 
imd    that  whereas   nerves  going  to  voluntary  muscles   are    chiefiy 
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composed  of  large  fibres,  those  distributed  to  the  integmnents  hini 
many  small  ones,  and  have  also  a  larger  proportion  of  grey  fibres,  mofr; 
over  the  anterior  roots  of  the  spinal  nerves  which  are  composed  al 
exclusively  of  motor  fibres  contain  more  large  fibres  in  proportion 
do  the  posterior  or  sensory  roots.    The  vagus  nerve  contains  a 
siderable  proportion  of  grey  fibres. 

Vessehi  aad  LymphaticB. — ^The  blood-vessels  of  a  nerve 
dividing  into  small  branches  in  the  epincurium  and  giving  offi»ta 
the  groups  of  fat-vesicles  which  are  there  met  with,  pierce  the  ' 
of  the  perineurium  obliauely,  being  supported  by  the  connective 
bundles  which  unite  the  lamellge,  and  conducted  into  the  interior 
funiculus  along  the  septa  before  mentioned.  Here  they  break  np 
fine  capillaries  which  tor  the  most  part  run  parallel  with  the  fibres^ 
are  connected  at  intervals  by  short  transverse  branches,  thus  fcnnung 
network  with  long  narrow  meshes.  Some  of  the  capillaries  msf  1 
observed  to  form  loops.  Lymphatic  vessels  are  found  in  the  epineiiriii% 
but  within  the  funiculi  there  are  no  distinct  vessels  for  the  conv^ 
of  lymph.  It  is  fomid  however  that  coloured  fluid  which  is  injected 
means  of  a  fine  cannula  into  the  interior  of  a  funiculus  finds  its  ^ 
into  the  lymphatics  of  the  sheath  after  passing  through  the  ckBl 
between  the  lamellae  of  the  prineurium,  so  that  undoubtedly  a  conned 
tion  exists  between  these  perineural  clefts  and  the  lymphatic  system.  _ . 

Course  of  the  nerve-fibres  in  the  nerve-tmnloi. — ^Neither  is 
their  course  along  the  nervous  cords,  nor  in  the  white  part  of  the  nene* 
centres,  do  the  medullated  fibres  anastomose  together,  nor  are  thif 
observed  except  in  rare  instances  to  divide  into  branches  until  they  ip* 
proach  their  termination.  But  the  nerve-trunks  themselves  continoiDr 
ramify,  and  the  branches  of  diliercnt  nerves  not  unfrequently  join  viA 
one  another.  The  branches  are  of  course  formed  by  collections  of  nerve- 
fibres  and  it  follows  therefore  that  when  two  branches  of  nerves  join, 
fibres  pass  from  the  one  nerve-trunk  to  become  associated  with  the  other 
in  their  further  progress,  or  the  communication  may  be  reciprocal,  so  that 
after  the  junction  each  nerve-trunk  contains  fibres  derived  from  two 
originally  distinct  sources.  In  other  cases  the  branches  of  a  nerve,  or 
branches  derived  from  two  or  fi:om  several  different  nen^es,  are  connected 
in  a  more  complicated  manner,  and  form  what  is  termed  a  plexus,  b 
plexuses — of  which  the  one  named  "  brachial "  or  *'  axillary,'^  formed  \f 
the  great  nerves  of  the  arm,  and  the  "  lumbar  "  and  "  sacral,"  formed  l^ 
those  of  the  lower  limb  and  pelvis,  are  appropriate  examples — theneras 
or  their  branches  join  and  divide  again  and  again,  interchanging  asd 
intermixing  their  fibres  so  thoroujjhly  that,  by  the  time  a  branch  kaim 
the  plexus  it  may  contain  fibres  from  several  or  even  from  all  the  nervei 
entering  the  plexus.  Still,  as  in  the  more  simple  communicationi 
already  spoken  of,  the  fibres,  so  far  as  is  known,  remain  individaaUy 
distinct  throughout. 

In  some  instances  of  nervous  con  junctions  certain  collections  of  fibres,  after 
passing  from  one  nerve  to  another,  take  a  retrograde  course  in  that  second  mem, 
and,  in  place  of  being  distributed  peripherally  with  its  branches,  turn  back  to  Hi 
root  and  rejoin  the  cercbro-spinal  centre.  An  instance  of  this  occurs,  aa  ahownl)^ 
Volkmann,  in  the  connection  between  the  second  and  third  cervical  nerves  of  tilt 
cat,  in  that  of  the  fourth  cranial  nerve  with  the  first  branch  of  the  fifth,  and  of 
tho  oervical  nerves  with  the  spinal  accessory  and  the  descendens  noni. 
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OONSTRtTOTlON    OF    TH£    (lANI^IiiA. 

o&tion. — Ganglia  are  foaiid  in  tJie  fullowiog  eittiations — viz.  :  1. 
B  posterior  root  of  each  of  the-  spinal  nerv^es  ;  on  the  conxiBponding 
>f  the  fifth  nerve  of  the  encejjhalon  ;  and  oo  the  facial,  ghisso- 
Qgieal  and  pneumogastric  nerves  ;  nha  on  the  branches  of  certain 
o-fiptnal  nerves.  2.  In  a  series  nhnVfH  each  side  of  the  vertebnil 
n,  oonnectecl  by  nervous  eordi*,  and  constituting  what  was  long 
lered  as  the  trunk  of  the  sympathetic,  :1  On  hranthes  of  nerves, 
ally  of  the  sympathetic  ;  ocxiurring  numerously  in  the  abdomen, 
'^  neck,  and  head ;  generally  in  the  midst  of  plexuses,  or  at  the 
of  union  of  two  or  more  brauehes.  Those  which  are  found  in 
i  of  the  fijssa?  of  the  cranium  and  face  are  for  the  most  pml  placed 
\  junction  of  fine  branches  of  the  syuijiathetic  with  branches, 
f  larger,  of  the  cerebro-spinal  nerves, 

I  ganglia  differ  widely  from  each  other  in  figure  and  size  :  moBt  of 
which  have  been  longest  known  to  anatomists  are  eonspicuoas 
s ;  but  by  the  researclies  ot  Kemak  and  others,  it  has  been  sIio\sti 
lere  are  numerous  small  or  microscopic  ganglia  dispofied  along  the 
les  of  nencs  distributed  to  the  heart,  the  lungs,  and  some  other 
I ;  and  also  connected  with  tine  plexuses  of  nerves  Ijctween  the 
if  the  stomach  and  intestines. 

Bctnro. — (janglia  ai-e  invested  estemally  with  a  thin,  but  fii-m 
■^ywllierent  covering  of  connective  tissue,  continuous  with  the 
HPpd  perineiu^dl  sheath  of  the  nerves  :  this  outward  covering 
pfdemBes  inwards  t!u*ough  the  interior.  A  section  carried  through 
[Bon  in  the  direction  of  tlie  nervous  cords  connected  with  it,  dis- 
ooUections  of  nen^e-cells,  between  which  the  nerve-fibres 


Fig.  W6. 
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^ — lM%aTnrDtwAh  mctioh  tnaocroE  thi  ihbdlk  of  a  oajtguon  on  rsm  Po»- 
%  mooff  ow  oxs  or  tbi  saoul  vx&txs  or  ths  x>oo,  Aa  sxiir  uhdkr  a  lo^ 
rraa  tommtL    (KA.@.) 

T«-nx)i  eoleriiiig  the  gjmglloD  ;  b^  fibres  leaving  the  g&ngtion  to  join  the  mixed 
erre  ;  (V  CManoectivie  tiaaue  coat  of  the  g&nglioa  ;  d,  principal  groiip  of  nerve- 
ih  fibre*  psMing  down  Erom  mnoagst  tLe  oellflf  probably  to  unite  wttb  the 
xtaUy  eoaniiig  iterre-fibn^  by  T^ahaped  jtmctions  (see  text). 

i3).     The  nervong  cords  on  entering  lay  aside   the  perineural 

I,  which  become  merged  into  the  general  connective  tissue  of  the 

and  spread  out  into    smaller   bundles,    between  which    the 
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ganglion-cells  are  interposed ;  and  the  fibres  are  gathered  np  Sj 
conk,  furnished  with  perineural  sheaths,  on  issuing  from  toe  ] 

Fig.  154.      Kg.   154. — ^A  bipolar  hiryb-gbll,  with  its   polm  pbolo 

XEPULLATBD  KBRTX-FIBRK8  (KtJ  Mid  Ketdiu). 

The  whole  is  inyesied  by  the  primitiTe  sheath,      i?,  S^ 
Banyier. 


The  nerve-cells  have  mostly  a  round,  oval,  or 
figure.    Each  cell  is  inclosed  in  a  transparent  capi 
nuclei  upon  its  inner  surface,  (figs.  155, 156)  ;  these 
are  continuous  with  the  primitive  sheaths  of  the  ne 
SchultKc). 

Fig.  155. 


Fig.  155. — A    OINOUOK-CILL    WITHI5    ITS    8HIATB  ;     FlOM  Tl 

8TMPATHXTIC.     HiOHLT  MAGviFiBD.      (Key  Slid  Retiioi 

Of  the  relation  l)otwcen  the  ncrxe-fibres  in  a  gang 
the  ganglion-cells,  it  is  prol>able  that  8i»me  fibres  i 
thnmgh  without  U-ing  connec-ted  with  the  cells,  1 
every  nene-cell  is  connected  with  a  fibre  ot  with  fib 
the  case  of  nmlti-polar  cells  (fig.  1.^5),  such  as  are  : 
the  symj»athetic  ganglia,  each  of  the  branches  of  the 
all  i>robability  continuous  with  a  ner\e-fibre,  and  t 
is  certainly  the  case  with  bipolar  cells,  at  least  those  i 
the  two  pok^s  are  prolonged  from  opposite  exta^mith 
cell  as  in  the  s])inal  ganglia  of  fish  (fig.  154),  m 
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le  pyriform  cells  before  noticed  (see  p.  148,  and  fig.  146)  in  which 
jHX)ce88es  arise  from  a  part  of  the  cell  near  one  another,  and  are 
inned  in  opposite  directions,  either  at  once,  or  after  the  one  fibre 
made  tno  or  more  spiral  coils  around  the  other  or  straight  fibre. 
-polar  cells  are  found  in  the  spinal  ganglia  of  the  higher  vertebrates 

156).  In  them  the  single  nerve-fibre  process  is  observed  to  divide 
re  long  into  two  fibres  («?)>  which  traced  far  enough  are  found  to 

in  opposite  directions  toward  the  ends  of  the  ganglion.  Some- 
s  the  branches  are  of  equal  size,  but  they  are  often  unequal,  one 
g  decidedly  smaUer  than  the  other.  As  in  all  cases  of  a  division 
i  mednllated  nerve-fibre,  the  bifurcation  takes  place  at  a  node  of 


156. — Two    VBKTS-CILLS     VBOX    A  Fig.  156. 

DIAL  oAHouos  (hvxas)  (Betrius). 

,  Nucleated  aheath  ;  n,  n,  nuclei  of 
^rimitire  sheatli  of  the  neire.  From 
ceU  a  fibre  can  be  seen  to  arise,  and 
r  a  conroloted  conne  on  the  sorfiioe  of 
nerre-cell,  to  biforcate  (opposite  d) ; 
B  wluch  point  the  diriaions  pass  either 
he  opposite  direction  to  one  another,  as 
k,  or  at  first  in  the  same  direction  as 
B.  Tbe  nuclei  of  the  sheath  of  the 
n«-edl  are  aU  represented  in  B,  but 
ly  tiMse  seen  in  profile  have  been 
peseatedin  A. 


mvier,  and  this  may  be  the  first 
)de  from  the  cell,  or  the  nerve- 
HB  may  pass  two  or  three  or* 
ne  nodes  before  thus  dividing, 
le  cell-process,  which  usually 
[iiires  its  medullary  sheath  very 
n  after  leaving  the  cell,  is 
jn  convoluted  over  the  surface 
or  around  the  cell ;  this  is 
xnally  the  case  in  the  human 
lal  ganglia.  Its  bifurcation, 
in  other  words  its  junction 
1  a  nerve-fibre  traversing  the 
glion  is  often  T-shaped. 
hese  T-shaped  divisions  were 
noticed  by  Ranvier.  They 
i  been  found  by  Eetzius  in  the 
al  gangh'a  of  all  classes  of  vertebrates  above  fishes — where  the  cells 
bipolar  like  that  shown  in  fig.  154  ;  and  also  in  man,  in  the  spinal 
jBii,  in  the  jugular  and  cervical  gangha  of  the  vagus,  the  geniculate 
^on  of  the  fecial  and  the  Grasserian  ganglion  of  the  trigeminal ; 
QOt  in  the  otic,  the  ephenopalatine,  the  sub-maxillaiy  and  the  ciliary 
;lion,  the  cells  of  all  of  which  are  multi-polar,  and  hence  resemble 
i  which  are  found  in  the  sympathetic. 


Is  which  are  tEBuntional  in  character  between  the  bipolar  ceUs  of  moet 
I  and  the  tmipoUur  ceUs  with  forked  process  of  the  higher  vertebrates,  seem 
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to  occur,  as  Freud  has  aho^vn,  in  Petromjzoiif  in  whi^h,  in  additioo  to 
ordinary  bipolar  cells,  eome  of  the  cells  have  their  two  prooenes  ooming  off  9 
close  to  one  another,  and  others  are  unipolar  vrith  a  short  single  pr9ce»  vl 
Boon  bifurcates  to  form  two  nerve- fibres  passing  in  opposite  directions 


0HIGIH8    OB    BOOTS    OF    THZ    N1&RVS8. 

Tbe  ccrebro-fipinal  ncrve^,  as  alreudv  gaici,  are  coiinectefl  by  one 
treraity  to  the  irraiii  or  to  the  spinal  corI,  aod  this  central  citremi 
of  a  ner\'e  is,  in  the  langnai^e  of  luiatomy,  named  its  oriirin  or  wc 
III  some  casos  the  root  is  siii^^Ie,  that  is,  the  fuiiiciiH  or  fibres  by  wliil 
the  nerve  arises,  are  all  attaclied  at  one  spot  or  along  one  Hue  vt  tncJ 
in  other  nerves,  on  the  contrary,  they  form  two  or  more  sepani 
coEeciions,  which   arise    apart  from  e^ich  other   and  are    coi 


Pia^  167. 


Pig.   157.— Roon  09* 
or   tuM  spiHAL  1 
astrnforaoMTMi 
ooiD.    (A.  T.) 

A»  from  before;  'B^fl 
the  side ;  C,  from  j 
D,  the  roots  i>Gparilt4| 
5»  anterior  root ;  6,  f 
tenor  root  M-ith 
6'.    The  full  d« 
this  figtire  will  be  i 
the  chapter  on  the  < 
Bpiiml  neryoui  1 


with  different  parts  i 
the    nervous    centre, 
and  such  nerves  Jin 
accordingly    said    i&_ 
have    two    or 
origins  or  root«, 
the  latter  ca£;e,  ] 
over,    the     diffe 
nKit8  of  a  nerve  ] 
differ    not    only 
their  anatomical  eb 
racters  and  connections,  but  also  in  function,  as  is  well  exemphfi 
in  the  spinal  nerves,  each  of  which  arises  by  two  roots,  an  anU'rior^ 
and  a  jx>sterior — the  former  containing  the  motor  fibres  of  the  nerve, 
the  latter  tlie  sensory. 

The  fibres  of  a  nerve  may  be  traced  to  some  depth  in  the  sobstanoe 
of  tile  brain  or  spiuol  ctird,  and  hence  the  term  **  !ippan}nt  or  suf*erticijil 
origin  "  hns  l)ecn  employed  to  denote  the  phice  where  the  root  of  a  nerre 
is  attached  to  the  8urfiMx\  in  order  to  distinguish  it  from  the  "  real  of 
deep  origin  "  which  is  beneath  the  sLirface  and  conceiiled  from  view. 

If  tlie  decji  origin  U*  traced  out,  it  will  always  Ix;  foond  that  the 
nenT-fibrcs  arise  from  jxirtions  of  the  grey  suhstaufM)  of  the  nerve- 
centre  ;  these  portions  of  grey  substance  being  sometimes  known  ^ 
the  ** nuclei  of  origin*'  of  the  nerve.  In  many  cases  it  haa  been 
shown  that  the  individual  nerve-fibres  originate  as  prolongadoiis  of  tba 
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ve-cells  in  the  grey  sabstance  (fig.  158),  and  where  from  the  small- 
B  of  the  cells,  or  the  complexity  of  arrangement  of  the  fibres  it  has  not 
n  possible  to  trace  any  snch  connection,  it  is  probable  that  it  exists  none 
1^.  It  is  somewhat  donbtfol  whether  the  nerve-fibres  originate  in 
r  other  way  than  directly  as  cell-prolongations.  The  intermediate 
Mtance  of  the  grey  matter  of  the  brain  and  spinal  cord  is  pervaded 
xjwhere  bv  an  exquisitely  fine  network  of  nerve-fibrils,  and  it  has 
SI  supposed  that  on  the  one  hand  the  ramified  processes  of  the  multi- 


V     158.  —  RaXITIVD     ITBETl-OnL 
nK>M     AXmiOE    OOKHU    OF  8FIVAL 

'  OF  ILLS  (from  (Jerlach). 


%  azis-cyliiider  prooeas.  6,  clump 
!  pigment  gnumlea.  AboTO  the  cell 
i  part  of  the  network  of  fibrils 
1  in  the  text 


Kg.  158. 


nbr  cells  lose  themselves  in 
Ub  network,  and  on  the  other 
lad  that  some  of  the  nerve- 
hn  may  take  origin  fi'om 
he  «me  general  network.  So 
wk  there  would  be  in  this 
agr  through  the  intermediate 
ifirtMioe  of  the  grey  matter  a 
aiend  connection,  not  onlv 
^  the  nerve-cells,  but  through 
1606  and  their  axis-cylinder 
ooeases  also  of  the  nerve- 
IR8  of  the  cerebro-spinal 
Item. 

The  fibres  of  origin  of  a 
rve  on  quitting  the  brain  or 
inal  cora  are  in  most  cases 
Jected  into  funiculi  and 
loiie  the  connective  tissue- 
iathB  above  described.  These 
iathB  are  in  continuity  with 
I  membranes  investing  the 
lin  and  spinal  cord,  and  their 
adons  will  be  better  under- 
tod  after  the  membranes  in 
eation  have  been  described. 


Tebxesatios,  or  Peripheral  Distribution,  of  Nerves. 

It  may  be  stated,  generally,  and  apart  from  what  may  apply  to  s])ecial 
ydes  of  termination,  that,  in  approaching  their  final  distribution,  the 
na,  medullated  and  non-medullated,  usually  divide  into  branches, 
e  division  in  the  case  of  medullated  fibres  always  occurring  in  the 
nation  of  a  node  of  Eanvier  (fig.  159).  The  axis-cylinder  participates 
the  division ;  and  since  the  white  fibres  frequently  lose  their  medullary 
eath  shortly  before  they  terminate,  they  are  then  represented  by  the 
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:i:fi^^7lixidcr  and  itji  ramifications,  although  the  primltiTB  ah^b  i 
^//v'lfin^  HfjuiG  h'ttio  war  alon^  the  branches  after  the  mednllaiy  f 
:,;M  *:^AMtA.   Bj  repeated  division  the  iibr^  become  amaller  and  m 
v.-  wftlhi  fiome  of  the  lesnlting  email  fibres  maj  h&  simple,  nmof  J 
/^Aifjr  bundle.^  of  exquisitely  Ace  fibrils. 

Thft  fibres  boar  nuGloi>  which  probably  appertain  to  the  ptdo  ^ 
ofthn  primitive  sheath;  the  nuclei  are  common  at  the  bifurcationi^ 
lUn  HbnjSf  where  they  are  of  a  triangular  or  irregular  shape, 
imht  fibres  often  join  into  piexnees;  but  their  ukimate  dispositi^i 
diJfunjnt  parts  will  be  treated  of  below.     As  has  already  been  i 
tiii^  original  dark-bordered  fibres  which   thus  mida^go  dim^  i 

Fig,  159, 


fig.  l5^.--^nM,u.  itixcn  OF  4  iiracrij.m    htktv   of    thi  tboo^  itiak  m  rtmau-^ 
Ttijiir,  iRovixa  MTiaidSfi  of  fas  Ttm.%%.     Mi^vrnMit  3^0  fiLLXXTsas  ^SHikfl^ 

0,  Into  two ;  hf  into  t]u«e 

rhangtv  or  w!n*,*h  may  pnx\»CHi  sini^lT  to  end  in  a  diffeT<?Et  and 
mantier.  are  ix^nmvniy  provide^l  with  a  tolerably  strong  ix»nnective  Ba 
dhiNHth  with  nuclei,  whioii,  as  h  standi  well  ai^art  from  the  dark  In 
of  I  hi '  fi I  ^n\  l <  v^TY  o  ^ n ^1  \UK M m  ( 1  lenle's  >^\^^a  t  I^  V     Th h  is  den  vexl  fj^m ! 

till'  1^1  i(i\'iit  ivi.ii   ««ii;iii   iiiv  iv*r>v-^  tiiO  fUtUv  uii  \>i     tiiv  u^i  v^i^ii  uu.A0y  «yi«i|  4 

liieso  jvirt  into  smull  r  cv»llootii^ns  and  sinirle  fibn^,  undergoes  a  oom- 
Khon.linc:  divisiiMi.  aiid  finally  sends  sheaths  along  single  fibres.  Wittn 
iUv  slu\ith  of  Honlo  fine  longitudinal  connective  tissue  fibres,  with  inlfl^ 
apet  M^l  ^^>^pus^^K^  a:v  sivn  sum^unding  the  nerve-fibre  or  fibres.  TUl 
\\M\w  i*  a  prx^longiUion  of  the  endoiKMirium. 

In  further  (n^ating  of  the  tonumation  of  nerves,  it  will  be  ooajeoktA 
Us  couAidor  (he  s^niswWy  and  motor  ncn*es  separately. 
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a!BBlONATI0NS    OF    8EN60RY   KlIItTBS. 

TThe  sensory  or  afferent  nerres  end  either  in  cells  or  In  free  nerre* 
dtngSi  which  may  be  simple  or  plexiform,  and  may  be  inclosed  by 
Is  or  have  an  IndepeDdent  distribution.  Of  the  sensory  nerves  which 
nninate  in  cells,  the  beat  known  and  longest  recognised  are  thoae 
ijdi  are  found  in  the  orgtms  of  special  sense«  Here  the  nerres  or 
iter  their  aiis-cyhnders,  usnally  after  dividing  into  fihrils,  appear  to 
3  in  modified  epithelinm-cells,  which  are  termed  smsori/  or  nerve- 
Wah'um  cells^  and  are  characterized  for  the  most  part  by  tJie  pos- 
ision  of  a  peculiar  stjliform  process,  directed  peripherally,  while  ou 
other  hand  they  are  connected  centrally,  as  it  would  seem,  with  the 
e-fibres  of  the  sense-orgaa  In  the  difterent  organs  of  special  sense 
nerve-epithehnm  ceils  undergo  pecuHar  modtficatiouB,  and  present 
n  complexities  of  structure  which  will  be  more  properly  treated 
in  the  ports  of  this  work  which  are  devoted  to  the  description  of 
.organs. 

the  ordinary  sensory  nerves,  inclnding  those  which  are  devoted  to 
ion  of  tactile  sensations,  some  end  in,  or  in  contact  with,  cells 
are  originally  derived  from  an  epithelium,  but  have  undergone 
\am  modlification  in  structure  than  the  nen^e-epithelium  cells  above 
They  are  termed  tadih  cells  l»y  Merkel,  and  he  states  that 
ij  occur  scattered  here  and  there  in  the  deeper  parts  of  a  stratified 
ianu  such  as  the  epideiTnis  ;  but  it  is  more  common  to  find  the 
question  in  the  true  skin  or  other  connective  tissue  structure, 
in  groups  of  two  or  more,  imlted  together  by  a  con- 
tmne  envelope  into  a  terminal  nervous  organ  or  taetik  end- 
According  to  most  observers  the  axis-cyhndcr  of  the  nerve  ends 
not  in,  the  tactile  cells  which  form  the  chief  part  of  the  end- 
and  the  cells  serve  rather  to  protect  the  actual  nervous  termina- 
te receive  it.  Of  the  end-organs  which  seem  thus  constructed, 
known  are  the  tacfiie  corpuscles  of  Meissnet^  the  corpuscles  oj 
;  which  occur  in  birds,  and  the  rouiui  md-bull/s  of  the  human 
HBctiva.  In  other  end-organs  {ajimdrkal  end-bulbs,  Pacinian 
),  the  axis-cylinder  passes  into  and  seems  to  end  abruptly  in  a 
tial  protoplasm-like  mass,  termed  the  core,  which  is  suiTouiided  by 
^emple  or  multiple  expansion  of  the  perineural  sheath  of  the  nerve, 
here  also,  as  the  study  of  its  development  showd,  the  core  was 
inally  formed  of  agglomerated  cells*  But  in  many  nerves  of  general 
tiom  the  nerve-fibi-cs  do  not  terminate  in  a  specialized  organ,  but 
axift-cybnder  becomes  again  and  again  hranchecl,  until  it  is  resolved 
to  filaments  of  extreme  tenuity,  its  ramitications*  which  oilen  unite 
Ustantly  with  one  another  and  with  the  branches  of  neighbouring 
in  a  plexiform  manner,  consisting  of  small  bundles  of  ultimate 
iilsp  which  pass  at  length  to  tcnninate  freely,  and  with  minute 
enlargement^  in  the  tissue  to  which  they  are  distributed. 
is  the  mode  of  ending  of  some  of  the  more  superficially  placed 

iof  the  general  integument,  where  many  of  the  nerve-fibrils  end 
ti  the  odls  of  the  stratified  epithehtmi, 
\o6\l 
bnie 


eeUs  (Merkel)»    Tactile  cells,  iHotat^d  or  in  groniis,  bnt  in  the  latter 
cx)Ueoted  together  to  form  a  tactile  end-organ,  are  described  by  Jlerkel 
jf  in  t]i«  doeper  layera  of  the  epidermic  and  sometimes  in  the  aub- 
akrn  ©tct  fttmost  the  whole  of   the  body.     In  animals  they  are 
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especially  nnmeroiw  in  pwrb*  of  tlie  skin  which  are  rlevoid  of  hairs,  a*  in  1 
ft'hich  covers  the  soles  of  the  feet,  and  on  the  Fnont,  as  well  jui  ftmoQ|iA^ 
epithelium -cells  of  the  hani  palate.    The  celk  in  question  are  round  or  | 
in  shape,  and  prolonged  at  one  part  into  the  axis-cylinder  of  a  nenre>fibn  J 
casein  where  the  axi»-cylinder  is  ramified,  it  may  be  connected  with 
one  of  these  cell^.     Each  cell  is  statetl  to  be  inclosed  by  a  celi-membnn^  i 
y  eontinuouw  with  a  prolongation  of  the  primitive  i^heath  of  the  nenre- 
When  the  tactile  cells  occur  in  the  superficial  layers  of  the  cutis  vem  in 

amongst  the  cell^  of  the  epidermis  they  are| 
to  be  inclosed  in  n  caiwule  c»f   connective  f 
which  hi  pierced  by  the  axiij-cylinder  of  tbei 
fibre  as  this  posses  to  apply  itself  to  one  oil 
surfaces  of  the  usually  fLittened  celL    Such  ifl 
inclosed  in  a  capsule  and  funning  the  t^irroinaMl 
of  a  nen-e-fibre,  represent*,  acconling  to  Mc" " 
the  tactile  endnargan   in  it*  simplest  form, 
exiatence  of  tactile  cell^  such  as  are  de^iibeill 
Merkel   is,  however,  not  generally  adniitied  ^| 
luBtologijjt^. 


Fig.  Iti0«  —  Two  lACTIL* 
C£LLS  in  THE  I>EEPIia  FAftT 
or  THK  HUKJJ*    KPtifElUIIS. 

(MerkeL) 


T&etile    corpuscles    i»r    tQiic)i-hodki| 

( Corjffmtifa  tmiHs)—(fi^^  1 G 1 ,  1 02 ),    Ih 
were  discovered  by  R.  Wrj^^ier  and  Meia 
in  the  papplie  of  the  skin  4»f  the  hand  I 
foot,  where  they  arc  of  an  oval  ^hn\K\  neiirly  -j^-  of  an    inch  loi 
and  ^J^  of  fin  inch  thick.     One,   two,  or  more   mednlhited  ticn« 
fibres  mil   to   the  coi^paiscle   and  either    at    once   or    after  win 
round  it   two  or  more  times,  i^rtiss  into  its  interior  and  become 


Fig,  161. 


Fiff.     161.  —  Sectt  y 

PILL.C         AJTD         I    < 

LATERE     or     KFIi 

{Bifsaiadecki,) 

a,  Va^ular  papiDii 
capillary  loop  paa ' 
sabjacenireaBfrlc:  ^1 
papilla    with    tartHe  o^ 
puftcle,     L        Tbe    li 
exhibits  tnuisT«ne  ftli 
loArkiugs  :     three    M 
fibres^  dt  are   reprtM 
as  passing  up  to  it  i   tiff 
these  are  aeeo   in 
section. 


to  view.  The  taotik 
corpnseles  were  de- 
scrihed  l»y  their  clis- 
enverers  as  t^msisting 
oi'  a  jsiuft  Rtmctnrrku 
core  nr  central  pwt 
in  wliieli  the  ntiT^ 
filnxs  were  thoaght 
to  temiinate  by  bullKnis  enlargements,  and  of  an  inclaeiug  capw 
of  connective  tissne,  continuous  with  the  perineurinia  of  the  n^sm, 
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fcir  the  most  part  of  transvei-j^  or  jq^iral   fibres  and 
^KTanmiiged  as  Uigive  the  littl<i  body  somewhat  the  ftspect  of  a 
^~<t>T)e.    It  would  appear  however  that  a  soft  core,  like  that  of 
otiqiiiscles  to  he  presently  described,  does  not  m  ix-aHty 
!-c]es,  liut  tJiat  the  main   sobstaiiee  of  the  touch- 
<tf    crmnectire    ti.«sne,    prolooj^ed    inwards    from 
lik  Lht  fonii  of  imperfect  nienibranons  septa  (fig.  1G;1  A), 
h    are   Etipported   the   con vohit ions  and  ramifications  of 
'he  enlar*(enieots  in  wbich  tli*^  laancbes  of  the  axi,s- 
■  IW  end  (smalJ  tactile  celJs  accnrdint^  to  Merkel).    These 
[lents,  which  are  eitfier  pyriforni  or  t!:lolmhir  in  shape, 
near  the  capnic,  and  in  small  tactile  eorpnscles  may 
'  project  beyond  it.     On  entering  the  corpuscle  tlie  nerve- 
meet  part  lose  their  mednllary  sheath,  hnt  some  retain 
while,  or  it  may  reap>pear  here  and  there  in  the  course 


Fig.  163. 


Mp 


cfniprKxi!  nmnw  a  nAriLLA  of  run  sKm  (^p  the  hand,  stained 
Of  mthP.     HuJtttr  UAQmntu,     Diawn  by  W.   Flemming,   from  a 

91   E    Fl^HCil. 


L  tlw  mfpurle  are  well  msen. 


k^fAcriLt  oosposcMES  mou  run  palm  ov  the  hand,  t«Ez?i  ik  sKCTioir. 
(MerkeL) 

peetioii  nbowiiig  the  interior  traverwHl   by   connective   tissue  septa 

ilbei9paa)«;  tbe  nenre-fibreii  are  cut  iicrc»«.     B^  tmnsvcnie  Hcciinn  &t  the 

l«f  A  nenre-fibre,  ghowiog  the  iui*-cyliuiler  branching,     UtJi^r  nerve- 


ioJlcaied.     TIte  e^nTolutiotiE}  of  the  ncrre- 


iBtrei.    TTjc  a.\i8-cylinders,  which  ai'e  often  varicose,  have,  as 
^  a  convoluted  course  before  ending;  ijj  their  terminal 


of  ft  oCDtrol  core  tqicli  m  u  found  in  the  Pacinian  corimpcles.  and 

first  pjinted  out  by  T^ngerhapij  and  afterwards  bj  Thin* 

glaled  att  the  result  of  his  obscrvationK^  that  tactile  coipui^cles 

Into  Minple  or  eomjiK^und,  according  tm  thej  receive  one  or  ft 

of  nerre^fihres  eiich  nenre-ibre  piu^&iiig  to  one  distinct  oorpuadei 

X  2 
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i^d  the  larger  coqmscles  being-  compounded  of  two  or  more  ska  pie  ones,   Onti 
other  hand,  even  in  the  same  papilla,  several  small  corpuscles  may  occur  i 
bat  iilstinct  from  one  another. 

Tiictile  corpuscles  have  been  found  in   the   following  parta : — skm  <rf  i 
fingers,  palms  and  solee,  back  of  the  hands  and  feet,  volar  surface  of  the  I 
margins  of  the  lipa,  cODJtmctiva  liaiiig  the  ejelids  and  in  the  mnooofl  ] 
near  the  tip  of  tho  tongue. 

What  apjx^ar  to  be  tactile  coi*pusdes  of  simple  structure  were* 
OJTered  by  Vi.  Kranse  in  certain  parts  of  the  external  «:eiierative  or^ 
both  in  the  male  and  female,  and  were  mimed  by  him  "  genital  i 
piiseles/*     Each  corpuscle  is  composed  of  oonnective  tissue,  conU 
ing  numerous  mieleated  cells,  and  3]»|>eara  not  to  be  pronded  with  a 

special  capsule.     The  axis-cylinder  d  tkl 
nen'e-fibre  entering  at  one  pole  of  t' 
somewhat  oval  corpuscle  (fig:,  lG4)iiHl 
eitlier  pass  straight  or  with  one  or  t<ij 
beridings  through   the    corpusde,    ' 
cud  by  a  tapering  (A)  or  by  ft  dfl 
extremity  ^B)   near  the  opporite 
(often  projectiog  beyond   the   ga 
body  of  the  organ,  as  in  B),  or  it  mijl 
much  couTohitcd  in  its  piassage 
the  organ,  so  as  to  render  it  a  mo 
difficulty  to  trace  its  coui-se  and 
of  t-ennination,     Fi-cqneutlj  the 
divides  into  two  or-more  l)ran<  b"«  wT^Wi 
the  corpuscle,  and  each  of  th< 
in  a  swollen  extremity,  whim  lu'-jc 
lK?yond  the  main  part  of  the  corpD 
the    latter    then    acqiiii-es    a    pect 
knobbed  or  mulberry- like  aspect, 
arrangement  of  the  cells  in  these 
puscles    seems    to     vary    conside 
Sometimes  they  are  chiefly  collected  at  the  exterior,  leaving-  the 
traversed  1>y  the  axis-cylinder  frec^  from  cells  and  of  a  fibrous  app 
ance  (fig.  lf*4  A)  ;  but  in  others   there  is  an  agglomeration  of  cells  ' 
the  centre,  and  the  corpuscles  then  chkscly  resemble  the  spheroidal  { 
bulbs  of  the  biunan  c<injuncriva. 

Paciniaii  bodiei.^In  dissecting  the  neiTCS  of  the  hand  and 
certain  small  oval  bodies  like  little  seeds,  am  found  attached  to  their 
branches  as  they  pass  through  the  subcutaneous  fat  on  their  way  to 
the    skin  ;    and  it   has  l>een   ascertained   that  each   of  these  bodkl 
receives  a  nervous  fibre  which  terminates  within  it.     The  objects  re- 
ferred to  were   more  than   a  ccntmy  ago  de^cril>ed   and   figured  bT 
Vater,  as   attached  to  the  digital  nerves,  but  he  did  not  examin 
their  structure,  and  his  account  of  them  seems  not  to  have  at 
much  notice.     In  more  recrcnt  times,  their  existence  was  again  j 
out  by  Crurcilhier  and  other  French  anatomists,  as  well  as  by  1 
of  Pisa,  who  appears  to  be  tho  first  writer  that  gave  an  accoimt  of  iht 
internal  structure  of  these  curious  bodies,  and  clearly  dumonstrate<l  tlieif 
essential  connectiun  with  nerve-fibres.     The  researclies  uf  Pacini  rrcrt 
follow ed  uii  by  Henlc  and  KoEiker,  who  named  the  corpuscles  after  him  i 
and  the  Pacinian  ooFpufldefl  have  since  been  the  subject  of  name 


Fig.    164.  —  Tactilb    cobpu5ci;.e3 

FROM  THE  CUTOaiSOf  THE  UABBIT. 

^Izquienlo. ) 
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lamella!  of  the  perineuriiini  of  a  nerve.  Each  lamella  (%.  167)^ 
of  a  eormectip-  tissue  layer  formed  lx>tb  of  white  filjres,  whk 
ra*:»fitly  a  tniiisverse  direct  ioii  and  arc  placed  near  its  siu-facefi  ( 
of  elastic  tibres,  which  pass  in  variuus  directions,  ami  (with  oo 
bands  of  white  fibre!?)  stretch  across  the  thickness  of  the  lamel 
one  siirfact*  to  the  other  (r).    The  snrfaces  of  the  lamellae  are 


rig*  166. 


i 


(Prom  a  dm  wing  bj  ProfeMor  J*  M&nluiy»  F.B.S.) 

«»  8(iitk  witU  Her? e-fitir<^  lowing  to  tlid  oorptude.  Cm  or  lv<»  mpUkrict  uv. 
i»t]!fift  tram  it  bet«r««e»  iH«  titntcs.  b  and  c  reprfMnt  Ihe  tenpimtioii  fli  I 
with  tlie  (IimUI  end  nf  tho  core  and  odjoming  tunics,  &rid  ittasti«le  VAiiiiilB  <C 
ment.     In  ti  ibe  fibre  ui  biluixrAted.  ^ 


with  a  layer  of  epithelioid  cells  (aa)^  which  can  be  bron^t  to  xU 
nitrate  of  (lilver,  and  then  their  continiutjr  with  the  ninjlar  oelli 
perineurinm  i«  made  manifest  (fi^*  1C8).  The  tuwuc  nf  each  fan 
lax  as  wimmred  with  that  of  the  layers  of  the  pcrincurianu  f 
mtexvticefl  Wtween  the  fihi^es  are  occupied  by  a  considerable  q 
of  watery  fluid.  prcd»abiy  of  the  nature  of  ^)'mph,  aiid  Gont«uti]i| 
iQonally  lymph*corpnAcleB.  This  flnid  in  the  freeh  itate  U 
obaeun^  the  dili  'n-dof  tlie  lamella*,  so  that  the  adjaeeoi 

of  epithelioid  cti.  -ing  to  tlie  »iii,xx!!saivc  lameUanftand  MtJ 
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The  nerre-fibre  is  single  as  it  nins  aloo^  the  pediiticlc,  ttnlai  1 
the  latter  supports  two  corpnasclea  ;  it  retains  the  mednliar}^  sfaeftSil 
it  reaches  the  core>  into  which  the  axis-cylinder  alone  piasses,  freed  i 
its  primitiye  and  mednllaiT  sheaths  (fi^,  IGl),  r/.).  In  its  course  1 
the  core  it  is  somewhat  fiattent^d,  and  presents  the  ap|>earanoe  dtL 
a  pale,  finely  striated,  and  very  faintly  oiitliued  baud  or  stripe,  ( 
a  darker  and  hktc  sharply  defined  narrow  line;  differing  thoal 
appearance  accorchng  as  its  flat  side  or  its  edge  Is  tonnS  toi 
the  eye.  The  contrast  in  the  appearance  of  the  fibre  before  and  \ 
entering  the  core  is  well  exlubited  aft^r  treatment  with  osmic  acid,i 


/»j. 


Fig.  169.— pAETOfPACISIlSl 

tmoynsQ     tue      BBsri-fi 

EVTERIKa      THE     Coni>      fd 
A3r     <ISMIC     ACID     PSAtAl 

(K  A.  S.) 

mSf    cEteiing    nerre-fibie, 
mednlliLij    sheath    of    wlsiii 
st&ineil  darklj,  and  endt  i 
at  the  core ;  p^  9,  |ii ulnnptiii  I 
primitive  Bheath,  passiiig  f 
the  outer  part  of  the  core; 
ftxis-cyliiider  passing  thnra^  I 
core  as  the  centml  fibre ;  f,  i 
of  the  inner  tunica  of  tbc  i 
puMcle,  eul&rgcd  where  they  i 
against  the  canal  throu^li 
the  nenre- fibre  pasaes  ;    »,  i 
of  thfl  tunics  ;    «',    nuclei  of  tjf 
endon  curium  J  continued  bj  oil 
in  the  outer  part  of  the  oon. 


staing  the  niednllary  ghetdl 
deeply,  wliereas  the  adf' 
cyU  nder  is  far  less  stained,  h 
sometimes  hapf^ens  that  ibe 
fibre  regains  its  double  Dm- 
tour  for  a  short  space^  and 
changes  again  befqre  it  ieT- 
minates  ;  this  is  especially  liable  to  occur  while  it  jiasses  thrtiu^ 
a  sharp  flexnre  in  a  crooked  core.  The  fibre  neiially  ends  by  a 
sort  of  knol>  at  the  fnrthcr  extremity  of  the  core,  which  h  bvn 
itself  somewhat  dilat^ul.  The  knob,  often  finely  granular,  ap- 
pears to  be  an  expansion  of  the  axis-cjhnder,  and  is  sometimes  of 
considerable  size.  It  may  l>e  of  an  in-egidar  shape  with  procctteft 
branching  outwards  from  the  sidefl,  and  in  such  cases  has  been 
taken  to  represent  a  ntTve-cell  ;  hut  the  characteristic  nucleus  of  the 
latter  is  absent.  The  ultimate  dtsti nation  of  the  processes  is  unkuf^wB. 
The  axis-cylinder  shows  thci  usual  longitudinal  filirillation  as  it  pftfiae» 
tluongh  the  core,  and  the  fibrils  become  somewhat  spread  out  as  they 
pass  into  tlie  teiininal  expansion.  In  many  cases  the  fibre,  either 
immediately  before  ternunating,  or  in  its  coiu*sc  through  the  core, 
divides  into  Itranehcs  :  a  division  into  three  has  been  obeerred, 
but  this  is  more  rare.  In  case  of  division  of  the  fibre,  the  core  is 
'nlly,  but  not  in\'ariably,  divided  in  a  corresponding  m^sorei 
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k4l  the  inner  tunics  present  a  figuro  in  keeping  with  it.  It  is 
^cthy  of  remark,  that  the  nerve-fibre  in  its  course  along  the  core 
JD8  alraoet  exactly  in  the  axig  of  the  latter,  and  it  maintains 
ms  j)c^sition  even  when  passing  through  the  abnipt  flexures  of  an 
^ilarly  shaped  core.  It  sometimes  happens  that  a  fibre  pajsees 
Lhrongh  one  corpuscle  and  tenni nates  in  a  second,  resumini^ 
rji^^inal  size  and  dark  outhne  wliile  passing  from  the  one  to  the 
•fcer ;  and  it  is  said  that  a  nerve-fibre  may  go  tlirongh  two  Pacinian 
s  without  t^'iminating  in  either,  rctnrnini^f  again  to  the  parent 
in  form  of  a  loop  (Pappenheim).  A  little  arteiy  enters  the 
•an  bodies  along  with  the  nerve,  and  soon  divides  into  capillary 
bes^  which  run  np  between  the  tunics.  They  then  form  loops, 
i.<i  return  by  a  similar  route  into  ft  I'ein  corresponding  to  the  arteiy  : 
single  capillary  usually  accompanies  the  nerve  as  far  as  the  core, 
»d  passes  some  way  on  the  wtill  of  the  latter,  sometimes  i^ith  a 
iral  direction  (Bowman).  Uccasionally  a  vessel  enters  the  corpuscle 
the  distd  ena  and  passes  towards  the  core,  uniting  the  tunics  in 
^passage. 

As  to  the  nature  of  the  core  of  the  Pacinian  body,  there  is  coneidemble  dif- 
Loe  di  opinion.    That  it  id  not  merely  ou  expansion  of  the  meduUai^'  sheath 
Dcrre-ilbre,  bs  was  thought  by  En^'lmaiiii,  is  ehown  by  its  behaviour 
floid^,  and   particulwly  osmic  acid  (fice  fig.  169).     Moreover  in 
the  medolhkry  ^eath  is  jirolonged  for  some  distance  into  tho  core, 
]y  happens,  the  oontraflt  between  it  and  tho  rahstanoe  which 
it,  is  very  marked. 

Lg  the  trtte  nature  of  the  core,  it  should  first  be  remarked  that  it  i^uot 

homogeneonA  and  fltmctureless,  a^  on  Btipcrficial  examination  it  seems 

bnt  exMbiti  ait  least  in  its  outer  part  longitudinal  Btriation  and  nuclei  in 

number.    In  tnmsrerBe  section  the  striatlon  in  the  outer  part  of  the 

it  Been  to  be  concentric,  and  produced  apparently  by  flattened  nucleated 

wlucb  are  so  arranged  as  to  inclose  the  inner  and  more  homog^neouB 

At  the  entrance  of  the  nerve-fibre  into  the  core  the  nucleated  ceUfl 

en  of  are  to  aU  appoaranco  continuous  with  a  layer  of  celk  in  the 

around  the  entering  nerve- fibre,  bo  that  this  outer  part  of  the 

1^^,  might  be  regarded  aa  formed  by  an  expansion  of  endoneurium. 

part,  on  the  other  hand,  that,  namely,  which  is  in  imniediate  contact 

■zis-cylinder^  appeort  gtmctureleas.     In  its  behaviour  towards  staining 

it  leeemblei  protoplasm,  and  it  is  poBsible  that  it  may  represent  the 

Ic  layer  which  in  youngs  nerves  intcn-enes  between  tho  axie-cylinder 

of  Schwann  of  a  nerve-fibre^  and  in  which  the  fatty  Eubstanoe  of 

sheath  becomes  depoaited. 

obaerveiv  have  described  a  delicate  etmetuTetess  sheath  around  tho  azts- 

here  is  well  as  in  ordinary  nerves. 

lg*  posxtive  is  known  concerning  the  special  purpoBe  in  the  animal 
lomy  which  the^  carious  appendagrca  of  the  nerves  are  destined  to  fulfil. 
Kiaose  endeavoni-s  to  show  that  the  series  of  eoncentrio  capsules  with 
fluid  is  an  arrangement  for  converting  the  effect  of  mechanical 
iO  into  floid  pressure  upon  the  nerve,  bo  that  teniaion  and  traction  of  tho 
which  the  ooipaacle  is  placed,  may  be  felt  and  appreciated  as  ordinary 

ia  known  as  to  their  development,  except  that  when  first  visible 
ID  the  form  of  smaU  agglomerations  of  cella  amongst  which  the 
L  of  a  nenre-fibie  becomes  lost  to  view. 


Snd-bullis.— If  the  conjanctiva  of  the  calf  or  of  certain  other  animals 
UjjftrefuUy  Bpread  oat  and  examined  under  the  micro^cope^  manj  of  the 
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merJiiUated  nerves  whii^h  course  Jii  different  directions  in  the  i    _ 
may  be  seen  to  entl  in  very  small  oval  or  elunsfatal  corpusclea,  to 
interior  of  which  the  axis^cjUiider  of  the  nene-fil)re  iMifiseg,  0 
bj  a  soft  homo;r«-iieonfi  core,  to  entl  near  the  exta'inity  of  the 
with  a  rounded  or  dilated  tennination.     The  core 'with  its  oonU 
(ihre  is  loeloa'd  in  u  simple  nucleated  capsule  composed  of  1 
cells.      The  raedullary  sheath  ceases  abruptly  at  the  entrance  of  I 
nerve,  whereas    the   primitive   sheath  appears  to  be  continued  otitI 
the  core,  aud  to  hue  tlie  cipsule.     These  so-called  **cylindriea[  tod- 
bulbe"  were  discovered  by  W,  Krause,  and  they  have  been  foinid  m\ 


vested 
sheath. 


Fig.   170.  Fig.    170.*— CrLlJTDmOAL   EHl>*BirLII3  FlOU  THE  COXJiriCTlTl  *l  I 

THIS  cALf,     (Herkel.) 

A,  in  optical  longttudinA]  aeotum ;  B,  in  truisreno 

ft,  entering  ixerve^libre  ;  e,  imdmM  Ckprale. 


only  in  the  conjunctiva  of  diflTerent  animals,  \m\ 
in  various  parts  of  the  skin  and  here  and  there  I 
in  the  nmcoiis  membrane  of  the  mouth*  Terminilj 
corjjiiseles  of  this  exact  nature  and  form,  have  hm 
ever  hitherto  not  been  ol>6erved  in  the  conjanctiT 
of  man  n<>r  of  apes,  but  their  place  is  here  snpplia 
by  the  small  **  spheroidal  end-bulbs "  of  Kraose" 
(%.  171,  A).  These  (fig.  171,  b,  c)  are  comyKtstil 
of  u  Connective  tissue  capsule  (a)  inclosing  ft 
number  of  polyf^onal  cells,  among  which  the 
axis-cylinder  terminates,  8ome times  the  small 
niediillatcd  fii>re  which  passes  to  each  spheroidal 
etid-bulb,  divides  into  two  or  more  brancb« 
before  reaching;  the  bulb,  and  the  branches 
may  Ije  twisted  around  one  aiiotJier  on  their 
juissagc  towards  the  organ  (b).  The  capsule  i* 
continuous  with  the  sheath  of  Henle  of  the 
nerve-fibre,  and  internally  it  is  closely  in- 
with  a  nnclcatcd   memViraoe,    proloiigtH.1   from   the    primitiPr 


It  will  be  Been  that  the  ao-called  cylindrical  end -bulbs  closely  Tesembto  the 
central  part  or  core  of  a  Pacinian  body  divested  of  all  btit  its  innermost  ttmic.  aad, 
to  complete  the  resemblance,  tlattened  conoentricaUy  arranged  cells  are  de- 
ity Merkel  as  ocourring  in  the  eud-bulb  aa  well  a^  in  the  core  of  the  Pa< 
In  flhorti  it  wotiM  aeem  as  if  the  little  bodiea  in  question  represeiit  the  *iiiiph^ 
of  the  type  of  terminal  oorpuscles  of  which  the  Pacinian  coipoj»olet  htq  the  moA 
camples  examples ;  the  coiiiplexltjha^'ing  been  produceil  in  the  latter  by  th^  nmUK 
plication  of  the  timlc^.  In  conformity  with  this  view  it  may  be  mentioned  thifc 
Paciuiau  corpnscles  are  frequently  found,  especially  in  the  lower  animals,  in  whidl 
the  tunics  are  few  in  nnmber  and  the  corjiusclea  correspondingly  smaUer.  On  th9 
other  hand,  the  round  end-bcdbs  approach  more  nearly  some  of  the  tactile  oor- 
piwclei*  in  BtmcturCt  tho^,  namely,  of  a  simple  kind,  «uch  as  are  met  wiA 
in  birdst  which  form  a  transition  to  the  mnch  more  complicated  tactile  corpcucllf 
which  occnr  in  mammals,  and  e-^pccially  tho^e  in  the  papiilas  of  the  humaD 
hand.  At  the  same  time  it  cannot  be  i9iippo$*ecl  that  there  is  any  ftrndamientel 
differenoe  in  the  two  IdndB  of  end-bulb,  although  the  ammgemeat  of  Hia 
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in  the  core  and  the  conrae  taken  hj  the  nerve-fibre  is  seeminglj  different, 
we  see  that  in  different  anJTnals  those  of  the  one  kind  are  replaced  bj 
of  the  other  kind. 

Fig.  171. 


Kg.  171. — Efd-bulbs  from  thb  human  conjunctiva.     (Longworth.) 

A,  Bamification  of  nerve-fibres  in  the  mucous  membrane,  and  their  termination  in 
end-bulbs,  as  seen  with  a  lens;  B,  an  end-bulb  more  highly  magnified :  a,  nucleated  capsule ; 
iy  core,  the  outlines  of  its  component  cells  are  not  seen ;  r,  entering  fibre  branching  and  its 
twt>  divisions  passing  to  terminate  in  the  core  &t  d;  C,  an  end -bulb  treated  with  osmic 
add,  showing  the  cells  of  the  core  better  than  B ;  a,  the  entering  nerve-fibre ;  b,  capsule 
with  nuclei ;  e,  e,  portions  of  the  nerve-fibre  within  the  end-bulb,  the  ending  of  the 
fibre  is  not  seen ;  d,  e,  cells  of  the  core. 

On  account  of  the  light  which  they  throw  upon  the  structure  of  the  end-organs 
of  manunala,  a  short  description  of  the  tactile  end-organs  of  birds  may  not  be 
out  of  place  here. 

Tactile  corpnscles  of  birds. — It  was  noticed  by  Grandry  that  in  the  soft  skin 
covering  the  bill  of  certain  birds,  such  as  the  duck  and  goose,  a  peculiar  form  of 
end-organ  exists  consisting  of  two  or  more  flattened  cells,  enclosed  in  a  common 
capsule  of  connective  tissue,  and  receiving  between  them  the  termination  of  the 
axis-cylinder  (fig.  172).  The  structures  in  question  have  since  been  investigated 
bjHerkel,  Key  and  Hetzius,lEtanvier  and  Hesse,  and  more  recently  by  Izquierdo, 
with  the  following  results  : — 

The  cells  which  form  the  corpuscle  of  Grandry  are  for  the  most  part  of  no  great 
thickness,  and  the  surfaces  which  are  opposed  to  one  another  are  flattened.  Their 
protoplasm  is  stated  by  Merkel  to  resemble  that  of  nerve-cells,  having  a  striated 
upeet,  the  striaB  being  partly  concentric  with  the  periphery  of  the  cell,  partly 
passing  radially  through  it.  The  nucleus  has  also  been  compared  to  that  of  a 
guiglion-celL  There  may  be  two  only  of  these  cells  (which  are  termed  by 
Ifeikel  "  tactile  oeUs/*  by  others  "  protective  or  inclosing  cells  ")  in  a  corpuscle 
of  Grandry,  or  there  may  be  three  or  four  or  even  more,  piled  the  one  on  the 
other.    When  nmnerons  they  may  lose  their  regularity  of  arrangement.    Occupy- 
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ing  the  interval  between  every  two  cells  is  a  flattened  disk  termed  the  ' 
disk,"  and  according  to  tlie  testimony  of  all  the  above-named  obserreo  i 
axiii- cylinder  of  the  entcnng'  nerve- fibre  endii  in  these  tactOe  diftka. 
ing  to  Merkel,  the  disk  ia  itself  ♦  on  the  other  hand,  directly  in  coatinnity  witid 
or  both  of  the  cells  between  which  it  lies.  The  tactile  cella  and  disks  tni 
incloBed  in  a  common  capsule  or  Bbeath  of  connective  toBsue  continnou?  wttlil 
perinenrium  of  the  nerve  ami  receiviDg  also  a  lining'  from  the  nncleated  s 
Schwann,  From  the  capsule  incomplete  septa  jjase  inwards  between  the  i 
cellSp  aa  far  as  the  edged  of  the  tactile  diaka,  so  that  the  septa  look  as  i 
were  perforated  to  receive  the  diaka.  Usually  a  single  nerve- fibre 
each  oori)iiscle,  and  this  may  either  iose  its  medullary  sheath  on  ent^iaf  | 
oorpusclo  or  may  ret:iin  it  for  bo  mo  part  of  its  coarse,  although  it  ev^ 
in  any  case,  becomes  lost  The  axia-cy Under,  passing  between  the  oapsokl 
the  tactile  cell«,  divides  into  aa  many  biTinchea  aa  there  are  tactile  disk^l 
which  J  aa  already  mentioned,  it  finally  terminatea. 

It  will  appear  from  the  above  account  that  the  chief  point  in  which  there  bij 
difference  of  opinion  with  regard  to  the  structure  of  these  Bimply  con 
tactile  corpnacleB,  is  as   to  the  expansion  of   the  axiB-cy Under  kno^^n  ; 
tactUe  disk,  whether  this  is  prolonged   or  not  into  the   cella  which  coti 
The  former  view  is  taken,  as  we  have  seen,  by  Merkel,  but  the  opiuions  of  i 
other  observers  are  adverse  to  it.   There  is,  however,  this  to  be  said  in  favMrl 
Merkel'a  view;  namely,  that  when  degeneration  Uikea  plaoe  as  a  reaalt  of  t 
section  of  the  nerve*  the  degenerative  process  extends  not  only  to  the  tactii  | 
disk  but  also  to  the  cells  which  cover  it. 

These  corpuscles  are  developed  aa  a  result  of  the  multiplication  and  doti- 1 
growth  of  some  of  the  epithelium-cells  which  Ue  at  the  apex  of  a  papnia  (fig.  ITlcy  I 
The  growth  becomes  entirely  cut  off  from  the  rest  of  the  epitheUum  wwl  «w^ 
rounded  by  oonneotive  tiflsue,  whOst  the  cells  in  it  are  converted  into  the  flattenai  | 
*'  tactile  cells/*  and  a  isiolongation  of  a  nerve-fibre  grows  up  into  it 


Fig.  172, 
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Fig.  172*— Taotilk  coEPtJSCLBS  frou  THi  PUCK**  TOKOiTB.     (Izquierdo.) 

A,  composed  of  three  ceUs,  with  two  [aterixiscd  disks,  into  which  the  ftxis-^ltiidct  d 
the  nerve,  n,  is  obaei-red  to  paaa ;  in  B  thore  h  but  ono  tactile  disk  endooed  between  1^  I 
tactUu  cells  ;  C  iDastnites  the  devdopmerit  of  a  tactile  corposcle  like  the  one  ithown  in  B; 
tf»  deeper  ecllji  of  the  epithelium  covering  the  papilla  ted  surfaoe  of  tho  tongue :  p,  ipet 
of  a  papilla,  in  which  there  is  men  to  l>o  a  downgrowth  of  opithelium-cetht,  the  kair  I 
most  of  which  are  dovclopcd  into  t:vctile  cells. 


Othei?  modes  of  endmg  of  uenBQTj  nerves.  Instead  of  ending  in  the 
special  teraiiiiul  corpuscles  of  difFereiifc  kinds  wliicli  have  been  descriVjed  iu 
toe  precediiicr  pages,  mnny  Bt-nsoiy  nerves,  m  before  stated,  terminate  iu 
the  furm  of  fine  mmifications  of  the  axis-cylinder,  wbich  pass  l>etween  iht 
elements  of  tbe  tissue  to  which  the  nerves  are  distril>uted^  and  may  either 
simply  come  in  contact  with  them,  or,  it  is  beheved,  may  in  some  cases 
form  an  actnal  connection  uith  the  cells.  As  they  approach  their  t€f- 
mination  the  sensory  nerve-fibres,  w!iicb  are  generally  mediillatctl,  diviile 


%  liH— PifimivirTioK  tfw  irsKTu  nt  a  pobtiof  of  teb  cobjtea  of  a  fboq. 

(Eieio.) 

Hr  ■uif  m  iteiiied  with  chJoride  of  gold,     a,  47,  part  of  n  plexus  of  non-mcdullnted 
up  ttf  aWDeroiit  fioo  fibrils ;  b,  h,  smaller  filiroa  derived  from  them^  and 
^riag  off  ilill  cmalkr  tiranchea,  e,  r,  wkicU  arc  compo^il  of  single  filaik. 


in  preparations  stained  isitb  chloride  of  gold,  that  the  axis-€jlinder 

up  of  fine  varicoee  fibrils  (fig- 1 7:^,  ft,  a).     At  eveiy  division  of  the 

of  tbe«e  fibrils  pass  into  each  ijranch,  end  wlicre,  as  often 

the  branches  unite  with  one  another  bo  aa  to  form  a  BubtciTninal 

of  the  fibrils  [►ass  across  li'om  one  branch  to  another.     By  the 

the  lefminal  ramification  is  reached  many  of  the  branches* may 

li  of  onlj  one  or  tr^T*  nltimute  fibrils  (r,  r).     It  is  generally  foimd 

thv  dieath  of  Schwann  Iins  ceased  lou«:  before  thie  condition  is 

imi  »t,   n1ff.ni.rrh  nnclci  apparently  like  those  of  that  ahcatli  may 

a  be  •^  here  antl  there  njMjn  the  branchcB,  especially  at  the 

riB  of  In  I  nyitiiua.    Finally,  the  branches  of  the  nerre,  thus  rednced  to 

eooditiofi  of  ultimate  fibrils,  often  TaricDg^:',  pass  between  the  tissue 

and  may  there  fonn  an  actual  network  by  joininjor  *^*ii^  with 

sad  beoomiog  fused  together  at  the  points  of  junction^  or  may 
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end  either  Bimply  or  with  small  knobbed  extremities  without  nnitii 
with  other  fibrik  into  a  nervous  network  ;  or,  a/^cording  to  the  Tiewl 
Bome  hifitologktfl,  may  pass  into  the  cells  of  the  tissue  and  thus  tcrmin 

A  *'  netTOTis  network  "  is  not  to  be  confoimcled  with  a  "  nenrons  plexM." 
the  former   an  actual  fusion  of   the  ultimate  fibrillie  wMch  residt  from 
diviirion  of  the  axis-cylindera  of  the  nerves  is  aesumed  to  take  phice,  wl 
in  the  latter,  although  there  may  appear  to  be  an  intimate  union  betwieen 
different  nerves  which  enter  into  the  plejras,  thk  union   does   not  extod 
the  ultimate  elements  of  the  nerve-fibre;    in  other  wordB,  although  Itliii 
parts  of  fibres  (fibrils)  may  be  given  and  received  by  the  several  nerves  to 
from  one  another,  these  fibres  (in  the  case  of  the  larger  pleznses)  or  fibrils  (in 
mioroflcopic  plexueea)  remain  completely  distinott  although  they  may  nm  in 
juxtaposition.   Nervous  plexuses  are  of  very  common  occurrence,  1>oth  those  of 
larger  sort  which  have  long-  been  recognized  by  anatomists,  and  the  smaller  mfciy^ 
scopic  plexuses  which  are  very  often  found  near  the  endings,  both  of  some  a  dIb- 
petally  conducting,  and  of  some  ceutrif ugally  conductinj^  nerves.    But  nervoti 
works  are  far  less  frequent  than  hua  been  supposedp  although  they  wert 
lately  described  as  a  mode  of  nerve-termination   not  by  any  means  rsrt. 
indeed  their  exiatence  is  now  doubted  altogether  by  some  histologists.    (Constaffl  i 
lVftIdryit\  Ue.  d.  EndigungsweisJe  der  sensiblen  Nerven  ;  Archiv  f.  mikz.  Ai.:**    i 
XVU.  a.  367.) 

Nerve -endings  in  tendon.— Special  modes  of  ending  of  sensory  nerves 
been  described  in  various  pc^ripheral  organs,  but  those  only  which  are  fouad 
the  tendons  of  muscles  will  here  he  noticed,  the  modes  of  termination  in  oM 
parts  being  deferred  until  the  several  organs  are  treated  of, 

^ost  of  the  nexve-endings  in  tendon  seem  referable  to  one  or  other  of  the  end' 
organs  which  have  just  been  described,  although  they  present  coimdendiJl 
modification  of  form.  Thus  in  many  tendons,  at  their  junction  with  the  mu*cl«, 
there  occur,  according  to  Golgi,  long  spindle-shaped  bodies,  oompoeed  ap^ 
pareatly  of  &  modified  (sonnective  tissue,  into  which  one  or  more  iaedixIUt«i 
fibres  pass,  and  after  dividing  ooc«  or  twice  diverge  towards  the  periphery  of  th* 
corpuscle,  where  they  end  as  pale  fibres  in  -small  granular  swellingis.  In  othtf 
tendons  end- bulbs  like  those  in  the  conjonctiv^a  are  found  (Sachfi),  and  small 
Pacinian  corpuscles  of  giraple  structure  occur  occasionally  in  the  areolar  tiasae 
sheaths  of  tendons  and  ligaments,  HoUett  describes  the  non-medullated  nerrts 
which  pass  to  the  tendon  of  the  stemo-radial  muscle  in  the  f  mg  as  endin;  in 
pecalLar  flattened  end-orgtuis  comparable  to  the  end-plates  of  muscle  presently 
to  be  described. 

Lastly,  some  observers  have  described  the  nerves  of  tendons  aa  ending,  in  part 
at  least,  in  the  form  of  ramifying  pencils  of  pale  fibres,  usually  varic<»e,  and 
terminating^  freely,  by  fine  tapering  extremities,  between  the  tendon  bundleSv  Thii 
is  simil&r  to  the  way  in  which  the  nerves  appear  to  end  in  the  subetamtia  pn'^pri* 
of  the  cornea,  which  is  also  a  form  of  fibrous  tissue  and  receives  a  huge  numl»ex  of 
nerve-fibres.  But  a  detailed  description  of  the  manner  in  which  the  nerves  of  th« 
cornea  are  distributed  will  be  more  conveniently  deferred  until  the  eye  is  treated  <!l 
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such  08  those   which 
nerves, 


TERMINATlOHa    OP 

In  the  invaliuitBury  miuieles  such  as  those  which  constitute  the 
museolar  layers  of  thi^  huilow  visLcra,  the  nerves,  which  are  for  the 
most  part  noE-mechillated  with  a  Bin  all  intermixture  of  wbit^ 
fibres,  form  coniplieatcd  plexnses  as  they  near  their  terminatiou. 
At  the  junctions  of  the  fine  nervous  cords  which  compose  the 
plexuses  ^oups  of  ganglion-cells  are  in  ninny  parte  met  with; 
a  well  known  example  of  such  a  ganglia  ted  j^lexus  being 
plext(8  mrjmterkm  of  Auerbaeh  between  the  longitudinal  and  circul 
lay  el's  of  the  muscnlar  coat  of  the  intestine.  From  these  gan  glial 
plexuses  branches  are  sent  off,  which  penetrate  between  the  element! 
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tlie  Bnrcolemma  (Kiihne,  n<^.  174,  s),  Ranvier  8tat<28,  hoTrever»  thati 
a  prolongation  of  the  micleated  sheath  of  Henle,  aiid  not  the  [  ' 
tive  sheath  which  is  conthuioiia  with  the  sarcolemiiiti.  The  « 
cyliiider  as  it  passes  into  the  fibre  forms  a  clear  localised  branched  I 
pansioii  {pjf),  which  lies  immediatelj  under  the  Biircolemma,  emb  " 
in  a  lujer  of  granulai*  matter  which  contains  a  number  of  kr^e  clear  i_ 
each  having  one  or  more  bright  nucleulL     The  fceroiination  of  tlie  i 

Fi»   175.  ^'^'  175.^TEBjaiyATioy  of  a  zisbvs  tx  1 1 

FifiRK     OF     THE      LI2AHD      (Looerta 
(Ranvien ),     Very  highly  magnified. 

/t,   outer  sh&ath  of    the   nerve-fibre  (d 
Henle,  According  to  Rangier) ;  A,  bifiircatioD^ 
fibre  ;  r,  uode  ;  w;,  short  segment  beyond 
r,    terininfll  ramiUcatJoriB  of  the  fyds-cyh 
nuclei  on  tbc  branches   of    the    ajiis-cyli 
nuclei  in  the  grunubr  substance  of  the  i 
The  grauuLir  buhstuuco  lies  in  the  iaterrftlst^ 
the  branches  of  the  axisHsylmder  ;  it  I&  not  I 
this  figure, 

cylinder  is  not  in  the  form  of  a  < 
ous  plate,  as  was  thouirht  by  Rou^ 
appears  when  viewed  from  the  snr 
the  form  of  an  arhort^&cent  fi^^ure  { 
the  branches  of  which  do  not,  accor 
Ranvier,  anastomose.    Attached  to 
branches  email   granular  nuclei  («) 
seen  at  intervals;  these  are   not  to 
confonnded  ^vith  the  clear  nuclei  of  1 
^annlar  substance  (n)^  nor  with 
flattened    nuclei   which   lie   inunedia 
under  the  sarcolemma  covering  the 
plati^  and  which   resemble  the  nuclei 
the  nerve-sheath.     The  garcolomnua  over  the  situation  of  the  ner 
cndinsf  is  slightly  raised  above  the  general  surface  (fig*  174  a), 
would  appear  that  a  muscular  fihre»  when  short,  has  but  one  termin 
structure,  and  receives  consequently  but  one  nerve-fibre.     As,  moreov 
the  fibres  of  a  nerve  nndcriro  division,   prol>ahIy   repeated  divisio 
before  en  thug,  it  follows  that  one  fil>rc  in  a  nerve-root  or  -trunk  ] 
8upi>ly  several  muscular  fibres.     Longer  muscnkir  fibres  have  two 
more  nerve- en  dings. 

In  amphiliia  {fi^,  176)  there  is  no  granular  substance  with  clear  ni: 
imbedded  in  it,  and  the  ramifications  of  the  axis-cylinder  are  extend 
over  a  larger  pro|Hirtionate  area  of  the  fibre  than  in  sc^^ly  reptiles,  bii 
and  mammals,  so  that  the  termination  of  the  nerve  is  less  localii 
The  branches  of  the  axis-cyhnder  run  for  a  short  distance  parallel  will 
the  axis  of  the  fibre  lietweeu  the  sareolemma  and  muscular  sabstana 
terminating  nbrnptly  by  rounded  extremities.     They  present  here 
there   slight  enlarge  me  iits,   connected  with  which  arc  seen,  as  in  tb 
end-plate  of  the  lizard^  granular  jTcnr- shaped  nuclei  (7/),  entirely  differeH 
in  appearance  from  the  proper  nucki  of  the  muscle  (p),     A  fine  toitno 
fibril  is  stated  by  Kiihne  to  be  given  of!'  from  the  pale  fibre  to  each 
these  granular  nuclei,  and  to  terminate  in  it  l>y  a  bulbous  enlargement 
It  would  appear  then  that  in  all  classes  of  vertebrates  the  uerve-libwir 
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It  has  been  flliown  by  Balfour  in  elasmobranch  fishes,  and   by  MOxLflB  1 
in  the  cbick,  and  the  same  is  probably  the  case  in  mammals,  that  the  ne 
their  ganglia,  and  in  all  probability  the  nerves  generall  y,  develope  oi  ( 
growths  fi*om  the  radimentary  central  neirons  eyfitem.     The  latter,  Ai  liit| 
been  known,  is  formed  by  an  involution  of  the  ectoderm  orepiblafft  along  the  b 
line  of  the  embrj'o.     So  that  not  only  the  nerve-cellB  and  -fibres  of  the  i 
nervone  system  (brain  and  spinal  cord),  but  also  the  peripheral  nerves,  and  lie  a 
cells  of  the  ganglia  in  connection  with  them^  are  of  ectoderiDal  origin*    2?od 
the  connective  tisfiue  which  enters  into  the  conetmction  of  the  nenre*  and  i 
centres,  as  well  as  the  blood-vedselia  which  are  di^k'ibiited  in  them,  aieme 
haying  become  formed  as  ingrowths  from  the  surronnding  mesoderm,  but  it  If  i 
uncertain  whether  this  statement  holds  good  with  regard  to  the  substance  (« 
Jm  of  Virchow,  reticulujn  of  Kolliker)  which  occnpies  the  interstices  betWMi| 
proper  nervous  elements  within  the  nerve-centres    For  according  to  Kuhnel 
Ewald  this  substance  exhibits  so  marked  a  resistance  to  the  action  of  1 
digestive  fluids  as  to  be  comparable  only  to  horay  subfitance,  and  it  ii  i 
ingly  terme<l  by  them  neuro -keratin.   And  since  homy  matter  is  not  found  * 
in  connection  with  epithelial  ti^uea^  it  is  inferred  by  them  that  the  neurchk 
must  be  developed  from  some  of  the  ecfcoderm-cellis  rather  than  from  the  i 
mesoderm.    However  this  may  be,  it  seems  at  least  to  be  definitely  4 
that  the  nerve-cells  in  the  nervous  centres  are  derived  from  the 
which »  undergoing   enlai-gement  and  modification^  both  in  their   embiti&Ml 
form,  send  out  branches  at  one  or  more  points  of  their  surface ^  and  aoqoili^ 
Epecilio  characters  of  nerve-cells. 

But  ivith  reference  to   the   formation  of   the  nerve-fibres,  both  witliiftl 
nervous  centres  and  in  the  peripheral  nerves,  the  knowledge  as  yet  acqii 
not  very  positive  or  consistent.    It  appears,  however,  to  be  certain  thil  1 
development  in  both  situations  proceeds  distalwards,  and  that  the 
fibres  are  originally  formed  as  pale  fibres,  and  only  later  acquire  theii  i 
eheath.    This  change  occurs,  not  Bimultaneouely  over  the  whole  ncnroiu  ( 
but  in  regular  order  along  definite  tracts,  and  the  knowledge  of  this,  ia  tlie  1 
of  Flechsig,  has  proved  an  important  means  of  tracing  the  course  of  \ 
strands  of  fibrci?  in  the  nervous  centres,  as  will  be  noticod  when  the  subjecii 
the  continuity  of  the  fibres  in  those  centres  is  dealt  with. 

Acoording  to  the  view  which  haa  genemlly  been    taken,  nerve-fibrei 
formed  by  the  linear  coalescence  of  elongat^jd  celle,  in  the  peripheral  parts  of  i 
protoplai^m  the  fatty  matter  of  the  meduHaiy  sheath  gradually  uccumulatciiaj 
first  in  the  form  of  fine  granules,  and  thus  transforms  the  originally  pale  i 
into  daik  borf^ered  fibres.    This  change  of  aspect  is  apparent  ia  many  ne 
the  human  embryo  of  the  fourth  or  fifth  month.  According  to  KoUiker's  i 
the  nerve-fibres  in  fche  tadpole's  tail  are  prolonged  by  lines  of  fusiform 
which  coalesce  into  pal©  fibres.    These  send  out  fine  offshoots,  which  may  j 
with  neighbouring  fibres,  or  with  branched  cells,  which  become  fibres,  and  in  1 
of  these  ways  the  growth  and  bninohing  of  the  nerves  go  on.     The  firgt  i 
thus  generated  (embr^'onic  fibres)  virtually  represent  bundles  of  two,  three,  i 
more  permanent  fibres,  into  which  they  are  spcedOy  converted  by  cleavage  ;  whiS* 
the  fonnation  of  the  medullary  sheath  proceeds  outwards  along  the  bx&nobca. 

But  if,  as  seems  to  be  the  case,  when  a  nerve  has  been  out  and  ham  andtf^ 
gone  degeneration,  the  axis-cylinders  are  reproduced  along  the  whole  length  «l 
the  distal  part  by  a  downgrowth  from  the  axis* cylinders  of  the  central  cut  end, 
it  is  probable  that  a  similar  mode  of  formation  of  the  nerves  may  oocnr  odg^ 
aUy,  and  that  the  axis-cyliuder  is  to  be  regarded  as  a  oontinuoua  ontfTOirlll 
from  one  of  the  nerve -cells  of  the  nervous  centre.  With  the  medullary  slicati^ 
however,  the  case  may  be  di^erent.  For  this,  as  we  have  seen,  ts  divided  at  r^gnln 
intervals  into  a  series  of  intemodes,  each  of  which  possc^es  a  nuclena,  and  intj 
therefore,  as  Eanvier  i)omted  out,  be  looked  upon  as  representing  «  oeU,  the  pir 
mitive  eheath  being  homologous  to  the  cell-membrane.  It  is  not  impnibaU«. 
therefore,  that  each  imch  intemode  is  actually  foimed   from  an  elongalii 
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drreioped  wnoimd  a  pirerionslj  fonncMl  axial  fibre,  and  filled  with  the 
matter  of  the  medullary  sheath  in  the  ftame  way  aa  the  connective  tis<<uc- 
become  filled  with  fiit  in  the  development  of  the  iwiipose  tissue.  In 
of  this  Tiew  it  may  be  noted  that  in  j^onng^  nei-ves  the  segments  are 
tbaa  in  the  adult,  and  there  is  a  layer  of  homogeneoat  or  finely  granular 
tafadFtaoioe  outside  the  medullary  sheath,  Ix^tween  it  and  the  primi' 
as  the  nerves  increase  in  size  this  layer,  being-  more  and  more 
upon  by  fatty  smbstance*  eventually  disappears,  except  in  the  immtHliate 
llljoarhood  of  the  nuclei.  In  the  brain  and  spinal  cord  at  an  early  period  of 
lopment  flattened  oells  are  said  by  Hanvier  to  be  applied  to  the  mednUated 
bat  theyiabaequeiitlj  disappear  or  become  incorporated  with  the  interstitial 
of  tho«e  orgaiUL 

fact  that  the  nerve-segments  of  the  peripheral  nervesi  are  considerably 
in  the  young  animal,  points  to  the  e^tence  of  an  inter^itial  as  well  as  a 
growth  of  nerve-fibres. 

,tion  and  regeneratioa  of  nerv«a. — The  divided  ends  of   a  nerve 

cut  acroas  readily  reunite  by  cicatricial  tissue,  bat  the  cut  ends 

tiiem^elves  do  not  thuB  nnite.     Qn  the  contrary,  soon  after  the 

a  ptDoe^  of  degeneratir^n  begins  in  the  peripheral  or  severed  poilion  of 

The  nuclei  become  mnltipUetl,  and  the  protoplaem  about  them  largely 

in  amount,  the  segments  taking  on  to  Pome  extent  their  embryonic 

At  the  same  time  the  medulla  of  the  white  fibres  degenerates  into  a 

mass  consisting  of  fatty  molecalcsi,  and  is  then  totally  removed,  and 

if  the  axial  fibre  also  disappears  (fig.  177.  A,  B,  k  0). 

regeneration  the  new  fibres  grow  afresh  from  the  axial  fibres  of  the  central 

of  tbe  divided  nerve-trunk  (often  more  than   one  from  each) ;  and,  pene- 

iato  the  peripheral  end  of  the  trunk,  ^row  along  thi^  as  the  axis-cylinders 

Mnr  nenreii  becoming  after  a  time  surrounded  with  medullary  substance 

bdef  summary  the  following  details  may  be  arlded : — In  warm-blooded 
fiittt  changes  in  the  peripheral  part  of  the  nerve  are  seen  twenty -four 
section.  The  nuclei  underneath  the  primitive  slieath  are  everywhere 
iphicd,  the  primitive  sheath  is  distinctly  visible,  and  protoplai»m  is 
mve  accumulated  at  the  expense  of  the  medullary  nheath,  both  in  the 
ndghbourhood  of  the  nuclei,  at  the  nodes,  and  also  at  other  x>oints  in 
which  correspond,  according  to  Eauvier,  with  the  intervals  between  the 
eegmenta.    Fifty  hours  after  the  section  in  the  rabbit  (but  not  till  four 
in  the  dog)  the  protoplxismic  aggregation*  are  found  here  and  there  altogether 
iiiterrapt  the  continuity  of  the  medullary  sheath,  and  they  contain  numerous 
granule?,  and  sometimes  droplets  of  myelin  (fig.  177,  A).    About  the  fourth 
lie  nuclei  are  seen  to  be  multiplied,  but  not  to  any  great  extent  (Cj  ;  and 
the  myelin  after  four  or  five  days  is  broken  up  into  drops,  some 
cmaUcr.     The   axis-cylinder  is   also  found   to  be  interrupted  at 
places,  and  remains  only  in  the  shape  of  short  fibres,  often  curled 
broken  ends,  enclosed  in  the  large  drops  of  myelin  (B).   Eventually 
also  may  disafijiear.    The  myelin  at  length  becomes  almo^^t  entirely 
1  nothing  lemaiuB  of  it  except  a  few  isolated  drops,  which  escape 
,  and  all  that  then  remain?  of  the  original  fibre  is  the  primitive  sheath, 
upidi  by  a  protoplasmic  mass  containing  an  increased  number  of 
Ing   the   disapi^eamnce  of  the  myelin  from    the  nerve-fibres   the 
of  the  connectivo  ti«9ue  in  the  neighbourhood  of  the  fibres  l>ccome  charged 
l|tty  granolea,  which  may  have  become  formed  from  the  dissolved  fatty 
of  the  medullary  sheath. 
deg««i«ntivu  chajiges  seem  to  occur  simultaneously  aloog  the  whole 
the  nerre.    In  the  nerves  to  voluntary  muscles  the  end-plate  is  said, 
to  be  tlie  part  first  affected. 

immediate  neighbourhood  of  the  section  the  appearances  are  somewhat 

bj  the  escaiie  of  the  myelin  from  the  cut  ends  of  the  nerve-fibre,  and  the 

of  blood  and  lymph  into  the  interior  of  the  ends  thus  emptied  of  their 

ThiJ  change  must  of  course  occur  both  in  tbe  central  stump  of  the 

well  AS  in  the  peripheral  cut  end  :  it  does  not  often  extend  beyond  the 
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first  node.  Apart  from  pnch  traumatic  modification,  true  degenerative 
not  according"  to  RaiivitT  occtir  in  the  t  nd  of  the  nerve  which  is  still  in 
with  the  centre,  althoiigli  proliferation  of  tko  nueleu;a  in  the  first  and  second  I 

Fig.  177. 


It ^ 
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Fig.  177. — DiaiMERlTlOX  AKD  RKOKNERATIOIT  of  KlItYl-ntllKS  IK  7BX  RABBIT  ( 

A,  Part  of  a  nerve-fibre  in  whifh  degenenition  is  commencing  in  eo»aequeno<^  of  I 
<50   houra   jireviou^ly)  of   the   trunk   of   tlio  nerve  higher  up  ;  mtf,  meduUvy  I 
becoming  Virekcn  up  into  drofjis*  of  iwyelin  ;  p,  gmnular  j:rotoplasmic  snbstance  »fcfl 
repUuing  the  mjehn  ;  ?»,  nnL-leus,  not  yet  multiplirfl ;  ^^7,  primitive  sheath,     ll,  i 
licrve-fihro  in  which   degenenition  is  ]irocecding,   the  nerve  ha\nng  Ijeen  cut  four  i 
prerioasly.     This  jipecmen  i;^  diflferently  pre]jareil  from  the  otliera,  ho  as  to  exhibit  I 
axis-cylinder  (rv)  also  partly  hr<»ken  np  into  iK>rtion8  of  different  length,  enelcNieil  ti  t 
royeHn,  mtf.     C,  more  advanced  stage  of  dcgenerntjon,  the  mcduJlary  sheath  hATVBC| 
great  measure  dtaappenred,  while  several  nnclci  {n**,  n")  have  been  forroed  by  divkHi 
the  single    nudeuij   of   the    intemode.     D,  commencing   regcncnition  of 
iSevenvl  »mall  Eerve-fibrcs  {(',  t")  h^ve  sprouted  out  from  tho  enlarged  cut  end  (5)  d  I 
nerve-fibre  (0  ;  a,  an  axiH-cylmder,  which  has  not  yet  acquired  a  medullary  t' 
ff  t\  primitive  nJieath. 

nodes  near  the  cnt  may  take  placse.  The  central  cut  end  of  the  axift-cjlinderdoMl 
become  altered  ;  except  that  it  undergne«  a  slight  swellings  preparatory  in  bU | 
bobilitj  to  the  renewed  growth  by  which  tlie  regeneration  of  the  fibre  is  i 

B^eneration  proceeds  bnt  slowly.  Vp  to  the  twenty-eighth  day  after  tit 
section,  or  even  later  than  this,  there  is  still  no  trace  of  new  Derre^fibfetf  ia  IkB 
periphend  part  of  tho  nerve.  With  the  exception  of  a  few  fibres  which  forMBB 
reason  not  well  understood  (probably  becan.oe  they  are  derived  from  fome  oHv 
nerve  which  has  not  been  cut,  and  are  nierdy  t-aking  a  recurrent  coarse  is  tfci 
cnt  nerve),  have  not  undergone  degeneration,  nothing  is  to  be  seen  in  a  iJectJOB 
of  the  nerve  at  this  period^  except  the  primitive  sheathfl  of  the  old  fibre»,  fil3ad 
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dear  or  finely  giBnnlar  sabetanoe;.     If,  however,  a  tmnaTerse  section  be 

flf  a  norve  considerablj  later  than  this  (sixty  or  seventy  days  afteor  the 

section)  it  \s  found  that  within  the  tubed  formed  by  the  old  primitive 

and  also  in  ecune  places  between  them,  small  smgle  fibres  or  groups  of 

d^ier  iMle  or  provided  with  a  mMull&ry  Bhcath,  are  to  be  aeen,  besides 

tliere  those  drops  of  myelin  which  have  remained  onabeorbed  from  the 

dieatlis  of  the  original  fibres.    On  cuttmg  out  the  central  end  of  the 

togctiber  with  the  cicatrix,  and  fieparating  its  fibres,  it  is  «een  that  the 

of  onall  fibres  noticed  in  the  transverse  section  are  eon  tin  nous  with  tlie 

e&da  of  the  axis-cylinders  of  the  original  nerve  (fig.  177 ,  D).    Either  a 

of  small  fibres  may  grow  directly  from  the  axis-cylinder  of  one  fibre,  or 

oxHj  may  emerge  from  this  ;  but  thefie  soon  bifurcate  ^  and,  repeating  this 

PK  again  and  again »  maj  erenttiaUy  form  a  considerable  group.    It  would 

mr  therefore  that  the  regeneratloii  of  a  cut  nerve  is  effected  by  a  growth  of 

fifarea  from  the  axis-cylinders  of  the  central  cat  end^  and  that  many  more 

fifazes  toe  formed  in  the  first  inBtance  than  the  old  ones  which  have  under- 

1 4cg^e9C9stion.    The  growth  from  the  old  axis- cylinders  always  occurs  in  the 

tkm  of  a  node — either  the  one  nearer  to  the  section  or  one  somewhat  higher 

Tlie  new  fibres  are  at  first  pale  but  subsequently  acquire  a  medullary  sheath, 

constrictions  of  Hanvier,  which,  as  in  young  nerves,  are  placed  at  much  more 

intervali  tJian  in  the  old  fibres,  so  that  the  intervals  are  much  s^horter. 

groups  of  fibi«s  which  grow  thua  in  groups  from  the  old  axis-cyEnders  are 

very  irregular  in  their  covlt^,  twii*tiiig  around  one  another,  and  even  loop- 

ick  in  some  places  for  a  considerable  clistancc.     In  the  cicatrix  especially  is 

and  obliquity  of  disposition  noticeable,  probably  on  account  of 

here  of  the  guide  formed  by  the  sheaths  of  the  original  fibres. 

of  function  in  the  nerve  does  not  occur  for  several  months,  during 

time  it  may  be  presumed  the  new  nerve-fihres  are  slowly  finding  their  way 

Uie  oooi^e  of  those  which  have  been  destroyed  as  a  result  of  the  section. 

rmmcxous  fibres  in  the  groups  abore  described,  no  doubt  a  few  only  even- 

mmut  the  function  of  the  fibres  which  they  replace,  but  the  later  steps 

of  regeneration  have  not  yet  been  fully  folio  wetl  out. 

the  actual  place   of  section  the  connective-tissue  sheaths  of  the 

I  unaltered.    In  the  cicatrix  the  new  nerve-fibres  do  not  at  first  run 

sheaths,  but  these  become  subsequently  developed  from  the  connt^cti^'e- 

so  Umt  at  length  the  restoration  of  continuity  of  all  the  stmcturea 

beoomea  Gompldie. 

looks  upon  the  regeneration  of  a  nerve  by  growth  from  the  intact 

ends  of  the  fibres  as  illustrating  the  tendency  which^  he  believes,  all  nerve 

lit,  to  grow  continuously  until  a  hindrance  is  met  with,  and  he  com- 

nenlt  of  cutting  a  nerve- fibre  in  causing  the  growth  of  a  number  of 

In  place  of  the  original  one,  to  that  produced  when  the  leading  shoot 

it  is  removed,  in  causing  the  production  of  a  numl>er  of  lateral  buds. 

khave  thought  that  under  favourable  circumstances  an  immediate  union 

the  ends  of  tiie  nerve-fibres  may  happen  after  section  ;  bat  considering 

►  tmpoarifaili^  of  procuring  exact  apposition  of  the  individual  fibres,  end  to  end^ 

I  as  the  inevitable   extension    of  the  effects  of  the    mechanical  injury 

1;^  the  section  along  the  soft  contents  of  the  primitive  sheath,  it  seems 

that  such  direct  union  should  occur. 

does  not  affect,  aa  we  have  seen,  the  part  of  the  nerve  remain* 
Gcmnection  with  the  nervous  centre,  which  seems  to  exert  an  infiuence  in 
ining  the  nutrition  of  the  nerve*  The  ganglia^  as  well  as  the  grey  matter 
and  spinal  cord,  are  centres  of  this  influence.  It  is  found  that,  in  the 
ion  of  a  divided  spinal  nerve,  while  the  fibres  beloDging  to  the  anterior 
tli«ir  integril^  to  their  connection  with  the  spinal  cord  (and  especially 
ide  larg^  cells  of  the  anterior  comu),  those  of  the  poNterior  root  are  dmilarly 
^eodeat  on  the  ganglion  ;  and  that,  if  the  posterior  root  be  cut  between  the 
gallon  and  the  spinal  cord,  not  only  will  the  fibres  which  jmrn  from  it  into 
^  tnink  of  the  nerve  beyond  the  ganglion  remain  unchanged,  but  also  those 
Ire  the  ganglion,  in  the  portion  of  the  root  left  in  coiiriection  with  it ;  whercais 
of  Uie  aame  root  which  remain  connected  with  the  coM  but  i 
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from  the  ganglion  degenerate.  Secftion  of  the  spnpatlietic  nerre  in  tiiei 
followed  by  degeneration  of  the  upper  segment  as  higli  zlb  the  iuperior  c 
ganglion,  but  no  further. 

The  degeneration  of  the  peripheral  end  of  a  cut  nerre  and  the  breaking  i 
tbe  scub^stauce  of  the  medullary  sheath  wgt6  first  noticed  by  Nasse  in  18381 1 
the  discovery  by  Augustus  Waller  in  1852  of  the  dependence  of  the  prooosl 
isolation  of  the  nerve-fibre  fiom  its  nutritive  centre,  and  his  nppljcatioii  <rf J 
discovery  to  the  trncing'  the  coui-ee  of  nerve-fibres  in  peripheral  parta  (now  I 
ae  the  WaUerian  methnd)  first  gave  fidl  interest  and  impoiiance  to  the  i 
tion  of  Nasee.    The  resnit  haa  been  the  appearance  of  aomeroiis  writtOf$  I 
the  subject,  the  latent  being  those  of  Ronvier,  whose  account  has  been  c 
followed  in  the  tejtt.* 

Be  cent  Literature  of  the  Kervous  Tiaaues.-— On  the  Stmcturo  of  Kcn-ci* 
FiQintimnn^  in  Virtb,  Arcls.  1S64  &  1865  ;  i/ra/r,  in  Arch*  of  Medicine,  IStiS 
Ue.Oeliiru  u.   Kw^ketiDiurk,   1865 1    Comiolsicr^  ia  Arch.  f.  mikr.  Anat.  U*, 
Kidhmnn  u.  Aruftan,  in  Zeitmhr.  f.  BioL  II. .  1866  ;  M.  Sckultie,  Ob^ei 
Bonn,  1868  ;  Babitch f\  in  Mt(\.  CcatralbL,  186S  ;  S.  Maffcr^  Ban  d,  aympath.  N< 
Wiener  Sitiungsb.^  1878;  J?a«inrt%  in  Arch,   de  pbyBioI.T  1872;  Tubes  neme 
Compt.rend.  LXXI.  ;  and  Le^'onasiirrhist.  daiystooienerv.,  1878  ;  Gcrlach^  Su 
grancu  Subfttunz,  Med,  Centndbl,  1672  ;  Lantennannt  ia  Med.  Centnilbl.  l! 
Arcb*  f,  niikr.  Anat.  Xil.^  1S7C-  Bod,  Emt,  d.  nerv.  C<?atrnkrg.,  Arch*  f.  F 
MfCartht/^  On  Epinal  ganglia  and  ntjnc- fibres^   Qu.  J.  of  Micr.  Sck,   1876; 
Jidztui,  Stodica  in  d.  AuaL  d.  Kcnt-nsyat-i  Jtc,   1876;  1/.  Z>.  Schmidt,  in 
Microsc.  Journal,  XI.;  iLuhnt,  in  Arch.  f.  mikr.  Anat,  XIlLj  ]S7G  ;  EwaJdu.  Ki 
Ue.  einem  ncnea  Bcstandib.  d,  Nerrensyst,  HeiJelb.  YeiliaudJ.,  L  1877  ;  if«^. 
HeiddbeigUnters,,  IL,  1878  ;  Frendy  Ue.  Spinalga.ngl.  d.  Petroniinon,  Wiener  Sit 
1878;  //.   Sehullze,   in   Arcb.   f.  Anat.   (u.  Phys.),    1S7S ;  Jlejtsf,   in  Arch. 
<u.  Pbys.),  1878;  AV/i,  Dissert.,  Erhngen,  187&;  G.  RHziits,  On  ner\'o-celU 
ganglia,  in  Nord.  mcd.  Ark.,  1880;  limcitz^  Ban  dcr  Spiaidganglien,  Arch.  f.  mikr.* 
ISSO;  and  die  Eanyicr'sche  Eiascbnuningcn,  &c.,  Arch.  f.   Anat,   (u.   Ph7a.V 
Strifkyr  «.   Fn^rr,  in  Wiener  Sitzuugsb.,   1879  ;  Enffdmann^  Diac^ontintiitat 
cylindere,  PJhigcr's  Arch.  XXIL,  ISSO;  PeHick,  in  Arch.  f.  mikr.Anat..  1880. 

On  Development  of  Nerves, — Men*ent  in  Virch.  Areb.,  XXX.  k  XXXL, 
Arch,  t  taikr.  Anat.  IV.,  1S«8  ;  Eharth,  in  Arcli.  f.  mikr.  Anat.,  11.,  1866; 
Comptea  rendna,  LXXIX,,  1873  ;  Fkcftsi^,  Die  Leitungsbedmcn  im  Gehini  i 
mark  J  1876  ;  L€b*jucq,  ia  iJalL  d.  racad,  de  Belgi<iue,  1876. 

On    Degcoeratiou  aod  Regeneration  of  Nerves,  ^ — Lara^n^    in   J.    de 
J^.  ymmfinn,  in  Arch.  d.  Ueilkunde,  IX.  ;  and  Arch.  1  mikr.  ^Vnat.«  XVUL, 
Mer:,  in  Vircb,  An?hiv,  XLTL.  1S6&  ;   fF,  Kraute,  in  Arch.  f.  Anat.,  1S70  j  £f 
in  Pfl.  Arch.j  XIIL,  1S76;  Fantio',  L*9oqSj  1878  ;  and  in  Compt.  rend., 
1873^  ;  *?.  Mnytr,  in  Wiener  Sit lungsb.,  1S78 ;  Rumpf^  ia  Heidelb.  Unters., 

On  the  Eadiags  of  Mptor  Kcr?c8.^i?f:n/f/ff,  in  Compt€s  renduis,  LV.,  1862; 
1864  ;  W,  Kraiue^  several  papers  in  (l^ktinger  Nacbr. ,  Zeitsclir.  f.  rat.  Med., and  i 
Anat.  ;  and  ** Motor,  Endplatten,"  1S69  ;  Kiiftnr^  Penph.  Endoig.  d.  motor.  K< 
1862  J  various  popeiB  ia  Yirth.  Areb.  ;  and  article  in  Strieker**  Handb. ,  1871  ;  IVaWI^' 
in  Med.  Centmlbb,  1863;  C(^nhem,  in  Vireh.  Arch.,  XXXIV.,  1865;  /.  Gtrltd, 
Yerhiilta.  d.  Nerven,  &c.,  LeJi-rig,  1874;  Fnnmef^  in  Lemons.  Ac,  1878;  SdkwJk^ 
Qemiz  dea  Miiaktl-nen-enciatritta,  Arch.  f.  Anat.  (u.  Phys,),  1S7JV. 

Nurrea  of  Non*striated  ilasclc. — Klrbs,  in  Med.  Centralbl.^  1863,  and  Virch. 
XXXir»  1804;  Frank^nlimi9€n,  in  Med.  Centralbl.,  18^6;  Tdot^chinojf,  in  1 
mikr,  Anat  V.,  1869;  Arnoldt  article  **  Organ,  Muskeln,"  In  Strieker  a  Handb.,  IJ 
Liiwitf  in  Wiener  SitmngRb,,  1875. 

A  complete  list  of  bookB  and  papers  treating  of  the  peripheral  distribation  and 
termination  of  sensory  ncrres  will  be  fnund  in  the  work  by  Merkel  **  Ucber  dm  ^ 
iiST  se&Biblcn  Ncn-en » kc. , "  Eostock,  1880.  To  th<]  list  there  given  may  be  ndiied — £fm0t 
in  Arch.  1  mikr.  Anat  XIX, ,1880,  Fiemminf^m  Mune  jonroal;  JZeumffr,  in  Qti.  J.  IGcr.Sd* 
1880  (nerves  in  epidermis) ;  and  KtHn  In  same  JOTur&al  (nerres  of  cornea).  The  foU««ii| 
treat  of  the  nervc^codinga  ia  tendon  :— (7.  SaeAi,  in  Ansh.  f.  Anat,  IS75  ;  i2dUlf<I,iA 
Wicn«r  Sitzungsb.,  1876  ;  Golgi,  in  Atti,  d,  soc,  di  icienw  nat  *  Milano,  KXL»  MTIl 


•  According  to  S,  Mayer,  degeneration  of  neire-fibres,  followe<l  by  their 
is  constat) tly  found  to  occur  as  a  normal  process,  without  artifici^  severance  fwm 
nntdtiyo  centre.     Mayer  conceives  that  in  this  way  the  nerre-fibFea  thnrnghout  the  te4| 
Ate  ooDtinuAUy  being  renewed. 
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The  blood,  from  which  the  solid  textures  immediately  derive  material 

f  their  nourishment,  is  conveyed  through  the  body  by  branched  tubes 

ned  blood-vessels.    It  is  driven  along  these  channels  bv  the  action 

the  heart,  which  is  a  hollow  muscular  organ  placed  in  the  centre  of 

I  sanguiferous  system.    One  set  of  vessels,  named  arteries,  conducts 

h  blood  out  from  the  heart  and  distributes  it  to  the  different  regions 

\  the  body,  whilst  other  vessels  named  veins  bring  it  back  to  the  heart 

in.    From  the  extreme  branches  of  the  arteries  the  blood  gets  into 

commencing  branches  of  the  veins  or  revehent  vessels,  by  passing 

:h  a  set  of  very  fine  tubes  which  connect  the  two,  and  which, 

_  i  not  abruptly  or  very  definitely  marked  off  from  either,  are 

fciOTlly  spoken  off  as  an  intermediate  set  of  vessels,  and  by  reason  of 

ior  gnmllness  are  called  the  capillary  {i.e.,  hair-like)  vessels,  or,  simply, 

ie  capillaries. 


ABTIBBIES. 

These  vessels  were  originally  supposed  to  contain  air.    This  error, 

hidi  had  long  prevailed  in  the  schools  of  medicine,  was  refuted  by 

den,  who  showed  that  the  vessels  called  arteries,  though  for  the 

mi  part  found  empty  after  death,  really  contain  blood  in  the  living 

Oj. 

Mod/B  of  Ditfiributioii. — The  arteries    usually  occupy    protected 

afttions ;  thus,  after  coming  out  of  the  great  visceral  cavities  of  the 

dy,  they  run  along  the  limbs  on  the  aspect  of  flexion,  and  not 

on  that  of  extension  where  they  would  be  more  exposed  to  accidental 

my. 

&B  they  proceed  in  their  course  the  arteries  divide  into  branches,  and 

» division  may  take  place  in  different  modes.    An  artery  may  at  once 

ohre  itaelf  into  two  or  more  branches,  no  one  of  which  greatly  exceeds 

)  test  in  magnitude,  or  it  may  give  off  several  branches  in  succes- 

a  and  BtiU  maintain  its  character  as  a  trunk.    The  branches  come 

at  different  angles,  most  commonly  so  as  to  form  an  acute  angle 
h  the  further  part  of  the  trunk,  but  sometimes  a  right  or  an  obtuse 
^  of  which  there  are  examples  in  the  origin  of  the  intercostal 
eries. 

An  artery,  after  a  branch  has  gone  off  fix)m  it,  is  smaller  than  before, 
i  nsoally  continues  uniform  in  diameter  or  cylindrical  until  the  next 
ieflsion ;  thus  it  was  found  by  Hunter  that  the  long  carotid  artery  of 
i  camel  does  not  diminish  in  calibre  throughout  its  length.  A  branch 
an  artery  is  less  than  the  trunk  from  wUch  it  springs,  but  the  com- 
led  area  or  collective  capacity  of  all  the  branches  into  which  an  artery 
ddes,  is  greater  than  the  calibre  of  the  parent  vessel  immediately  above 
J  point  of  divisiqn.  The  increase  in  the  joint  capacity  of  the  branches 
ar  that  of  the  trunk  is  not  in  the  same  proportion  in  every  instance 

division,  and  there  is  at  least  one  case  known  in  which  there 
no  enlargement,  namely,  the  division  of  the  aorta  into  the  common 
ic  and  saCTal  arteries ;  still,  notwithstanding  this  and  other  possible 
septions,  it  must  be  admitted  as  a  general  rule  that  an  enla^ment 
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of  area  takes  place.    From  this  it  is  plain  that,  since  the  area  of 
arteria!  system   increases    as  its  vessels   divide,  the   capacity  of 
gmallcst  vessels  and  capillaries  wiU  be  pjeatest ;  and,  as  the  same 
applies  to  the  veins,  it,  follows  that  the  arterial  and  venous 
may  be  represented,  as  regards  capacity >  by  two  cones  whofle 
(truncated  it  is  true)  are  at  the  heart,  and  whose  bases  are  united  in 
capillary  system.     The  effect  of  this  must  be  to  make  the  blo«xl 
more  slowly  as  it  advances  along  the  arteries  to  the  capilla.riefi,  like 
current  of  a  river  wlien  it  tlows  in  a  wider  and  deeper  channel  aad 
accelerate  its  speed  as  it  returns  from  the  capillaries  to  the  vei 
trunks, 

Wlien  arteries  unite  they  are   said  to    anastomose    or    in' 
Anastomoses  may  occur  in  tolerably  large  arteries,  as  those  of  thi?  h 
the  hand  and  foot,  and  the  mesentery,  but  they  arc  much  more  fn 
in  the  snialler  ixBsels,     Sach  inosculations  admit  of  a  fitie  cominjii- 
cation  bttwecn  the  currents  of  blood,  and    must    tend    to    proi 
equability  of  distribution  and  of  pressure,  and  to  obviate  the  effecte 
local  inteiTuption. 

Arteries  commonly  pursue  a  tolerably  straight  course,  but  in 
parts  they  are  tortuous.  Examples  of  this  in  the  human  !K>dy 
aflbrded  by  tlie  arteries  of  the  liijs  and  of  the  uterus,  but  more  si 
instanccH  may  be  seen  in  some  of  the  lower  animals,  as  in  the 
kno\ni  case  of  the  long  and  tortuous  spermatic  arteries  of  the  rara 
the  bull.  In  very  mo vi able  parts  hke  the  lips,  this  tortuosity 
allow  the  vessel  to  follow  their  motions  without  undue  stretchinj 
in  other  cases  its  purpose  is  not  clear.  The  physical  L-ffect  of 
condition  of  tlie  vessel  on  the  blood  flowing  along  it  must  !>e  to  redact 
tlie  velocitv,  by  increasing  the  extent  of  surface  over  which  the  Uoad 
moves,  and  consequently  the  amount  of  impediment  from  frictiaa 
still  it  does  not  satisfactorily  appear  why  such  an  end  should  ' 
provided  for  in  the  several  cases  in  which  arteries  are  known  to  fol 
a  tortuous  course.  The  same  remark  applies  to  the  peculiar  arrai  _ 
ment  of  vessels  named  a  "retc  mutibilc,"  where  an  artery  suddeolj 
divides  into  small  anastomosing  branches,  which  in  many  cases  tmitl 
again  to  re-constroct  and  continue  the  trunk.  Of  such  reiia  ftttrabihi 
there  are  many  examples  in  the  lower  animals,  but,  as  already  remarked 
the  pinposc  which  they  serve  is  not  apparent.  The  best  known  instanct 
is  that  named  the  rek  mirabik  of  Gakn,  whicli  is  formed  by  the  iatn- 
crimia!  part  of  the  internal  carotid  aiieiy  of  the  sheep  and  several  other 
quadrupeds. 

Arteries  possess  considerable  strength  and  a  very  hig!i  degn^  of 
elasticity,  being  extensible  and  retractile  both  in  their  length  and  their 
width.  \Micn  cut  across  they  present,  dthougli  empty,  an  open  orifice ; 
the  veins,  on  the  other  hand,  collapse,  unless  when  prevented  by  connec- 
tion with  surrounding  rigid  parts, 

Stoictitre,^In  most  parts  of  the  body  the  arteries  ai-e  inclosed  ia 
a  sheath  formed  of  connective  tissue,  and  their  outer  coat  is  connected 
to  the  sheath  by  filaments  of  tlie  same  tisatie,  but  so  loosely  that,  when 
the  vessel  is  cut  across,  its  cuds  readily  shrink  some  way  within  the 
sheath,  8<jme  arteries  want  slieaths,  as  those  for  example  which  a« 
situated  within  the  cavity  of  the  cranium. 

Indc|iendently  of  this  sheath,  arteries  (except  thoee  of  mlnnte  sim 
whose  structore  w^iU  be  afterwards  noticed  wim  that  of  the  capillariet) 
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kTC  bt^n  osoallj  described  as  fonucd  of  tlirce  coats,  named,  from  their 
position,  internal,  middle,  and  external  (fi^^  178,  in  Beetion)  ; 
-  this  nomenclatiii'e  is  genenilly  i'ullowed  in  luedicd  and  siirgictil 

Fig.  irs. 


:  ITS. — Tejlx^yexlsk  bkciioh  ^t   ia,.;  .  i    ..^  wall  of  the  postkriok  TiQiAti 

AJtTKUY   (mjLK).       75   DUHKTKRS.      (KA.S.) 

m^  Epiihidul  and  inhexnthetUl  layers  of  inner  coat ;  h^  clastic  layer  {fenestrated  nicm* 

c)  ol  inner  ooat,  ap{>earing  ns  a  tpiight  line  iu  8ek:ti<f>ii  i  r,  jnuscular  layer  (middlQ 

i)  ;  if,  outer  coat,  consiHting  uf  coancctive  tissue  bandies.      Iu  ttic  int€r»tices  of  the 

%uaUesa7«  some  connective  tissqe  nuclei,  and,  especi^y  near  the  m oscular  c<>at,  a  number 

I dastic  fibres  cut  hctobe. 


I 


L  also  con'etrtly  applies  to  the  etrtictiire  of  arteries  so  far  as  it  is 
I  "by  the  naked  eye,  it  seems  best  to  adhcie  to  it  as  the  basis  of 
Tptiun  ;  although  it  will  be  seen,  as  wl-  ]>r<X"eed,  that  some  of 
tbese  coats  are  found  on  microseopic  examination  really  to  consist  of  two 
ormofe  strata  ditterintj  from  eac-h  other  in  texture,  and  therefore  reckoned 
as  BO  many  distinct  coats  by  some  authorities. 

Iitteriial  coat  (Ti/nka  udima)  (fi^.   178,  ff,  h).  Fig,  170. 

This  may  Ije  raised  from  the  inner  surface  of  the 
uteris  as  a  fine  transparent  colom-less  membrane, 
elastic  hot  very  eajsLlv  broken,  e^'cially  in  the  cir- 
cnlar  or  transrerae  dh-ectioii,  so  tliat  it  cannot  Ite 
gdipped  off  in  lai^e  pieces.  It  is  very  commonly  cor- 
rugated with  fine  and  close  lotigitudintil  wrinkles, 

F%i    17S>. BFlTOTLlAt.   1.ATEH   tUHNO  THE   fOSTURIOR  TIBIAL 

UtfEftT  OF  MAX.       250    tJUMETItlkS,       (E.A.S.) 

Nitrate  of  aihcr  iireparalion. 


Gsnsed  most  probably  by  a  contracted  state  of  the 
artery  after  death.  Hiicb  is  the  appearance  presented 
by  the  internal  coat  to  the  naked  eye,  but  by  the  aid 
of  the  microscope,  it  is  found  to  consist  of  three 

»     Afferent  structures,  namely  :  — 
1.  An  epifhflial  Utijer  (fig.  178,  flf,  aud  fig.  171>) 
forming  the  innermost  part  or  lining.     This  is  a  sim- 
ple layer  of  thin  elliptical  or  irregularly  polygonal 
cells,  which  are  ofleu  lengthened  into  a  lanceolate 
shape.     The  cells  have  round  or  oval  nuclei,  with  nucleoli 
■     lines  arc  often  indistinct  in  the  fresh  state,  but  may  be  brought   into 
[    view  by  means  of  mtrate  of  silver. 

H . ^^ 


their  out^ 
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2»  A  mhepUMIml  layer  {striated  layer  of  Kollikcr).    Tliis  is  comp 
of  a  finely  fibrillatetl  connective  tissue  with  a  nmntier  of  liranchd 
poficleE  lying  in  the  cell-spaces  of  tlie  tissue  (fig.  180),    Vm  1 

13  most    developed  in 
Fig.  130.  liirgtLT  M'tcries  :  it  cxisteh 

ever  in    the    mediann 

Fig.    ISO.— CtiL'BPicti  01  \ 

EriTHZI.Ul     LATER    i»r 

(po£TE&ioii  tibial).    2S0 

TKE8.      (K,A.80 

The  ground  substance  U  i 
hy  nitrate  of  itilver,   luid  1' 
Eijocefi  of  tho  tivsvie  are  thmii 
maaifeBt  aa  whit^  patches,  tk  c*  ] 
toined  cells  not  being  « 

ones.    In  the  aorta  it  is  very  well  marked  and  contains  a  large  nmiibtr  o(  ] 
anastomosing  cells  and  cell-spaces  lying  on  a  finely  fibrillated  grtioDd- 
substance.    Moreover,  longitudinal  networks  of   very  fine  elastic  &im, 
which  are  in  continuity  with  the  larger  elastic  fibres  of  the  next  kja^  j 
occur  in  it  in  the  aorta. 

3,  Elasiic  lar/ers  (fig;  178,  h).     These  form  the  chief  substa nee  <it 
inner  coat*    The  eliistic  tissue  forms  longitudinal  networks  of  ' 
(fig.  181),  which  consist  of  one  or  more  layers  of  dillerent  dLgr* 
closeness.     Not  uncommouly  some  of   these    (or  one   in  partieuiir^^ 


Fig.  ISl. 


Fig.  182. 


Fig  »18L— Elastic  nctwdrk  of  aiiteet.     250  duhetltis  tKtiiliker).  j 

Fig.  1S2. — Portion  of  fenestrated  membrask  froh  Tin  fkmoilal  aktert,  MAGmtD 
200  ihameters  <HenIc). 

cf,  6,  c»  perfomtions.  JH 

take  on  a  membranous  character,  in  which  ease  the  "  perforated  ''  or 
'* fenestrated"  membrane  of  Henle  is  fonned.    This  consists  of  a  thift  — 
and  brittle  tmnsoarent  fihn   of  elastic   tissue.     It  can   be    strippej|B 
off  in  small  shiTos,  which  have  a  remarkable  tendency  to  curl  in  ftt" 
their  Ixirders,  and  roll  themselves  up  as  represented  in  fig.  182.     The 
films  of  membrane  are  marked  by  fine  pale  Mncs,  foOowing  principally 
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I  longitudinal  direction,  and  joining  each  other  obliquely  in  a  sort 

f network.    These  lines  are  reticulating  fibres  formed  upon  the  mem- 

j  layer  and  continuous  with  the  reticulating  elastic  fibres  which 

the  muscular  coat  on  the  one  side  and  with  those  which  extend 

the  subepithelial  layer  on  the  other.    The  membrane  is  forther 

irkable  by  being  perforated  with  numerous  round,  oval,  or  irregularly 

1  aoerturea  of  different  sizes.    In  some  parts  of  the  arteries  the 

ated  membrane  is  very  thin,  and  therefore  difficult  to  strip  oflF ;  in 

r  situations  it  is  of  considerable  thickness,  consisting  of  several  layers ; 

I  which  case  it  tends  in  the  outer  layers  to  lose  its  membranous  character  : 

[adetd  it  must  be  borne  in  mind  that  every  transition  is  met  with  between 

"  J  fenestrated  membranes,  and  the  longitudinal  elastic  network. 

The  imier  coat  may  thus  be  said  to  be  formed  of  (1)  a  layer  of  flattened 

jithelial  cells,  (2)  a  layer  of  dehcate  connective  tissue  with  branched 

fws;  and  (3)  of  elastic  tissue  under  two  principal  forms,  namely,  the 

bi%ntudiual  elastic  networks  and  the  fenestrated  membrane ;  and  these 

I  lio  forms  may  coexist  in  equal  amount,  or  one  may  predominate,  the 

Ither  diminishing  or  even  disappearing  altogether. 

Kddls  coat  (Tunica  media)  (fig.  178,  c).  This  consists  of  plain 
■ncuiar  tissue,  in  fine  bundles,  disposed  circularly  round  the  vessel,  and 
•OBsequently  tearing  off  in  a  circular  direction,  although  the  individual 
kndles  do  not  form  complete  rings.  The  considerable  thickness  of  the 
vilk  of  the  larger  arteries  is  due  chiefly  to  this  coat ;  and  in  the  smaller 


Fig.  183. 


Fig.  184. 
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H:.  i^;l— McBcrLAR  fibre-cells  from  human  arteries.     Magnified  350  diameters. 

1.  Fr  -rn  the  i>opIiteal  artery ;  a,  natural ;  i,  treated  with  acetic  acid.     2,  From  a 
«c&II  (iiari<  h  of  the  posterior  tibial  (from  Kolliker). 

Fij.     H^ — McaCULAB   FIRRE-CELLS   FROM   SUPERIOR  THTROID   ARTERY   (mAN).      340 
DIAMETERS.      (E.A.S.) 

one?,  it  is  ?aid  to  be  thicker  in  comparison  with  the  calibre  of  the  vessel. 
In  the  larger  vessels  it  is  made  up  of  many  layers ;  and  elastic  films 
other  finely  reticular,  or  quite  similar  to  the  fenestrated  membrane  of 
the  inner  c^>at,  are  found  between  the  muscular  layers  alternating  with 
thenj,  and  also  being  united  with  one  another  by  elastic  fibres  passing 
between  the  muscular  bundles.   In  most  arteries  this  elastic  tissue  of  the 
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middle  coat  is  but  slightly  developed,  but  in  tlie  aorta  {Bg.  183)  id 
carotid  arteries  and  in  some  of  the  branches  of  tlie  latter,  it  &ium  i 
considerable  devclopraent,  and  since  in  tliem  also  elastic  fibres  are « 
extiaicling  into  tbc  gul>epithelial  layer  of  the  inner  coat,  the  distinctk  I 
between  the  inner  and  niiddie  coats  as  shown  in  section  is  far  lessmary 
than  it  is  in  ordinal^  arteries.     The  middle  coat  is  of  a  tawny  or  reddi;' 
yellow  eol«»nr,  not  unHke  that  of  the  elastic  tissue,  lait,  when  quite  b>^ 
it  has  a  softer  and  more  tranBlucent  aspect.     Its  internal  t>art  u  ofi^ii 
described  as  redder  tlmn  the  rest,  bet  the  deeper  tint  is  probably  doe  to  | 
staining  by  the  blotwl  after  death. 

The  muBcnlar  fibre-cells  of  the  middle  coat  of  the  arteries  (fig.  183  ai  1 
fig.  184)  are  seldom  more  than  irom  jl^  to  ^,^  of  an  inch  long  Asi 
freaucntly,  especially  in  those  arteries  in  which  tlie  elastic  tissue  of  the 
middle  coat  is  mtist  developed,  preseet  a  very  irreg^ular  shap>e  with  jaggrf 
extremities  (fi^.  184).  Their  nuclei  are  distinctly  rod-sbajwd  and  m 
often  eliKhtly  curved. 

Bundles  of  white  connccti\"e*tissuc  fibrils  may  also  occur  in  small 
quantity  in  the  middle  coat,  the  proportion  increasing  with  the  size  d 
the  artery.  It  is  important  to  note  that  the  miisciiJar  tissue  uf  the 
middle  coat  is  more  jaire  in  the  smaller  arteries,  and  that  the  athrdxtare 
of  other  tissues  increases  in  the  larger-sized  vessels  ;  in  these,  moreoviir. 
the  nuisculai*  cells  arc  Binaller.  Accordingly,  the  contractility  of  the 
arteries,  which  depends  on  their  middle  coat,  is  little  marked  in  those  of 
large  size,  but  beci^mes  much  more  conspicuous  in  the  smaller  bi^anditt. 

Ilxtemal  coat  {Tunka  mlvmltlia)  (fig,  178,  d).  This  is  cumpoai'd 
midnly  of  fine  and  closely-felted  bundles  of  white  connective  tissae, 
together  with  a  variable  amount  of  longitudinally  disposed  elastic  tissue 
between  the  bundles  (in  the  figure  this  is  seen  cut  across).  The  latter  is 
much  more  abundant  towards  the  inner  pai-t,  next  the  muscular  coat, 
and  is  frequently  described  as  constituting  here  a  distinct  elastic  layers 
it  is  most  marked  in  arteries  of  medium  calibre,  hecoming  thinner,  and 
at  length  gradually  disapjjcaring  in  thase  of  small  size. 

In  large  and  middle-sized  arteries  the  bundles  of  white  connectiTC 
tissue  chiefly  run  diagonally  or  ubliquely  round  the  vessel,  and  tbeir 
interlacement  beciunes  much  more  open  and  lax  towai-ds  the  surface  of 
the  artery,  where  tliey  connect  the  vessel  with  its  sheath  or  ^vith  othtt 
suiTonnding  parts.  Longitudinally  ananged  contractile  fibre-cells  have 
been  descrit>ed  by  various  observTrs  in  the  external  coat  of  some  of  the 
larger  arteries  (esix^cially  tbc  ifiacs,  sniierior  mesenteric,  splenic,  reaal 
and  dorsal  is  penis,  and  in  the  iimhilicjd  arteries  of  t!ie  fcjetus).  In  the 
ombilical  arteries,  according  to  Eberth,  a  complete  layer  of  longitudinal 
muscular  fibres  is  also  present  In  the  middle  coat,  internal  to  the  ordinary 
circular  filjrcs.  Scattered  longitudinal  muscular  cells  are  present  in  mme 
arteries  amongst  the  circularly  disposed  fibres  of  tlie  middle  coat,  and 
even  in  the  subepithelial  layer  of  the  internal  coat.  The  outer  coat  ii 
usually  of  grenter  proportionate  thickness  in  the  smaller  artt*rie€t,  but 
as  it  shades  oft"  into  the  smrounding  connective  tissue  it  is  difficult  to 
adjudge  its  exact  thickness. 

Some  arteries  Iiavc  much  thinner  coats  than  the  rest,  in  proportion  to 
their  cahbre.  This  is  strikingly  the  case  with  those  contained  within 
the  cavity  of  the  cnmium,  and  in  the  vertebral  canal;  the  diii'erence 
dcj>cnd8  on  the  txtemal  and  middle  coats,  wliich  in  the  rcfficla  rdened 
to  aie  thinner  than  elsewberc. 
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fSMMls  and  Verves  ef  Arteries. — The  coats  of  artcrips  receive 
resst^U,  both  arterial  and  venoiia,  named  rasa  vasorum,  which 
for  their  nutrition.  The  little  nutrient  arteries  are  not  derived 
W  from  the  cavitj  of  the  main  Tcssel  but  pass  into  its  coats 
branches  which  arise  from  the  artery  (or  sometimes  from  a  neighbour- 
rj),  at  some  distance  from  the  point  where  they  are  ultimately 
ited,and  divide  into  smaller  branches  within  the  sheath,  and  upon 
of  the  vessel,  l>efore  entering  the  outer  Ci*at  where  they  are 
In  some  of  the  larger  mammals,  a  few  pai^s  into  the 
cnal^  and  follow  the  circular  coui-se  of  its  fibres,  but  in  health 
pemetnite  into  this  coat  in  the  human  sultjcct  and  still  less  into  the 
"  coat  (Ranvier).  Minute  yenulcs  return  the  blood  from  these 
arteries^  which,  however,  they  do  not  closely  accompany,  an<l 
It  into  the  vein  or  pair  of  reins  which  usually  runs  alons^side 
r*  Lymphatics  are  present  in  the  outer  coat. 
Al^mes  an?  generally  accompanied  by  lari^er  or  smaller  nerves  ;  and 
ink,  in  the  operation  of  tyin^  an  artery,  these  happen  to  be  included 
nif  with  it  in  the  ligature,  pain  is  experienced  ;  but  the  vesfiel  itself, 
tan  in  ft  healthy  condition,  is  insensible.  Nervea  are,  nevertheless, 
to  the  coats  of  arteries.  They  form  plcxnscs  round  the 
arteriee,  and  run  along  the  smaller  branches  in  fonn  of  fine 
m  of  fibres,  which  here  and  there  twist  ronnd  the  vessel,  and 
mth  one  another  in  a  plexiform  manner.  The  fine  branches 
ed  ibr  the  artery  penetrate  to  the  middle  coat,  to  the  muacular 
ot  whidi  they  are  chiefly  distributed* 

ganglia  are  found  in  various  parts  connected  with  the  arteries^ 
llieir  existence  does  not  appear  to  be  by  any  means  nniveraal. 


L    Sodeo 


VEIKS. 


of  distributioiL — The  veins  arc  ramified  throughout  the  btxly , 

Ifathearteriee,  bat  in  most  regions  and  organs  of  the  body  they  are 
UMinuDeFOQs  and  larger,  so  that  the  venous  system  is  altogether  more 
^Beioia  than  the  arteriaL     The  pulmonary  veins  fonn  an  exception  to 
KfoJe^  for  they  do  not  exceed  in  capacity  the  pulmonary  arteries. 

Ae  Tdna  are  arranged  in  a  superficial  and  a  deep  set,  the  former 

ming  iinmedtately  beneath  the  skin,  and  thence  named  subcutaneons^ 

tahttei  nKually  accompanying  the  arteries,  and  named  t^enm  eomiies  vd 

mUik$  arieriarum.    The  large  arteries  have  usually  one  accompanying 

lirin,aild  the  medinm-sized  and  smaller   arteries   two,  but  there  are 

•twytifT^*  to  this  rule.    The  veins  within  the  skull  and  spin^d  canal,  tlie 

li|eiie  Tcinsi^  and  the  most  considerable  of  those  belonging  to  the  boues, 

laa  epurt  from  the  arteries* 

He  cjommnnications  or  anastomoses  between  veins  of  considerable 

fre<iucnt  tlmn  those  of  arteries  of  equal  magnitude. 

— The  veins  have  mnch  thinner  coats  than  the  arteries, 

JBldeoBapae  when  cut  acToss  or  emptied  ;  whereas  a  cut  artery  presents 

a  ptlmi  cnifice.     But,  notwithstanding  tlieir  comparative  thinners,  the 

fmit   potw  considerable  strength,  more  even,   according  to  some 

todlorstM,  than  arteries  of  the  same  calil>re.   The  number  of  their  coata 

been  differently  reckoned,  and  the  tissues  composing  them  diflerently 

by  different  writers,  and  this  discreyjancy  of  statement   is 

partly  due  to  the  circumstance  that  all  veins  are  not  perfectly 
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alike  in  Btrucfciire.     In  moat  veins  of  moderate  size,  three  eoate  int|l 
di8tingui8!ied,  which,  as  in  the  arteries,  have  been    named  ext( 
middle,  and  internal. 

Internal  coat.^This  is  less  brittle  than  that  of  the  arbenes,! 
therefore  admits  of  being  more  readily  i>eele(i  off  withont  tearing;  1 
in  other  resi>ects,  tbc  two  are  mnch  alike.    It  consists  of  an  fjnf/idim^i 
subqjiiheUal  conneciivp  fmtw  Jntfer,  and  an  elasfk  laifcr  (fig.  185,  a,hv 

The  epithelium  of  the  %'eina  is  similar  in  character  to  that  d  i 
arteries,  bnt  the  ceils  are  shorter  and  broader*     The  snliepithelial  * 
is  less  developed  in  most  veins  than  in  the  ai'teries,  and  indeed  is  ah 
altogethir  in  many;     II  is  better  marked  in  some  of  the  niediiim-ai?^' 
%*eius  thfm  in  the  lai^^er  trunks.     Tlie  elastic  tissue  of  the  inner  >. 
occm-s  as  dense  lamellilbrm  networks  of  longitudinal  elastic  turn's,  qliI 

Fig.  185. 


Fig.  185.— TRiaansBSB  sictioh  of  pahs  of  tbe  wall  of  okb  of  thk  vosmMttn 

TIBIAL  VKma  (MAIf).      (E.  A.  S.) 

fl,  Epithelial  and  sulwpithelial  layers  of  inner  coat ;  6,  elastic  byew  of  inoer  ttiil;  %y 
middle  coat  ooimisbing  of  irregular  layers  of  muscular  tissuo,  aliemating  «dtli  cooaeetht 
tiwne^  and  posaing  somewhat  graduallj  into  the  outer  connectiTe  tiitaoe  and  elastic  om%L 

but  seldom  as  fenestrated  membranes.  I-ronpfcudinal  mnsenlar  banditti 
as  TveU  as  isolated  contractile  cells,  are  found  in  the  inner  cob!  of 
some  veins. 

Middle  coat,— Tliis  tunic  is  tliinner  than  that  of  the  arteries,  and 
hm  a  much  lari^^er  atlmbiture  of  white  conneetive  tksue.  It  is  jxt- 
vaded  bj  an  ehiatic  network,  but  this  is  even  less  conspicnous  in  tk 
veins  tiian  in  the  arteries.  In  the  veins  of  the  liiubs  (esi^eciallj  the 
npi.>er)  and  in  tho&e  of  some  other  parts,  the  muscular  fibre-colls  h.iTu 
for  the  most  part  as  in  the  arteries  a  transverse  direction,  althuii^^h 
the  hijer  which  thev  form  is  not  everyw!iere  complete,  being  separated 
into  bundles  bj  tbe  intervention  of  connective  tissue  (lig.  185,  f). 
But  in  mtmy  veins  some  of  the  innermost  fibres  of  the  middle  coat 
take  a  lun;ritudinal  conme.  This  is  the  case  with  the  iliac,  crural, 
branches  of  the  mesenteric,  unibilied  of  the  foetus,  and  other  veins 
(Eberth). 

In  many  of  the  kr^rer  veins  the  middle  coat  is  less  developed,  especially 
as  rcij^arcls  its  muscular  fibres,  but  in  such  cases  the  deficiency  may  ht 
supplied  by  muscnlarity  of  the  outer  coat.  Tlte  middle  coat  is  wanting 
altoj^ether  in  tbe  thoracic  part  of  the  inferior  vena  cava,  but  is 
marked  in  the  hepatic  part  :  in  the  part  below  tbe  hver  the  mnsculari^^i 
of  the  middle  coat  is  less  marked.  In  the  internal  and  external  juj 
veins  tlicre  is  hut  a  Kliglit  develupnient  of  the  mu.-^cnlar  tisane, 

External  coat  (fig,  185,  d), — This  is  often  thicker  than  the  middle 
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e  line  of  junction  between  them  is  not  sharply  marked.  It 
inse  areolar  tissue  and  longitudinal  clastic  fiores.  In  certain 
\a  pointed  out  by  Remak,  this  coat  contains  a  considerable 
»lam  or  non-striated  muscular  tissue.  Thus  the  muscular 
t  well  marked  in  the  whole  extent  of  the  abdominal  cava, 
y  form  a  longitudinal  network,  occupying  the  inner  part  of 

coat ;  and  they  may  be  traced  into  the  renal,  azygos, 
A  external  iliac  veins.  The  muscular  tissue  of  the  external 
Fell  developed  in  the  trunks  of  the  hepatic  veins  and  in  that 
lortae,  whence  it  extends  into  the  splenic  and  superior  mesen- 
fonnd  also  in  the  axillary  vein. 

18  present  peculiarities  of  structure,  especially  in  respect  of 
as  follows.  1.  The  striated  muscular  tissue  of  the  auricles 
is  prolonged  for  some  way  on  the  adjoining  part  of  the  veme 
ilmonaiy  veins.  2.  The  (plain)  muscular  tissue  is  largely 
I  the  veins  of  the  gravid  uterus,  in  which,  as  well  as  in 
-eins,  it  is  described  as  being  present  in  all  three  coats,  and 
>r  the  most  part  a  longitudinal  arrangement.  8.  On  the 
muscular  tissue  is  wanting  in  the  following  veins,  viz.,  ff, 
maternal  part  of  the  placenta ;  b,  most  of  the  veins  of  the 
;,  the  veins  of  the  retina ;  d,  the  venous  sinuses  of  the  dura 
e  canoellar  veins  of  the  bones ;  /,  the  venous  spaces  of  the 
mosa.  In  most  of  these  cases  the  veins  consist  merely  of 
m  and  a  layer  or  layers  of  connective  tissue  more  or  less 
in  the  corpora  cavernosa  the  epithelium  is  applied  to  the 
ssue.  It  may  be  added  that  in  the  thickness  of  their  coats 
al  veins  surpass  the  deep,  and  the  veins  of  the  lower  limbs 
upper. 
3  of   the  veins  are  supplied  with  nutrient  vessels,  vasa 

the  same  manner  as  those  of  the  arteries.  Ner\'es  are 
to  them  in  the  same  manner  as  to  the  arteries,  but  in  far 
ice. 


Fig.  186. 


-Most  of  the  veins  are 
ith  valves,  a  mechanical 
adapted  to  prevent  the 
3  blood.  The  valves  are 
smilunar  folds  of  the  in- 
strengthened  by  included 

lAOKAM   SUOWISa  VALVES   OF 
VBIXS. 

It  vein  laid  open  and  8X)read 
pairs  of  valves.  B.  Longitudi- 
I  vein,  showing  the  a]>position 
of  the  valves  in  their  closed 
tkm  of  a  distended  vein,  ex- 
iling in  the  situation  of  a  x>air 


tissue,  and  projecting  into  the  vein.  Most  commonly  two 
IT  flaps  are  i)laced  opposite  each  other  (fig.  186,  a)  ;  the 
ler  of  each  (wliicb,  according  to  Haller,  forms  a  parabolic 
nnected  with  the  side  of  the  vein  ;  the  other  edge  is  free, 
x>wards  the  heart,  or  at  least  in  the  natural  direction  of  the 
lie  blood  along  the  vessel,  and  the  two  flaps  incline  obliquely 
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towards  each  other  in  this  direetioD.    ^Moreover  the  wall  of 
immediately  oii   the  cardiac  side  of  the  curved  lino  of  atl 
of  the  valves,  is  dikted  into  a  pouch  or  shm^  (fig*  180,  B), 
when  distended  Viith  blooti  or  by  artificial  injection,  the  vessel 
out  on  each  eidc,  and  thus  gives  rise  to  the  appearance?  of  a  1 
swelling  wherever  a  valve  is  placed  (as  in  fig.  18(j,  c).    From  the 
description,  it  is  plain  that  the  valves  are  so  directed  as  to 
obstacle  to  the  blood  in  its  onward  flow,  but  that,  wheo  fa-om 
any  other  cause  it  is  driven  backwards,  the  refluent  blood 
between  the  dilated  wall  of  the  vein  and  tlie  fiaps  of  the  val 
press  them  inwards  until  their  edges  meet  in  the  middle  of  the 
and  close  it  up. 

The  epitheJium-cells  differ  in  shape  and  arrangement  upon  the 
surfaces  of  the  valves.     On  the  side  which  faces  inwarcls,  and 
which    the   current  of  blood    flows,    the  cells   are  elongated  ia 
direction  of  the  current,  whereas  upon  the  opposite  side  whichi 
the  valves  arc  thrown  back,  faces  the  wall  of  the  vein,  the  celill 
elongated  transversely*     The  main  Huhstauce  of  the  valve  is  formed 
bundles  of  connective  tissue,  which  have  for  the  most  part  a 
an*angement,  and  between  which  a  few  elastic  fibres  are  seen, 
tissue  is  covered  on  each  surface  by  a  prolongation  of  the  inner  ooilj 
the  vein,  the  covering  \mng  much  thicker  on  the  inner  than  0ft 
outer  fiufface.    The  valve  is  thinner  close  to  its  attachment  than 
where.    At  it<3  base  a  few  transverse  muscular  fibres  are  somethnes 
prolonged  into  it  from  the  middle  coat. 

The  valvular  folds  are  usually  placed  in  pairs  as  abova  described  ;  in  the 
of  the  horse  and  other  large  qaai^pedfl  three  are  Bometimes  found  ranged 
the  inside  of  the  veseel ;  but  this  rarely  occnia  in  the  human  body.  On  the 
hand,  the  folds  are  placed  singly  in  some  of  the  HmaUet  veins^and  in  large 
single  valvular  folds  are  not  unfreqiiently  placed  over  the  openings  of 
entermg-  brimches  ;  also  in  the  right  auricular  mnxm  of  the  heart  there  ia  a 
crescentic  fold  at  the  orifice  of  the  vena  cava  inferior,  and  another  mora 
pletely  coTering  the  openiog  of  the  principal  coronary  vein. 

Many  veins  are  destitute  of  valyes.  Those  which  measure  less  than  ^tb.  of  an 
(about  2  millimeters)  in  diameter  rarely,  if  ever,  have  them.  In  man, 
are  wanting  in  the  miperior  and  inferior  vente  cavte,  in  the  trunk  and 
of  the  portal  vein,  in  the  hepatic,  renal,  and  uterine  veins  ;  also  in  the 
(ovarian)  veins  of  the  female,  In  the  male,  theae  last-mentioned  veins  have  Twh 
in  their  courae,  and  in  each  sex  a  little  valve  ib  occasionally  found  in  the  renul 
l.laced  over  the  entrance  of  the  Fpermatic.  The  pulmonary  veius^  those  withio 
the  cranium  and  vertebral  canal,  anti  those  of  the  cancellat<jd  texture  of  bene,  ai 
well  aa  the  trunk  and  branches  of  the  umbilical  vein,  are  also  without  ralTak 
In  the  azygofl  and  intercostal  veins  valves  are  not  generally  found,  and  wlwa 
present  are  few  in  number.  On  the  other  hand,  they  are  numerous  in  the  jwa 
of  the  limba  (and  e«tpecially  of  the  lower  limbs),  which  are  much  cxpOMd  to 
pc^GMore  in  the  muscular  movements  or  from  other  caoBc^,  and  have  often  to 
ffupport  the  blood  against  the  direction  of  gravity.  Ko  valves  are  met  with  ~ 
tha  veinB  of  reptiles  and  fishes,  and  not  many  ha  those  of  birda. 
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That  the  blood  passes  from  the  extreme  arteries  into  the  reins 
a  necefiBarf  pait  of  the  doctrine  of  the  circnbtion,  as  demonstrated  by 
Harvey,  in  1628 ;  but  the  mode  in  ivhich  the  passage  takes  place  ni 
not  ascertained  nntil  some  time  after  the  date  of  lus  great  macoverf. 
The  finding  of  the  capillaij  vessels,  and  of  the  com^  of  the  blood 
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igh  them,  was  in  fact  one  of  the  first  fruits  of  the  nse  of  the  micro- 

{ in  anatomj  and  physiology,  and  was  reserved  for  Malpighi  (in  1661). 

hen  the  web  of  a  frog's  foot  is  viewed  tlirough  a  microscope  of 

rate  power  (as  in  fig.  187),  the  blood  is  seen  passing  rapidly  along 

mall  arteries,  and  thence  more  slowly 

igh  a  network  of  finer  channels,  by  Fig.  187. 

h  it  is  conducted    into    the    veins.  . 

e  small  vessels  interposed  between  the  \^  J^ 

t  branches  of  the   arteries  and  the 

187. — Capillaat  blood-ybssbls  vk  thk  wbb 
a  fboo's  voot,  as  shu  with  tbi  micboscopi 
t«r  Allen  Thomson). 

Qw  anows  indicate  the  conne  of  the  blood. 

imencing  veins,  are  the  capillary  vessels. 
)  oonrse  of  the  blood  in  them  may  be 
reniently  seen  also  in  the  lungs  or 
oitery  of  the  frog,  in  the  external  gills 

!  tail  of  tadpoles  ;  in  the  tail  of  small  fishes  ;  in  the  mesentery  of 
n  quadrupeds  ;  and  generally,  in  short,  in  the  transparent  vascular 
bi  of  animals  which  can  be  brought  under  the  microscope.  These 
di  can  also  be  demonstrated  by  means  of  fine  injections  of  coloured 
erisl,  not  only  in  membranous  parts,  such  as  those  above  mentioned, 
abo  in  more  thick  and  opaque  tissues,  which  can  be  subsequently 
loed  transparent. 

he  capiUary  vessels  of  a  part  are  most  commonly  arranged  in  a  net- 
[,  the  branches  of  which  are  of  nearly  uniform  size,  though  not  all 
Uy  equal ;  and  thus  they  do  not  divide  into  smaller  branches  like 
ateries,or  unite  into  larger  ones  like  the  veins  ;  but  the  diameter  of 
obeSy  as  well  as  the  shape  and  size  of  the  reticular  meshes  which 
form,  differs  in  different  textures.  Their  prevalent  size  in  the 
in  body  may,  speaking  generally,  be  stated  at  from  ^^^j^  to  -^-^  of 
ich,  as  measured  when  naturally  filled  with  blood.  But  they  arc 
to  be  in  some  parts  considerably  smaller,  and  in  others  larger  than 
standard  :  thus,  Weber  measured  injected  capillaries  in  the  brain, 
li  he  found  to  be  not  wider  than  -^^-^  of  an  inch,  and  Henle  has 
Ted  some  still  smaller, — ^in  both  cases  apparently  smaller  than  the 
ral  diameter  of  the  blood-corpuscles.  The  capillaries,  however,  when 
ved  of  blood,  probably  shrink  in  caUbre  immediately  after  death  ; 
diis  consideration,  together  with  the  fact  that  their  distension  by 
cia]  injection  may  exceed  or  fall  short  of  what  is  natural,  should  make 
sitate  on  such  evidence  to  admit  the  existence  of  vessels  incapable 
rmitting  the  red  corpuscles  of  the  blood  easily  to  pass  through  them, 
diameter  of  the  capillaries  of  the  marrow  of  the  bones  is  stated 
'  ttW  o^  ^^  mc\i.  In  other  parts,  their  size  varies  between  the 
mes  mentioned  :  it  is  small  in  the  lungs,  and  in  muscle  ;  larger  in 
kin  and  mucous  membranes.  The  extreme  branches  of  the  arteries 
reins  in  certain  parts  of  the  sjmovial  membranes  are  connected  by 
lary  loops,  which  are  considerably  dilated  at  their  point  of  flexure, 
lilatations  are  also  found  upon  the  transverse  capillaries  of  the  red 
les  of  the  rabbit. 
lere  are  differences  also  in  the  size  or  width  of  the  meshes  of  the 
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capillaiy  network  in  different  parts,  and  conseqnently  in  the  number d 
vessels  diatrilnited  in  a  ^iveti  apace^  and  the  amount  of  blii<3d  Kopp"  * 
the  tissue.     The  network  is  very  elose  in  tire  lungs  and  in  the 
coat  of  the  eye,  and  eomparatiYcly  close  in  musele,  in  fat,  in  the  i 
and  in  nioBt  mucons  niembraneB,  also  in  glands  end  secreting  sir 
and  in  the  gi*ey  part  of  the  brain  and  spinal  cord.     On  the  other  J 
it  has  wide  meshes   and   com  para  ti  rely  few  vessek  in  the  Kg 
tendons,  and  other  allied  textures.     In  infants  and  young 
tissues  are  comparatively  more  vai^cular  than  in  after-life. 

The  figure  of  the  capillary  network  is  not  the  same  in  all  textm 
In  many  cases  the  shape  of  the  meshes  seems  accommodated  toi 
arrangement  of  the  elements  of  the  tissue  in  which  they  lie.  Thinl 
muscle,  nerve,  and  tendon,  the  meshes  are  long  and  comp 
narrow,  and  run  conformably  with  the  fibres  ami  fasciculi  of  ih 
textures.  In  other  parts,  as  in  the  lungs,  in  f^U  and  in  secreting  cjli 
the  meshes  are  rounded  or  polygooab  witii  no  one  dimension  groitlyp 
dominating.  In  the  papillae  of  the  skin  and  mucx>ns  membranes,  the  ves 
of  the  network  are  often  drawn  out  into  prominent  simple  or  ramified  I 

The  smallest  arteries  and  veins  pass  by  gradual  transition  into  I 
capillary  vessels,  and  their  finest  oftaets  approach  very  near  to  thm\ 
structure  ;   these  may  therefore  he  conveniently  considered  along  '  " 
the  capillary  vessels- 

StTiictnre    of    tlie    ca^pillarioB,^ — The    wall    of    the    capiU 

proper   is  formed  entirely  of  a 
epithelial   layer,   composed  of   flati 
lanceolate  cells  joined  edge  to  edge,! 
continuons  with  the  corresponding  h^ 
which  lines  the  arteries  and  veins.    " 
outlines  of  the  celts  or  their  lines  of  jaa 
tion  one  with    another    may   be 
ap|>ai-ent  by  nitrate  of  silver  (fig,  18 


Fig.  188. 


/ii^<=^ 
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Fig.  188,— Capillary  te^els  from  thb  BLAi»t)n<iif 
THE  CAT,  MAQHiFirD  Rafter  Qhrtowaciewakj.) 

The  outlines  of  the  ccUe  are  stained  hj  iiiti»tl| 
Bil?er. 


,  ^  while  the  nuclei,  which  show  a  well-markfd 

gs^^^^  network  of  nucleoplasm,  may  he  brou^t 

'■ — ?S^  into  view  by  logwood  or  cannine.    Com- 

monly there  are  not  more  than  two  or 
three  such  cells  in  the  cross  section  of  i 
capillary.  At  the  pioints  of  junction  of 
the  capillaries  the  cells  are  usually  bronder 
and  not  spindle-shaped,  hut  radiate,  with  three  or  four  pointed  brancbel 
fitting  in  lietween  the  cells  of  the  three  or  four  adjoining  veseelswhidi 
meet  at  the  spot  (fig.  18^»  f,  f,  r'). 


f  tiuiH 


In  capillaries  which  have  b^en  ffnbmittcd  to  the  action  of  nitrate  of  silver, 
is  here  and  ther^  to  be  Hoen  between  the  cells  of  the  capillary  wall  an  in€ 
ttitioimt  of  the  inttTcellular  ^ubstance^  appearing-  as  an  enlargement  of  ' 
Unc  of  the  silver  deposfit.  To  the*e  gaps  in  the  capUlarj  wall,  which  howevef  «t 
closed  by  tnteroellnlar  substanoe,  J,  Arnold  haa  applied  the  term  **  stigmata ; "  tliey 
SIB  tmologoufl  to  the  "  pseudo-stomata ''  found  between  the  epitheUom  oellf  of  i 
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It  is  probable  that  the  white  blood  corpnsoles,  when  migra- 
■1  the  blood-TeflBels,  pass  between  the  epithelimn-ceUs,  especially  in  the 
a  of  the  stigmata. 

Jied  cells  of  the  snrroimding  areolar  tissue  are  found  connected 
fUj  with  the  cells  forming  the  capillary  wall.  This  connection  occors 
tfwmy  where,  bat  it  is  more  obvions  in  parts  which  are  pervaded  by  a 
ng  netwozk  of  xetiform  connective  tissue,  such  as  the  substance  of  the 

Fig.  189. 


I. — A  SKALL  ABTIBT  A,  AND  VKIH  Y,  FROM  THE  BUBCUTANSOUS  COHRIOTITI 
B  OF  TSB  BAT.      TrKATBD  WITH  HITRATB  OF  8ILVBB.       175  DiAXBTBRS  (E.A.S.). 

epithelinm-oells  with  &,  5',  their  nuclei ;  m,  my  transverse  markings  due  to 
of  sobetance  between  the  ninscular  fibre-cells ;  c,  c,  nuclei  of  connective  tissue 
m  attached  to  exterior  of  vessel. 

tic  glands,  the  solitary  and  agminated  intestinal  glands  and  adjacent 
membrane,  where  the  small  vessels  and  capillaries  may  even  obtain  a 
COS  covering  from  the  reticulating  processes  of  the  cells.  This  coating  has 
jooed  by  His,  adventitui  capillaris, 

rowths  from  the  capillary  wall  have  been  described  by  Strieker  as  occurring 
fin  the  progress  of  development,  in  the  manner  to  be  afterwards  detailed, 
» In  tha  folly  developed  capillaries  of  the  frog ;  and  contraction  both  of 
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the  whole  eapillaiy  wall  and  also  of  the  individufll  celU  of  ycmng  capillary  i 
has  also  been  described  (Strieker,  Tarclianoff  ),  but  it  i&  not  known  whdJil 
walb  of  the  oapillarie^  of  the  adult  mammal  possess  any  aj^reciable  oaatnfl 

Stiftictiire  of  tlie  small  arteries  and  'reiiLs. — Tu  vessels  ai 
larger  thuii  the  capillaries^  there  is  added  outside  the  epithelial 
(fig.  181*,  a,  a),  a  layer  of  plain  muscular  tissue,  in  form  of  the  ' 
lon^  eon  tractile  fibre-celk,  which  are  directeil  across  the  length  a 
vessiil  {%,  189,  m,  w).  The  elongated  nuclei  of  these  cells  mi 
brought  into  view  hj  means  of  acetic  acid  or  by  st4iinin^  fluids, 
layer  corresponds  with  the  middle  coat  of  the  larger  vesset 
the  Km al lest  vcs&els  in  which  it  apj>eara  the  muscular  cells  are  fel 
apart,  and  a  single  Iod^^^  cell  may  turn  spirally  round  the  tube  (La 
in  larger  vessels,  especially  those  of  the  arterial  system,  the  mtn 
cells  are  more  closely  arranged.  Outside  the  muscular  coat  ii 
areolar  or  connective  tissue  coat,  containing  fibres  and  connl 
tissue  corpuscles,  with  longitudinally  placed  nuclei. 

In  vessels  of  -^  of  an  inch  in  diameter,  or  even  less,  the  elastic  I 
of  the  inner  coat  may  be  discovered  (fig.  MK},  A,  5),  in  the  formgeoii 

Fig.  190. 

y       A      fl  7  A  ^        ,«       3 

/    ir 


•^ 


Fig.   190,— A   FMALL   ABTSat   A,  WITH    A   COKRBSPttNDlKa   VEISt    B,   TRBATID  WIT^  | 

ACID,  ASiD  UAaninzp  350  PiAMBtisaa  (after  Kiillikcr). 


'  tiiej 


B,  extGroal  coat  with  clongftted  nadei ',  jB,  anclei  of  iho  tiungTer»c  mascnlar  1 
middle  coat  (vben  iecti  undwLse^  as  at  the  sides  of  the  Tesseij  their  ouUiae  is  d^ 
7,  nuckl  of  the  epithelium -cdJji ;  Z,  elastic  layers  of  the  inner  co^^t^ 

of  homogeneous  or  fenestrated  membrane,  more  rarely  of  longiti 
reticulating  elastic  filircs.  TIk^  smidl  veins  ilitlcr  from  artenes  of  d 
ponding  size,  chiffly  in  the  iofcriur  development  of  their  muscular  tl 
the  lining  cclJs  of  the  arteries  also  are  veiy  much  longer  and  nal 
than  those  of  the  veins.     These  diiTtTences,  as  well  as  the  conipii 
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f  oorreBponding  vessels,  are  well  shown  in  the  accompanying 
I  (189  and  190). 

mly  open  oommunication  between  the  arteries  and  the  veins,  is  by  means  of 
7  Teasels  as  above  described,  unless  in  the  maternal  part  of  the  placenta  and 
nterior  of  erectile  organs,  in  which  small  arteries  may  open  directly  into  wide 
cttTxties  without  the  intervention  of  capillaries.  Moreover,  in  the  spleen  the 
empiUjirieB  do  not  at  once  pass  into  the  commencements  of  the  veins,  but  open 
s  interstioes  of  the  organ,  from  which  the  minute  veins  collect  the  blood. 
■ud  that  in  certain  parts  small  arteries  may  i>a8S  into  small  veins  without 
Brrention  of  true  capillaries  (Sucquet,  Hoyer). 

rmi  glands, — At  the  upper  end  of  the  common  carotid  {carotid  gland)  and 
t  of  the  apex  of  the  coccyx  (coccygeal  gland,  Luschka),  are  found  small 
okiii^  bodies  of  a  somewhat  glandular  appearance,  but  composed  almost 
r  of  a  plexus  of  minute  arteries,  which  are  derived  in  the  one  case  directly 
le  caxotid,  in  the  other  from  the  middle  sacraL  The  plexiform  vessels  are 
i  bj  one  or  more  layers  of  granular  polygonal  cells,  apparently  like  those 
A  the  interstitial  tissue  of  some  other  organs  (testis,  ovary,  thyroid,  supra- 
odies),  and  probably  modifications  of  the  more  widely  distributed  plarana- 
the  connective  tissue.  The  whole  is  invested  by  connective  tissue,  which 
netntes  between  the  vessels  of  the  so-called  gland,  and  itself  contains 
me  granular  cells.  The  true  nature  and  function  of  these  peculiar  stmo- 
( entirely  unknown. 

DVTXItOFMXNT   OF   BIiOOD-VBBS]BL& 

\  first  vessels  which  appear  in  the  ovnm  are  formed  in  the  meso- 
and  the  process  suhseqneutlj  goes  on  in  the  same  layer  and  in  its 
itives  in  all  parte  of  the  animal  body.  New  vessels,  also,  are  formed 
3  healing  of  woonds^  in  the  restoration  of  lost  p^uls,  and  in  the 

Fig.  191. 


191. — Pa*T  of  the  aXTWOBK  OF  DIVKLOPDrO    BLOOD- VK8SBLS  HI  THl  VASCULAB 
▲BXA  OF  TUB  OUIVEA-Pia.      (K  A.  S.) 

ilood-corpoflcles  becoming  free  in  an  enlarged  and  hollowed  out  part  of  the  nct- 
The  smaller  figure  on  the  left  represents  a  of  the  larger  figure,  more  highly 
ed  ;  <i,  a  nodeus  ondeigoing  division. 

ction   of  adventitious  growths.    The  process  is  in  every  case 
tally  the  same. 

\  firat  vessels  of  the  embryo,  both  of  the  chick  and  mammal,  are 
1  in  the  vascular  area,  and  originate  bom  some  of  the  cells  of  the 
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mesoderm  in  that  situation  (iig.  ItH).  Vacuoles  are  formed  within  | 
cells,  and  as  I:1il7  iiicrwxse  in  size  they  run  together,  and  a  cavity  I 
with  fluid  h  in  thia  way  produced  in  the  interior  of  the  cell,  the  m 
of  which  hiis  nieanwliile  become  multiplied,  wdiile  bkM>d-corjiuaJ(i 
formed  within  the  cavity  in  the  manner  already  described  in  eoiinrt 
mlh  the  blood  (p.  3i).     The  cells,  whilst  these  changes  arc  goin 

increase  largely  in 
cially  in  the  chick,  wh 
^'^'  ^^^'  form  vesicles  (fig.  1 U 2).v 

the  naked  eye  as  miiiutem 
specks,  which  have  been  I 


>^ 


Fig.  192. — C£Lf<S  FllOX  MitiUJi 

OK  en  icc'a  blastudbrv  VKW 

IiEVELOPMBJTT  IWTO    BtOOlhf] 

MAaNiviSD  (from  KleiQ}« 

a,  cavity  of  ocll ;  b,  wtU  d  t 
/,  /,  cells  not  yet  holloved  wlji 
bl(>c>d-cor|9ii^lefl. 


since  the  time  of  Pander 
"  blood  -  islands.'*    The 
are  nnited  to  one  fm 
their  processes,    and 
time  the  cavities  become  extended  into  the  cell-processes,  so  that! 
work  of  vessels  m  by  tins  ineans  produce tl 

The  wall  of  these  primary  vessels  is  therefore  composed  at  first 
of  the  protoplasm  of  the  original  embryonic  cells  with  a  few  ni 
derived  by  division  from  the  original  nuclei  of  those  cells,  iral 
in  it  here  and  there.     Subsequently  the  protoplasm  becomes  difft 
ated  around  the  nuclei  into  the  flattened  cells  which  compose  tho 
of  the  cainllaries,  and  whicii  form  the  lining  membrane  of  the 
and  veins.    The  remaining  coats  of  the  larger  vessels  are  developed 
from  other  cells  which  apply  themselves  to  the  exterior  of  the  previa 
simple  tubes  and  produce  the  plain  miiscnlur  and  other  tissues  of  wl 
those  coats' consist. 

Within  the  body  of  the  embiyo,  yesaelB  are  formed  in  like  mmmer 
cells  belonging  to  the  connective  tissue.  One  of  the  most  fiivoi 
objects  for  the  stndy  of  the  development  of  the  blood-vessels  and  their 
contained  blood-corpnsclca  is  a&brded  by  the  subcutaneous  tissue  rf 
the  new-burn  rat,  especially  those  parts  in  which  M  is  being  it 
[NDsited, 

Here  we  may  observe  that  many  of  the  connective  tissue  oorpasdei 
are  ranch  vacuolated^  and  that  the  protophxsm  of  some  of  them  presents  i 
decided  reddish  tinge  (fig.  11K3,  A).  In  others  the  red  matter  has  become 
condensed  in  the  fonn  of  globules  within  the  cells  (A',  A",  &c.),  varying  ill 
size  from  minute  Bjiecks  to  spheroids  of  the  diameter  of  a  blood-oorpuade^ 
or  more.  At  some  parts  the  tissue  is  completely  studded  with  these  ceQ^ 
each  containing  a  mimher  of  such  spheroids^  and  forming,  as  it  were, 
**  nestfi  "  of  blood-corpuscles  or  minute  **  blood-tslands.''  Alter  a  time 
the  cells  become  elongated  and  pointed  at  their  ends,  eendiof 
out  processes  also  to  unite  with  ncighbourmg  cells*  At  the  same 
time  the  vacuoles  in  their  interior  become  enlarged,  and  ooaleaoe  to 
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11  a  cavity  within  the  cell  (5g,  194,  a),  in  which  the  reddish  globules, 
cb  are  now  becoming  disk-shaped  {b),  are  found.    Finally  the  cavity 

Fig.  19a 


^%^ 


III  193. — COMUKHaHa  DIYXLOPMEHT  of  COHNBCTiTK  TISSUE  CKLLS   IHTO  BLOOD-YSSSSLS. 

Fbom  thjb  subcutahsous  tissue  of  the  hkw-born  bat.     (E.  a.  S.) 

^  i  eell  oontainiog  luemoglobin  in  a  diffused  form  in  the  protoplasm  ;  h\  one  contain- 
^eolosred  globules  of  rarying  size,  and  vacuoles  ;  h",  a  cell  filled  with  coloured  globules 
iCieuly  uniform  size  ;  /,  /',  developing  fat  cells. 

%  194. — Further  dbvilopmbht  of  ooiniECTivB  tissue  cells  into  capillary  blood- 
vessels. (K  A.  S.). 
%  aa  elongated  ceU  with  a  cavity  in  its  protoplasm  occupied  by  fluid  and  by  blood- 
Ipodcs  which  are  still  globular  ;  6,  a  hollow  ceU  the  nucleus  of  which  has  multiplied, 
w  lew  nndei  are  arranged  around  the  wall  of  the  cavity,  the  corpuscles  in  which  have 
i^  become  discoid  ;  c,  shows  the  mode  of  union  of  a  "  haemapoietic  "  cell,  which  in 
la  iartanoe  contains  only  one  corpuscle,  with  the  prolongation  (62)  of  a  previously 
liitiBg  vessel,     a,  and  e,  from  the  new-bom  rat ;  6,  from  the  foetal  sheep. 

Fig.  196. 


.  195.— ISOULTH)  OAPILLART  KBTWORK   FORMED  BY    THE    JUNCTIOH   OF  SEVERAL  HOL- 
WWD-OVT  CELLS,   AED  OOHTAHriEO    COLOURED   BL00D-C0RPU8CLB8   IH   A  CLEAR  FLUID. 

.  a  hollow  oeU  the  cavity  of  which  does  not  yet  communicate  with  ^^f^^^^^P^JvLfil:?' 
rtad   ceU-proce-es,   extaiding  in  different  directions  for  union  with  neighbouring 
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extends  through  the  cell  processes  into  those  of  neighbonrinff  odbf 
into  those  sent  out  from  pre-existing  capillaries  (fig.  194,  &O9  out  ii 
or  less  extensive  capillary  network  is  often  formed  long  bcdTore  thi 
nection  mth  the  rest  of  the  vascular  system  is  established  (fig.  [' 
Young  capillaries  do  not  exhibit  the  well-known  lines  when  treated  i 
nitrate  of  silver,  for  t)ie  differentiation  of  the  hollowed  cells  uili 
processes  into  flattened  cellular  elements  is  usually  a  subseqnenl  , 

The  mode  of  extension  of  the  vascular  system  in  growing  parts  di 
animals,  as  well  as  in  morbid  new  formations,  is  qaite  similar  t 
here  described,  except  that  blood-corpuscles  are  not  developed 
the  cells  which  are  forming  the  blood-vessels. 


Fig.  196. 


The  process  of  development  ofj 
lary  vessels  has  long  been 
the  tadpole*8  tail|  and  is  rep 
the  adjoining /Igngre  (fig.  196)b]r] 
in  which  tU'prooisses  of  a 
are  seen  to  n&eet  and  join  wtth  1 
pointed  processes  which  shoot  < 
the  sides  of  neighbouring  capil 
and  in  this  manner  the  new  1 
adopted  into  the  existing 
junctions  of  the  cells  with  each  c 
with  capillary  vessels  axe,  at 
great  tenuity,  and  contrast  strraiAl 
the  central  and  wider  parts  of  tii0i 

Fig.  196.  — Capillary  BLooD-Txanuai 

TAIL      OF     A     TADPOLE,      MAQIimi 

DiAMKTBRS  (Kolliker). 

a,  capillaries  permeable  to  blood ;  K^Ji 
mulations  of  granules  concealing  tks  I 
of  the  vasculAT  wall ;  e,  hollow  pntel 
of  a  capiUoiy,  ending  in   a   poini;  4*1 
branched    cell,   containing    a    niwlHi  ail 
granules,     and     communicating    bj 
branches  with  prolongations  A 
already  formed  ;  r,  blood-corpiudei.' 

they  appear  then  to  be  solid,  bafc  Hf  { 
afterwards  become  pervious  and  £ 
widen,  blood  begins  to  pass  thxoogiitkBi  1 
and  the  capillaiy  network  aoqidm  • 
tolerably  uniform  calibre.  Hm  od^td 
vascular  network  may  become  cloaer  If 
the  formation  of  new  vcssds  in  Hi  i^ 
tornticeH.  Thid  is  effected  by  nmilaily 
mctamori)hosed  cells,  arising  in  tlN 
areolas  and  joining  at  various  points  witk 
the  surrounding  vessels,  and  also  simp^ 
by  pointed  offshoots  from  the  r^^'^'^g 
capillaries  strctehing  across  the  intervals  and  meeting  from  opposito  aides,  10  m 
when  enlarged  to  form  new  connecting  arches. 

The  blood-vet«s<>lH  may  be  said  to  increase  in  size  and  capacity  in  proportkm  to 
the  demands  ma«le  on  tiieir  service.  Thus,  as  the  uterus  enlarges  in  pregnaacyt 
its  vessels  become  enlarged,  and  when  the  main  artery  of  a  limb  is  tied,  9 
othen^'ise  permanently  obstructed,  collateral  branches,  originally  small  and  iiui^ 
nificant,  augment  greatly  in  size,  to  afford  passage  to  the  increased  share  of  l 
which  they  are  required  to  transmit,  and  by  this  adaptation  of  them  to  the  i 
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f,  the  oizeiilaliiQaig  zestoxed.  In  such  cases,  an  increase  takes  place  in  length, 
I  "Well  as  in  diameter,  and  accordingly  the  vessels  y  exy  commonly  become  tortuons. 

It  Ititerature: — On  the  stractnre  of  blood-vessels  in  general : — Fberth  in 
r's  Handbook,  1871  (contains  also  literature  np  to  that  time) ;  Ranvier  in  Traits 
jae,  1876. 

On  the  Btractnre  of  arteries  :— «.  Ebner  in  Med.  Centralbl.,  1869  (aorta) ;  Bretgen  in 
^     *  .  Arch.,  LXV.  1875  ;  Bardddten  in  Jena  Sitztmgsb.,  1878  ;  Key-Aberg  (aorta)  in 

J.  Unteis.,  heiao^  Ton  G.  Betrius,  1881. 
'  Om  the  ttrueturt  ofveim  : — Ba/rddAen  in  Jena  Sitzungsb.,  1877  and  1880. 
On  ike  stnuiure  rfcajpiUariu  -.—Awrbach;  Eherth  ;  Aebg  in  Med.  Centralbl.,  1865 ; 
tgaewsky,  Yirch.  Arch.,  XXXY.  1865  ;  Tarchatu^in  Pflnger's  Arch.,  IX.  1874  ; 
■  in  Wiener  Sitsongsb.,  1876,  and  Med.  Jahrb.,  1878  (contractility). 
On  the  development  of  blood-vessels  : — Hit,  EntwickL  d.  Huhnchens,  1868  ;  Kleins 
i  Wiener  Sitsongsb.,  LXIIL  1871 ;  Jtouget  in  Arch,  de  Physiol.,  1872  ;  F.  M,  BaJlfour 
i  Qnart.  Joor.  of  Micr.  Sd.,  1872  ;  SdUtfer  in  Proc.  Boy.  Soc.,  1873  ;  Ranvier  in  Arch. 
I  PliysioL,  1873 ;  Schmidt  in  Monthly  Micr.  Jonr.,  1875  ;  Lebowq  in  Bull  d.  L  Soc.  do 
'  ~.  de  Gsnd,  1875,  and  Becherches,  &c,  1876 ;  KoUiker,  **  Entwickelungsgesch.,"  1879. 

IiYMPHATIC    878TEM. 

Under  this  head  we  inclnde  not  only  the  vessels  specially  called 

aphatics  or  ahsorbents,  together  with  the  glands  belonging  to  them, 

';  abo  those  named  lacteal  or  chyliferons,  which  form  part  of  the  same 

tern,  and  differ  in  no  respect  from  the  lymphatics,  save  that  they  not  ' 

tJntf  cany  Ivmph  like  those  vessels,  but  are  also  employed  to  take  np 

tte  chyle  nrom  the  intestines  daring  the   process  of  digestion   and 

7     Wttrey  it  into  the  blood.    An  introductory  outline  of  the  lymphatic 

Qiem  has  already  been  given  at  page  88. 

^        A  system  of  lymphatic  vessels  is  superadded  to  the  sanguiferous  in 

^      iffcbnes  of  vertebrated  animals,  but  this  is  not  the  case  in  the  inver- 

febnta ;  in  many  of  these,  the  sanguiferous  vessels  convey  a  colourless 

or  nearly  colourless  blood,  but  no  additional  class  of  vessels  is  provided 

for  conveying  lymph  or  chyle. 

Dislxilmtion. — In  man  and  those  animals  in  which  they  are  present, 
the  hmphatic  vessels  are  found  in  nearly  all  the  textnres  and  organs 
vhich  receive  blood  ;  the  exceptions  are  few,  and  with  the  progress  of 
discovery  may  yet  possibly  disappear.    It  is,  however,  with  the  con- 
nective tissne  of  the  several  textures  and  organs  that  the  lymphatics  are 
most  intimately  associated;    indeed,  as  we    shall    immediately  have 
occasion  to  notice,  these  vessels  may  be  said  to  take  origin  in  spaces  in 
that    tissue.    The    larger   lymphatic  trunks   usually  accompany  the 
deeply-seated  blood-vessels ;  they  convey  the  lymph  from  the  plexuses 
or  sinuses  of  origin  towards  the  thoracic  duct.    The  principal  lymph- 
atic vessels  of  a  part  exceed  the  veins  in  number  but  fall  short  of  them 
in  size ;   they  ^so  anastomose  or  intercommunicate  with  each  other 
mudi  more  frequently  than  the  veins  alongside  of  which  they  run. 

It  not  unfrequenily  happens  that  a  lymphatic  vessel  or  a  close  inter- 
lacement of  lymphatic  vessels,  may  ensheath  an  artery  or  vein  either 
partially  or  wholly.  In  this  case  the  lymphatic  is  termed  "  perivascular." 
Origin. — Two  modes  of  origin  of  lymphatic  vessels  are  described, 
VLL,  the  plexiform  and  the  Jactmar  or  interstitial,  but  no  sharp  line  of 
distinction  can  be  drawn  between  them,  the  difference  depending  chiefly 
upon  the  nature  of  the  tissue  or  organ  to  which  the  lymphatics  are 
distributed.  Thus  in  flat,  membranous  or  expanded  parts,  the  lymphatic 
vessels  usually  form  a  network  which  is  situated  either  in  a  single  plane, 
as  in  many  parts  of  the  serous  membranes,  or  in  two  or  more  planes 


Fi^,  197p — Lriti'HAtio  Pi-sxus  i^w  cgstaAi*  tbnoon  qv  ourERAan  op  luiitBiT,  tiM\ 
siitK  (K]em)>    Maohifiid. 

Of  Itzger  reaseh  with  louccoUie  ccilb  anil  rmmerooB  ralres  ;  6,  r,  lyraphallci  of  ongts, 
with  wiTj-bonitred  cclia.     Hfire  and  tkere  an  uoUted  pfttdi  of  Aimikr  ceUk 


the  membrane  in  which  they  are  diatribiited,  but  even  the  most  sa] 
ficial  and  finest  nctwprk  is  compoBed  of  vcssela  which  are  lai^r 
the  aangoiferoufl  cupilknes. 
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nnphatics  of  origin  are  pften  very  irregular  in  size  and  shape 
f  b,  c).  In  them  the  lymph  is  collected,  and  it  is  conveyed  away 
\  tissnes  and  organs  by  more  regular  vessels  provided  with  valves 
\  a)  J  which  agam  combine  to  form  larger  lymphatic  tmnks. 
and  there  vessels  are  seen  joining  the  plexuses  of  origin  which 
the  tissne  bv  a  blind  and  often  irregular  extremity.  A  long- 
md  weQ-marked  example  of  such  a  mode  of  commencement  is  to 
I  in  the  lacteab  of  the  intestinal  villi,  which,  although  they  form 
■in  the  lareer  and  broader  villi,  arise  in  others  by  a  single  vessel 
ig  with  a  Imnd  or  closed  extremity  at  the  free  end  of  the  villus, 
Ifc  niils  down  to  join  the  general  plexus  of  the  intestinal  membrane. 
he  other  hand  in  the  more  sohd  organs  the  lymphatic  vessels 
the  interstices  of  the  organ,  and  in  many  cases  lose  in  great 
I  Hieir  character  of  distinct  tubular  canals,  and  appear  simply 
fike  spaces ;  which  are,  however,  always  bounded  by  an  epitheual 
Ids  that  which  lines  the  lymphatic  vessels  elsewhere. 
JMsmiar  mode  of  origin  of  lymphatics  was  first  described  in  the 
r  Lodwig  and  Tomsa,  and  it  is  now  known  to  be  characteristic  of 
ndolar  organs.  Occupying  everywhere  the  interstices  of  the 
ting  oonnective  tissue,  the  lymph  bathes  the  exterior  of  the 
or  alveoli  of  the  gland,  in  many  parts  even  separating  them  from 
Ikrv  blood-vessels,  so  that  the  exchanges  of  material  between  the 
of  uie  blood  and  the  secreting  cells  of  the  gland  must  be  carried 
^jl  ttie  intermedium  of  the  lymph  in  these  spaces.  A  network 
hatic  spaces  is  also  met  with  between  the  anastomosing  muscular 
rthe  heart 

\  may  be  r^arded  as  a  third  mode  of  origin  of  lymphatics  is  to 
1  in  the  open  communications  which  subsist  between  the  serous 
and  the  lymphatic  vessels  in  their  waUs.  These  orifices  or 
I  which  will  be  described  with  the  serous  membranes,  dlow  of 
^ge  of  lymph  fix}m  the  serous  cavities  into  the  lymphatics,  so 
se  cavities  may,  in  a  certain  sense,  be  looked  upon  as  large  lymph 
Owing  to  this  communication  fluid  is  not,  under  normal 
,  suffered  to  accumulate  in  them. 


•  of  Hie  lower  anJTnalfl  the  lacunar  condition  of  lymphatics  has  been 
mau  Bnaooni  found  that  the  aorta  and  mesenteric  arteries  of  amphibia 
aiA  In  luge  lymphatic  spaces.  Johannes  MOller  recognised  the  spaces 
>  e«ftcnrively  separate  the  frog's  skin  from  the  subjacent  muscles  as 
If  te  tlie  lymphi^  system,  and  Recklinghausen  has  shown  that  the  sub- 
■  lymph-^Moes  of  the  frog*s  leg  communicate  with  lymphatic  vessels 
■relope  the  blood-vessels  of  the  foot ;  also  that  milk  injected  into 
loes  ihids  its  way  into  the  blood«  The  lymphatic  (system,  in  being  thus 
led  by  lacuna  or  interstitial  receptacles,  so  far  agrees  with  the  sangui- 
vtem  of  crustaceans  and  insects. 

ctiire.~In  structure  the  larger  lymphatic  vessels  much  resemble 
18^  only  their  coats  are  thinner,  so  tnin  and  transparent  indeed 
le  contained  fluid  can  be  readily  seen  through  them.  When 
tics  have  passed  out  from  the  commencing  plexuses  and  lacunse, 
I  found  to  have  three  coats.  The  intern^  coat  is  covered  with 
lelial  lining,  consisting  of  a  single  layer  of  flattened  nucleated 
bich  have  mostly  an  oblong  or  lanceolate  figure,  with  an  indented 
tfy  serrated  boraer,  by  wmch  the  adjacent  cells  fit  to  each  other 
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(fig.  1^7,  a).    Outside  the  epithelial  layer  the  inner  coat  is 
a  layer  or  layers  of  longitiiclinal  elastic  fibres.     The  middle  coat 
of  plain  muscular  tissue  dispOBed  circularly,  mixed  ^rith  finely 
lafcinf^  elastic  fibres  takius;  the  same  dirtH^tion.     Over  the 
wliich  occw  in  the  vessels  Ixryond  each  of  the  %^alve6,  the  circi 
p<:iaitioii  of  the  muscular  fibrea  gives  place  to  a  more  irregular  dispell 
taking  the  form  of  an  intricate  interlaecment  of  fihrea.     The  extf 
coat  is  composed  mainly  of  white  connective  tissue  with  a  spariDg  ir. 
mixture  of  longitudinal  elastic  fibres,  and  some  longitudinal  and 
bundles  of  plain  miiscidar  tissue.     In  the  thoracic  duct  there  is 
epithelial  layer  (as  in  the  arteries)  ;  and  in  the  middle  coat  th 
longitudinal  layer  of  white  connective  tissue  with  elastic  fibres,  i 
ately  within  the  muscular  layer.    The  muscular  fibres  of  the  middle 
although  for  the  most  part  trausverse  in  direction^  are  nevertheless 
of  them  oblique  or  even  longitudinal. 

The  lai'ger  lymphatics  have  bloodvessels  ramifying  in  their 
coat. 

The  commencing  lymphatics  or  lymphatic  capillarie«,  whether 
plexuBes  or  single  (as  in  the  villi),  have  a  much  simpler  structore,  ' 

wall  being  entirely  formed  of  a 
of  flattened  epithelial  ccMb  either  mk\ 
in  form  to  tnose  lining  the  largijr  ^ 
sels  or  (more  freriuently)  preseaiii? 
a  characteristic  waved  border  like  ti» 
epidermic  cells  of  grasses  and  someothB 
plants  (fig.  1D8). 

Gaakell  describefl  an  attacliment  of 
fibres  to  the  walls  of  the  smaller  lympbtlai^ 
in  some  parts,  and  infere  that  the  p»UM| 
of  the  lumen  of  thcee  vessels  may  \fj 
means  he  re^itored   after  it  has  been 
porarily  obliterated  by  preKure. 

Talires. — The  lymphatic  and 
ted  vessels  are  funijshed  with  valves  serving  the  same  office  as  those 
the  veins,  and  for  the  most  part  constructed  after  the  same 
They  generally  consist  of  two  semilunar  folds  arranged  in  the 
way  as  in  the  valves  of  veins  already  described,  but  deviations  from 
usual  stroctiire  here  and  there  ocdur.  A  differt^ncc  is  found  in  the 
epithelium  uix>n  the  two  surfaces  of  the  valves  similar  to  that  whicb 
has  been  noticed  in  the  valves  of  the  veins. 

Valves  are  not  present  in  all  lymphatics,  but  where  they  exist  the? 
follow  one  another  at  much  shorter  intervals  than  those  of  the  veinSt 
and  give  to  the  lymphatic4?,  when  much  distended,  a  beaded  or  joints 
appearance.  Valves  arc  placed  at  the  entrance  of  the  lympltatic  trunb 
into  tlie  great  veins  of  the  neck.  They  arc  generally  wanting  in  the 
reticularly  arranged  vessels  which  compose  the  plexuses  of  origin 
already  spoken  of ;  so  that  fluid  injected  into  one  of  these  vessels  nnis 
in  all  directions,  so  as  to  fill  a  greater  or  a  less  extent  of  the  pl< 
and  pftsst'S  along  the  separate  vessels  which  issue  from  it. 

The  lymphatics  of  lishes  and  amphilna  are,  generally  spcakiDg, 
tiite  of  valves,  and  mnj  therefore  be  injected  from  the  trunks ;  in  the 
a  few  valves  are  seen  on  the  larger  lacteiils  which  pass  along  the  mesen- 
tery, but  none  on  thost^  in  the  coats  of  the  intestine  j  and  valves  ut 
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EZLITIOX   OF   LYMPHATICS   AXD    CONKECTIYE   TISSUE.     205 
■fc  Im  DumerQiia  in  the  Ijnipliatics  and  lacteal^  of  birdfl  than  in 

^pliOAof  the  lymphatics  of  origin  to  the  cells  ajid  ceU-ap^kees 

E^eiBBACtiTO  tissue.— It  bag  b^eii  already  stated  (p.  58)  that 
■Bi  of  the  connective  tissue  lie  in  spa^^es  in  the  ^ound-snbataiice 
p  Ihej  more  or  less  completely  filL  These  cella  and  cell-spaces 
\  m  DUUiT  parts  an  intercominuni eating  network  of  varying  fineneas 
riiog   tmoaghoQt   the  Bubstance  of  the  tissue  {pg,   VJd^  d,  d. 

Pig.  X09. 
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fig.  199.'2liTmiTB  or  siLim  rRBPAiUTiov  nou  lUBiin^s  omisittuv  (Ktem). 

MAoermza 

IjSjiWili    TtMel  ;  h,  arieiy  ;  f,  eapUlariea  ;  d,  1) ranched  cells  of  the  titmne  Tvliich 
IMi  ti  k«  eowKCtcd  both  with  the  capillary  wallfl,  and,  aa  ftt  e,  with  the  lymphatic 

tOO»  r,  f),  whilst  in  other  parta  the  cells  acquire  a  broad  flattened 
ip  and  joining:  edge  to  edge  with  other  similar  cells  nniy  in  this  way 
i  m  epilbdjoid  piitch  in  tbe  ground  sulistauce.  Not  unlTef|Ut?ntly 
eelli  IB  iOch  a  patch  take  on  tbe  wavy  Ijorder  descril>ed  above 
B€i  with  in  the  lymphatics  of  origin  (&ee  the  iscdated  pat+bes 
197)*  Further^  the  flattened  eella  which  form  tbe  walls  of 
lica  are  connected  here  and  there  liotli  with  the  more 
of  the  tifisoe  (fig.  199,  e)  and  with  those  which  foim 


Fig.  200. — PORTIOH   or   SlROUa   MSStBRAXE   OP   DIAPHRAQK  (PLKURAL)  FROM   TBK   KAH 
TBSATRP   WITH     NITRITE     OK   SILVER     AFTBR     REMOVAL    OF    FUFERFtOIAt 

t^AYER  (Recklinghuti^n). 

e,  r,  ce1l-«rpacc6  of  ilssae  ;  d,  d^  commencing  Ijmphatrk  rcssels  coimected  ai  h,  h,  vill 
the  celI-Hp«cca. 

ties  in  the  ^round-sobataiice  of  the  tissue  containing  flattened  eelli 
which  do  not  form  a  conthiiionfi  vaRcular  wall.  And  nlthonfrh  the 
HpacBS  preaent  a  very  close  relation  to  the  Iym|iliatic  vessels,  thej  can 
hardly  be  conBidered  as  actually  ojx'ning  into  them  l*y  patent  orifice^H 
for  tlie  lymphatii's  iiropcr  have  a  complete  wall  of  flattened  cdfl| 
united  by  a  small  amrmnt  of  intereellidar  substance  ;  at  the  same  tiinr 
this  tbin  film  cfin  offer  but  a  very  ^]h^ht  resisUmce  to  the  passage  of 
fluid  froiu  the  tissue  into  the  vessel,  or  even  to  the  passage  of  leoo"~ 
cytes  or  mi^^atiug  cells,  which »  ns  is  well  known,  penetrate  the  at 
equally  closed  wall  of  the  blood-veesehj. 
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Lymphatic  hearts*-^.  MMler  and  Fanisza,  nearly  about  the  same  ilmt 
independently  of  each  other,  discarered  that  the  lymphatic  system  of  ieptn»| 
fnmi&hed,  at  ita  principal   terminations   in  the  vcnons  syetem,  wit^  i 
muscular  sacs,  which  serve  to  dischargee  the  b'mph  into  the  veins.     Theatt 
which  fu^  named  lymph^hearts^  have  now  bxm  found  in  all  the  differeoi  j 
of  reptiles.    In  frogs  and  toads  two  paire  have  been  discovered,  a  posteriori 
altnAted  in   tho  eciatio  region^  wMch  poor  their  lymph   into  a  brandi  i 
Bciatic  or  of  some  other  neighbouring  vcin^  and  an  anterior  more  deeply^* 
pair,  placed  over  the  tranHversie  pnoeesa  of  the  third  vertebra,  and  opening  s 
branch  of  the  jugnlar  vein.    The  parietea  of  these  sacs  are  thin  and  i 
but  contain  muscular  tiaaue,  which  here  and  tliere  appears  obscurely  i 
decussating  in  dilTerent  layera,  as  in  the  hiood^heart.     In  their  pnlsatioiif  ti 
are  quite  independent  of  the  latter  organ,  and  are  not  cTon  synchronoiii  i 
each  other.      In   palamanderflj  lizards,  serpents^  tortoiecfli   and   turtles,  oatf| 
posterior  pair  hare  been  disooveoned,  which ,  however,  agree  in  all  essential  | 
with  those  of  1^e  frog*    Xjh  the  goosei  and  in  other  species  of  birds  belo 
different  ordera,  Panizza  discovered  a  pair  of  lymph-sacs  opening  into  th«  i 
veins,  and  Stannius  has  since  found  that  these  aacs  have  striated  muscokr  f 
in  their  pariotes.    Kerve-fihres,  both  dark-bwrdered  and  pale^  have  been  > 
in  the  lymph -hearts  of  the  frog,  and  also  nerve-cella  in  thoee  of  the  < 
toi-toise  (Waldeycr),* 

Development  of  lymphatiG  Tessels.^ — The  development  of  lyi 
atic  capillaries  baa  been  studied  by  Klein  in  the  sorous  membranes, 
finds  that  the  process  ia  aimilar  to  tliat  of  the  development  of  i " 
vessels.    A  vacoole  is  formed  with  in  one  of  the  cells  of  the  cfinnecti*! 
tissue,  and  becomes  gradimlly  larger,  so  as  nltimately  to  prodnce  a  mn 
filled  with  fluid,  with  the  protoplasm  of  the  cell  thinned  out  to  formtij 
wall  of  the  vesicle  thus  produced.     From  this  prutoplasraic  wall  i^ 
bud  inwards  into  the  ca\niy,  eventually  becomiotr  detached  as  If 
corpuscles*    Meanwhile  the  nucleus  of  the  cell  has  become  multipli© 
the  resulting  nuclei  are  regularly  arranged  in  the  protoplasmic  wall,l 
now  exhibits,  on  treatment  with  nitrate  of  silver,  the  well-known  mj\ 
epithelial  marbug  characteristic  of  the  lymphatic  capillaries.     To  firm  I 
vessels,  the  vesicles  become  conneeted  with  one  another  by  mean«  of] 
processes  into  which  their  cavities  extend. 

The  celb  Hning  these  lymphatic  vesides^  which  ore  common  in  the  mia>\ 
gOBtdnm  of  the  fn^  and  toad  in  the  winter  Beason  boar,  tn  the  female  of  tibMil 
animals,  cilia  directed  inward b  towardR  the  cavity  of  the  veeicleg.  Ab  die  AfcJ 
velopment  into  vessels  procceda,  the  cilia  disappear  (TQein).  Rcmak.  who  ( 
noticed  these  ciliated  vesicles,  took  them  for  cysts  in  the  membrane. 

Kollilker  has  obeerved  the  formation  of  lymphatics  from  ramiSed  cells  in  t 
tftilB  of  yoimg  aalanuuider-Iarvsa.    He  states  that  the  process  takes  place  i 
in  the  same  manner  as  In  the  case  of  sangnlferons  capillaries  ;  the  only  i 
difference  being,  that  whibt  the  growing  lymphatica  join  ramified  cdls,  i 
thnu  extend  themselves,  their  bmnohe«  veiy  rarely  anaatomose  or  beoamfl  i 
neoted  by  common  icating  arches. 


LYMPSATIO    QULNBS. 

^jmpliatic  glajidfl,  named  also  cmighhak  tjhmds^  and  by  modem 
French  writers  hjmplmik  ganglions,  are  small  solid  bodies  placed  in  the 

•  MUUcr's  dcRcription  is  to  ho  foand  in  the  Philosophical  Transactions  for  I8S 
PaDizrVii  in  a  Rpcciaf  meraoir  on  the  Lymphatic  SystGai  of  Reptiles,  published  is  I 
lamo  year.  For  a  more  Gompkt^;  account  of  the  IvDiphatic  hearts  the  reader  li  igfeijet 
to  the  *'  L*?^oni.  il'AnntoniiB  Gcnrmle,*^  delivered  hy  Prot  Rjinvicr  In  the  CoUdgeds  Ifmu* 
ia  1877-7B,  ami  pohliHhod  in  1880.  A  paper  on  the  same  stihject  by  Mr.  J,  Friettlfj  is 
the  Journal  of  Physiology,  Vol  I.  1878,  mt^j  ailso  be  consaltad. 
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pc/th^  Ijrmpbatics  and  lai*teals,  thron^^li  which  the  contents  of  these 

—    *    pass  in  their  progress  towanls  the  thonicio  or  the  right 

These  l>otlies  are  oollecte<l  in  numbers  alongside  of 

nssuts  of  the  nerk,  and  also  in  the  thorax  and  al>domen,  espe- 

idle  mesent^Tj*  and  alont^ide  of  the  aorta^  vena  cava  inferior,  and 

A  few,  usualJy  of  small  size,  nm  found  on  tlic  external 

fifce  head,  and  considcral>lo  groups  arc  situated  in  tlie  axilla  and 

Home  three  or  four  lie  on  the  popliteal  vessels,  aud  nsuallj  one 

1  m  little  below  the  knee,  but  none  farther  down.     In  the  arm 

ft  foond  as  low  as  the  ell>ow  joint. 

hfmph  of  some  lymphatic  vessels  has  to  ti'a verse  twti,  three,  or 
Ijmphatic  ^dands  before  reach iug  the  thonicic  dnct,  whilst*  on 
baud,   there  are  iymphatics  which  enter  the  thoracic  duct 
[  hariiig  traversed  auy  glaud  in  their  way. 

of  lymphatic  glands  is  very  various,  some  being  not  much 
a  bemjiseed,  and  others  as  large  as  an  ahnond  or  a  kidney 


Fig.  201. 


mJ. 


ir. 


^  201,— DtAamiJfJlATlO  8BCTI0K   OF   LYM?HATrO   OLAJTD   (Sharpej). 

f.  A  tflerent  lymphttticii.     C,  corlicaj  suljstance.     M,  reticulating  cords 
l^anot,     /*  9,  Ijtii^-iinafi ;  f*,  Sltrooa  cont  tenditig  traLecuiiCt  ir^  into 
■Oi  «f  iW  glUMl. 

even  larger  than  this.     In  shape,  too,  they  present  differences, 

of  theoi  are  round  or  ovah 

ftympkaticB  or  lacteals  which  enter  a  gland  are  named  inferenfc  or 

§  (vam  ififerefitia  sen  afffreaiut),  aud  those  which  issue 

it  dhmi  TMela  (vam  eJfWfmtia).    The  atlercnt  vessi^ls  (%.  i20U 

J  fltt  aappnacbhlg  a  gland,  divide  into  nmuy  small  branehcB,  which 

ir  tbe  f^Suad  ;  the  efferent  vessels  commonly  leave  the  gland  in  the  fonn 

bfaodies^  and  at  a  little  distance  beyond  it,  or  Bomctimes  even 
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before  issuinis:  fi'^^^  itf  unite  into  one  or  more  trunks  (^.  r)»  nsiisJ^ 
in  size  but  fewer  in  number  tlmn  those  of  the  iifl'erent  vessels. 

A  lymphatic  gland  is  t^overtfd  extenially  with  a  coat  (figs.  201,1 
composed  of  connective  tissue,  mixed,  in  otrtain  finimals,  witli 
cular  fibre-ceils.  This  coat  or  capsule  dips  into  the  interior  i 
gland  at  the  place  where  the  larger  blood-vessels  and  the  i 
lymphatics  pass  into  and  oat  of  the  organ  ;  and  this  part  of  tlioj 
which  oflen  presenta  a  depression  or  fissure,  is  named  the  hM 
202,  a).     The  proper  substance  of  the  gland  consists  of  two  pd 

torlkal  {^^.  201,    C),    and] 
Fig.  202.  this  the  mtiMhri/  (31 ).    TW 

occupies  all  the  superficial  I 
^W'M^/'^ML^/^JCVj^^       the  gland,  except  the  liilns,^ 

Fig,  202. — SicTioH  OP  A  utLsnvtai 

WKOK       TIIE       ox,       SLIQUTLV      ni 

<KoUii€r).  1 

a,  Hiue  ;  bj  medalkry  sabfitaiMe  j 
tical  afibsUoco  with  indistuiCt  tlfl 

^       ^  the  larger  glands  may  att*ain  i1 

ness  of  one  or  two  millimeterij 
medullary  portion  occupies  the  centre  and  extends  to  the  smface  ^ 
hili!i5*  It  is  most  developed  in  the  inwardly-seated  glands,  such) 
lumbar  and  meaeutenc,  whilst  in  the  subcutaneous  glands  it  A 
encroached  apon  by  the  connective  tissue  which  enters  with  the 

Kg.  303.  - 


•rtVis 


ii^^^^ 


t^ 


^ 


is.- 


10^^ 


Fig.  203>— Sectioh  of  a  uwssKmso  Ghunt  ot  tsh  ox  (mAgmfied  12  dinaf 

After  Hi*. 

The  Boctton  includes  A  xw'rtion  of  the  ccrtical  part,  A^  in  its  whale  depths  uidl 
porticjQ  of  tijo  lidjoinmg  mediiUary  part,  B  ;  r,  r^  outer  coat  or  c&psole  sencUlkg  j 
idto  the  cortlcaJ  xiart,  cvetitaaiij  fonmingthe  trabcGulflc^  d  t,  whicli  ans  lera  mostly  fl) 
dt  d,  the  glantJular  sabstaucc  forming  n  ml  ales  in  tbo  cortical  |iart.  A,  and  roi 
cords  in  tKe  meduBorjf  xjart,  B ;  If  I,  lymph-suiuA  or  l^inph^chiuLiiiitj  left  while. 
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fl-vessels  at  the  hilns,  and  Barrounds  them,  together  with  the  Ijmph- 
riSy  in  the  centre  of  the  gland,  so  that  in  these  the  medallaiy  part  is 
|bed  to  a  layer  of  no  great -thickness  bounding  inwardly  the  cortical 

hroughout  both  its  cortical  and  medullary  part  the  gland  is  pervaded 
ttral^alar  frame-work  which  incloses  and  supports  the  proper  glan- 
t  snbstance.  The  trabeculae  pass  inwards  from  the  capsule  (fig.  203). 
f  oonsisty  in  the  ox  and  most  animals,  chiefly  of  plain  muscular  tissue  ; 
lan,  of  connectiTC  tissue,  sparingly  intermixed  with  muscular  fibre- 
,  In  the  cortical  part  they  are  mostly  lamellar  in  form,  and  divide 
DBce  into  small  compartments,  alveoli^  from  ^  to  ^^  of  an  inch  wide, 
b  communicate  laterally  with  each  other  through  openings  in  the 
rfect  partitions  between  them  (fig.  203,  a).  On  reaching  the 
unary  part  the  trabeculae  take  the  form  of  flattened  bands  or  cords, 
by  their  conjunction  and  reticulation  form  a  freely  intercommuni- 
vg  mesbwork  throughout  the  interior.  (In  the  figure  they  are  repre- 
3d  meetly  as  cut  across.)  In  these  alveoles  and  meshes  is  included 
pxoper  glandular  substance,  which  appears  as  a  tolerably  firm  pulp 
MKrenchyma,  agreeing  in  nature  with  lymphoid  tissue.  Within  the 
oli  of  the  cortical  pwl;  this  forms  rounded  nodules  (fig.  203,  a,  d)  ; 
he  trabecular  medbes  of  the  medullai-y  part  it  takes  the  ^ape  of 
Hied  cords  {lymphoid  cords)  joining  in  a  corresponding  network 
.  203,  Byd);  and,  a&  the  containing  meshes  inter-communicate,  so  the 
temed  gland-pulp  is  continuous  throughout.  But  both  in  the 
ical  alveoles  and  the  medullary  trabecular  meshes,  a  narrow  space, 
white  in  the  figs.  (fig.  201,  /.  s  ;  203,  ly  I)  is  left  all  round  the 
ad-pulp,  between  it  and  the  alveolar  partitions  and  trabecular  bauds, 
J  what  would  be  left  had  the  pulp  shrunk  away  from  the  inside  of  a 
old  in  which  it  had  been  cast.  This  space  is  both  a  receptacle  and 
hannel  of  passage  for  the  lymph  that  goes  through  the  gland ;  it  is 
ned  the  lymph-sinus,  or  lymph-channel.  It  is  traversed  by  reti- 
m  connective  tissue  (figs.  204,  a ;  205,  c,  c),  in  which  the  nuclei  of 

.  204.— Thin    gicnoir    FEoai  Fig.  204. 

HI      OOETICAL      PABT       OF     A 
•TXPHATIC  GLAHD,    UkOnWlXD, 

HiL) 

I,  &,  network  of  fine  trabecnlae 
aed  by  retiform  or  adenoid 
Rie^  from  the  meshes  of  which 
ijinph-corposcles  have  been 
ihed  out,  except  at  c,  where 
fare  left. 

ramified  cells  are 
stly  apparent,  and  is 
d  with  fluid  lymph,  oon- 
ling  many  lymph-cor- 
cles,  which  may  be 
bed  out  from  sections  of 

^and,  so  as  to  show  the  sinus,  while  the  firmer  gland-pulp,  which  the 
18  surrounds,  keeps  its  place.  The  proper  glandular  substance  is 
pervaded  and  support^  by  small  but  fine  retiform  tissue,  mostly 
-nucleated  (fiigs.  2(>4,  J,  205,  a),  communicating  with  that  of  the 
rounding  lymph-sinus,  but  marked  off  from  it  by  somewhat  closer 

p  2 
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reticulation  at  thyir  mutual  bonndarj,  not  so  close,  however,  as  t»j 

vent  fluids,  or  even  corpuBclcB,  from  passing  from  the  one  to  thtd 
The  ^diuid-pulp  is  made  up  of  densely  packed  Ijmplioid  cells,  occupjii 
inteMioes  of  its  supporting  retifonn  tissue,  and  ia  traversetl  by  aai 
dimt  network  of  capillary  blond-vessels  {d,  tl),  which  run  thn^ 
the  proper  i^Iandular  pulp,  both  cortical  and  niedulliiry,  but  do  I 
into  the  surrouudint^  lynipii*sinus.  The  lymphoid  L^jlk  of  the  ^ 
pulp  are  similar  in  their  general  appciu-auce  to  white  blood*  or  l]i 
corpuscles,  except  that  their  nncleua  m  relatively  larger,  and  their f 
plasm  much  smaller  in  amount. 

Fig*  205. 


A 


V>r. 


V 


Fig.    205. — SkCTIOR     of    the     MEt>ULLARY     SrcsTAS^n     OF     A     LTMPHAMC     (lLiK»    («i^J 

300  WAJTETRUS.     (Reckiinghausen.) 
a,  a,  fl,  fulliciilar  or  lympboiil  cords  ■  c,  lymph-sinus  j  b,  6,  trabecabe ;  f ^  <!,  1 
vesiaelA. 

The  ramified  cells  of  the  retifonn  tissue  of  the  lymph-sinus,  which  otoft  ' 
contain  a  consideialile  number  of  pin^meut-jrranulei,  enclose  fine  anasUr 
mosiug  bundles  f>f  connective  tissue  fihnLs  which  are  coutinoed  from  tb<* 
trabeculic  and  from  the  capsule  across  the  lymph-channel  (Bizzoi& 
and  pervade  the  whole  of  the  glandular  pnl[i  with  a  fine  network, 
trabeculjc  theniselves  have  a  coveriup^  of  flattened  cells,  which  on 
side  turned  towards  the  lymph-channel  are  provided  with  procesae*! 
anastomose  with  those  of  the  retiforra  tissue.    The  inner  surface  of  the 
capsule  ia  also  lineal  with  flattened  cells,  which  are  continuous  bI  the 
entrance  and  exit  of  the  lymphatics  with  the  cpithdium  of  those  Teesek 

According-  to  Bizzozero  there  is  also  a  complete  layer  of  iattened  oeH*  to  U» 
glandalar  pal|>. 


LYMPHOID    OEGANS.  213 

Arteries  enter  and  veins  leave  the  gland  at  the  hilus,  surrounded,  in 
B  glands,  as  already  said,  with  a  dense  investment  of  connective  tissue. 
I  arterial  branches  go  in  part  directly  to  the  glandular  substance,  but 
ijr  run  along  the  trabecule.  The  former  end  in  the  glandular 
Iwry  network  above-mentioned,  from  which  the  veins  begin,  and 
1  to  the  hilus  alongside  the  arteries.  The  branches  which  run  along 
trabecolae  are  partly  conducted  to  the  coat  of  the  gland  to  be  there 
ribated  ;  but  most  of  their  branches  pass  to  the  glandular  substance, 
connective  tissue  of  the  trabeculsD  which  ensheaths  them  passing 
lnally  into  the  lymphoid  tissue  of  the  pulp,  so  that  this  at  first 
»rs  as  a  sheath  to  the  arterial  branch  (as  in  the  spleen).  The 
>r  soon  however  breaks  np  into  capillaries  which  ramify  in  the 
id-pnlp,  supported  by  its  pervading  retiform  tissue,  which  forms  an 
itional  adventitious  coat  around  the  minute  vessels. 
kS  to  the  Ivmphatics  of  the  gland,  the  afferent  vessels,  after  branching 
upon  and  in  the  tissue  of  the  capsule,  send  their  branches  through 
>  c^ien  into  the  lymph-sinuses  of  the  cortical  alveoli,  and  the  efferent 

E8  begin  bv  fine  branches  leading  from  the  lymph-sinuses  of  the 
part,  ana  forming  at  the  hilus  a  dense  plexus  of  tortuous  and 
K)king  vessels,  from  which  branches  proceed  to  join  the  larger 
rent  trunks.  The  lymph-sinus,  therefore,  forms  a  channel  for  the 
■ge  of  the  lymph,  interposed  between  the  afferent  and  efferent 
mhatics,  commumcating  with  both,  and  maintaining  the  continuity 
£e  lymph-stream.  The  afferent  and  efferent  vessels,  where  they  open 
)  the  lymph-sinus,  lay  aside  all  their  coats,  except  the  epithelial  Hniug, 
ich  is  continued  over  the  trabecules  and  the  interior  of  the  capsule. 

%  is  not  unreasonable  to  presome  that,  in  the  proper  glandular  snbstance,  there 
k  wwttnnal  production  of  lymph-corpoacles,  which  pass  into  the  lymph-sinus, 
1  that  fresh  coipuscleB  are  thus  added  to  the  lymph  as  it  trayerscs  the  gland. 
h  Tiew  is  sai^ported  by  the  fact,  that  the  corpuscles  are  found  to  be  more 
uidsnt  in  the  lymph  or  chyle  after  it  has  passed  through  the  glands. 
Ofher  organs  composed  of  lymphoid  tissne.—Bodies  which  are  so  far  similar 
itractore  to  lymphatic  glands  that  they  are  composed  of  a  retiform  tLssue,  the 
tetBtioes  of  which  are  closely  packed  with  lymphoid  cells,  and  are  in  intimate 
Ittion  with  the  lymphatic  vessels  of  the  part,  occur  in  many  places.  Thus, 
the  serous  membranes,  rounded  nodules  are  here  and  there  met  with,  which, 
JQein  has  shown,  are  developed  either  around  or  at  one  side  of  an  en- 
ged  lymphatic  (perilymphangial  nodule,  fig.  206,  A),  or  in  some  cases  even 
diin  the  vessel  (endolymphangial  nodule,  fig.  206,  B).  The  retiform  tissue 
ich  constitutes  the  framework  of  the  nodule  is  connected  with  the  flat  cells 
ning  the  wall  of  the  lymphatic,  and  lymphoid  cells  acciimulate  in  the 
ntices  of  the  retiform  tissue. 

he  endolymphangial  nodules,  although  small  and  simple  in  structure, 
dy  recaU  the  structure  of  one  of  the  cortical  nodules  of  a  lymphatic  gland  ; 
a  path  or  channel  for  the  passage  of  lymph  is  left  between  the  centi-al 
unnlation  of  lymphoid  tissue  and  the  wall  of  the  vessel,  this  path  being 
ged  across  by  branched  cells  of  the  retiform  tissue  ;  and  along  it  the  lymph 
t  pMm  very  slowly,  and  come  into  intimate  relation  with  the  tissue  of  the 
die.  In  other  cases  the  lymphoid  tissue  of  the  serous  membranes  is  less  cir- 
scribed,  occurring  in  the  form  of  ill-defined  patches  or  elongated  tracts, 
:h.  lie  along  the  course  of  the  small  arteries  and  veins,  receiving  from  the 
ar  branches  which  form  a  capillary  network  within  the  tissue. 
I  mncons  membranes,  especiaUy  that  lining  the  alimentary  canal,  con- 
oons  lymphatic  nodules  are  met  with  in  various  parts,  and  here  they  have 
L  long  known.    They  occur  either  singly,  as  in  the  so-called  solitary  glands 
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of  th(^  inte^ine,  or  col]eot«d  into  groups  as  in  tvhe  agminated  glands  or  | 
Feycr.  or  into  thick  maa^es  oa  In  the  tonsils.  In  most  of  these  cases  the  i 
sphencal  or  dome-tihaptHl  condenwitions  of  the  lymphoid  tissoB  whkib  i 
larg&ly  in  tlie  sutotauce  of  tho  niiicou&  membrane,  on  the  surface  of  whi* :i  i  At^% 
caxise  a  diistinut  proramence  ;  they  are  usually  found  to  lie  in  close  i« ! 
the  lymphatics  of  the  membrane,  tniing  either  partially  purrounded  by  a  iam^ 
like  Ijmphatic, or  encircled  by  a  plexUvN  of  l^inphatic  \  ttiscL'^.    In  the  mucoc? b 
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Fig*  206»^Dnn8i*opiKo  vnTPskna  (LmpnAKntAL)  »odulm,  from  tbk  om 
OF  A  aniNEA-pi<i  iKIeia). 

A,  Peril ym pi latic  ncMhile  ;  «,  lyinpliatic  veawjl ;  c^  yjji  of  its  epithelial  will,  i 
o[>ticnl  Boction  ;  c,  lyniph-corpiisoles  witbin  the  vasaeil ;  l>,  lymphoid  tissue  of  tbc  f 
rf,  blocKl-cupilljiricfl.     l\  Endolymphatic  nodule  ;   rt,  Teiii ;  i»  artery  ;  r,  capilliriei; 
lyraphAtic  vejwel,  in  which  this  whole  «jatem  of  blood-vessela  i*  inclosed  ;  r, 
tiMiie  within  the  lymphatic  vessel ;  /,  wall  of  the  lymphatic  in  opticnl  section. 

hrarte  of  the  bronehial  tubes  nodules  are  met  with  which  are  quite 
those  of  tho  Berous  membranes.     In  the  spleen,  tracts  of  lymphckid  t 
]ymphutic8    in  connexion   with  them,   en h heath   the   emaUer  Arteries  lad  I 
dilated  at  certain  jiointe  into  distinct  nodiiJes  which  have  here  long-  been  1 
an  the  Malpighian  corpuscles  of  the  spleen.    Lastly  the  thymus  gland  eeenis  tol 
chiefly  composed  in  the  yoimg  »ubj€*ct  of  a  collection  of  lymphoid  tiasne.altl 
in   the  ndult  it  is  ujsually   found  to  have   become  transformed   into 
tissue* 

The  further  description  of  these  lymphoid  Ktmctnree,  will  be  deferred  uniO  (b 
several  organi}  where  they  occur  are  Bystematically  treated  of 


SEROUS     MEMBBAIOIS. 

The  B^poiiB  membranes  are  bo  named  from  the  apparent  nature  of  ( 
fluid  witli  wliicli  their  eiirface  h  raoistened.    Thej  lie  in  cavttiee  of  I 
body  Miueh  liave  no  olnioua  ontlet,  and  the  chief  examples  of  tbem 
the  peritoneum,  tlie  brt^est  of  all,  lining  the  cavity  of  the  abdomen ; 
two  pleural  and  the  pericardium  in  the  chest ;  and  the  tunica 
aurmunding  each  of  the  teBticlcs  within  the  scrotmn. 

The  arachnoid  membrane,  which  is  a  delicate   connective-tissne 
Burrounding  tlie  brain  and  ftpinal  marrow  in  the  bony  cavities  in  whidi  tii^i 
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innerly  reckoned  amount  the  serous  membraiies ;  btit  neither  in 
btaili  of  its  Ftmctare.  in  its  general  dis|iosition,  nor  in  its  development  doe<! 
iMpond  with  the  other  !»eroiL9  membnmes.  It  is.  therefore^  no  long^crcln^ssed 
liieiii,  bat  will  be  d^aciribed  with  the  other  membranes  investing  the  brain 
pijDAl  cofd. 

rm  mnd  azraagemeiit^ — In  all  cases  a  serooR  membrane  ha»  tlie 
f  if  a  closed  sac,  mie  piirt  of  which  is  applied  to  the  walls  of  the 
f  whicli  it  lines,  the^weV/rti  pcjrtion  ;  whilst  the  otiier  ie  reflected 
the  sni-face  of  the  organ  or  organs  contained  in  the  eavitj,  and  is 
fore  named  the  rejiected  or  rkctml  portion  of  the  membrane. 
e  the  visoera  in  such  cavities  are  not  contained  within  the  sac  of 
ierons  membrane,  but  are  really  placed  behind  or  outside  of  it  ; 
ng  to  pu&h  inwardB  the  part  of  the  memhmne  which  immediately 
B  theuiy  Bome  organs  receiving  iii  this  way  a  complete,  and  others 
ft  partial  and  Bometimes  very  scanty  iovestment. 
passing  from  one  part  to  another,  the  membrane  frequently  forms 

which  in  general  receive  the  appeUation  of  ligaments,  as,  for 
pie,  the  folds  of  peritoneum  passing  between  the  liver  and  the 
|eB  of  the  abdomen,  but  which  are  sometimes  designated  by  special 
H^  as  in  the  instances  of  the  mesentery,  mesocolon,  and  omentum* 
iie  peritoneum  in  the  female  sex,  is  an  exception  to  the  rule  that 
IS  membranes  are  perfectly  closed  sacs,  inasmuch  as  it  has  two 
lings  by  which  the  Fallopian  tubes  communicate  with  its  cavity. 

sen:>as  membrane  somefciraes  Hues  a  fibrous  mcnihraoej  as  where  the 
OS  layer  of  the  pericardium  adheres  to  its  outer  or  fibrous  part, 
1  a  combination  is  often  named  a  fibro-serotis  membrane. 
he  inner  surface  of  a  serous  membrane  ia  fn;e,  smooth,  and  polished  ; 
,  as  would  occur  with  an  empty  bladder,  the  inner  surface  of  one 
i  of  the  sac  is  applied  to  the  corresponding  surface  of  some  other 
1 ;  a  small  quantity  of  fluid,  usually  not  more  than  merely  moistens 

conti^ous  surfaces,  being  interposed.  The  parta  situiited  in  a 
tty  lin^  by  serous  membrane,  being  themselves  also  covered  by  it,  ciin 
I  glide  easily  against  its  parietes  or  upon  each  other,  and  their 
ion  is  rendered  smoother  by  the  lubricating  fluid. 
"he  outer  surface  most  commonly  adheres  to  tlic  parts  which  it  lines 
x>ver»,  the  connection  being  offccte<l  by  means  of  areolar  tissue, 
led  therefore  "  sulj^eroos,'*  which,  when  the  membrane  is  detached, 
9  to  ite  outer  and  previously  adherent  surface  a  flocculent  aspect. 

degree  of  firmness  of  the  connection  is  very  variona  :  in  some  parts 
membrane  can  scarcely  Ije  separated  ;  in  othei*s,  its  attachment  is  so 
IS  to  permit  ea^  disphicemenfc. 

fcrmcture  ajid  properties. — Serous  membranes  are  thin  and  transpa- 
,  so  that  the  colour  of  subjacent  parts  shines  through  them.  They  arc 
jUj^Wtiong^  with  a  moderate  degree  of  extensibility  and  elasticity. 
f  are^ned  on  the  inner  surface  by  a  simple  epithelial  layer  of  flat- 
i  cells  (fig.  207),  each  of  which  contains  a  round  or  oval  nucleus 

one  or  two  nucleoli,  and  sometimes  an  intranuclear  network.  The 
have,  according  to  Klein,  a  comparatively  coai-se  network  of  minute 
[g  embedded  in  the  otherwise  clear  cell-substance.  The  outlines  of 
3ells  may  readily  Ix?  brought  into  view  by  treatment  with  nitrate  of 
r.     The  lines  of  junction  of  the  cells  which  are  thus  made  evident, 

be  straight  and  even,  but  are  most  commonly  slightly  jagged  or 
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Bimious.     Here  and  there  between  the  cells  apertures  are  to  be^ 
wliieh   arc   of  two   kinds.     The   enmller,    whieh    are    ako   tk 
numerous,  are  oecupied  either  by  an  aeeumulation  of  the  iut^ 
suhstanee  or  by  processes  which  are  sent  up  to  the  surface  of  the  I 
brane  from  more  deeply  lvin«^  cells  (pnemiosfmtmta^  Klein  and  F 
Sanderson)  :   the  lar^^^er  ones,  on  the  other    irnnd,  are    true 
{sfomakt),  which  are  gunonuded  by  a  ring  of  small  cubical 
208,  »,  s),  and  open  into  a  subjacent  lymphatic  vi^ssel,  either  i 
or  by  the  meditmi  of  a  short  canal  imed  with  sbailar  cells.     The  i 
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Fig.  207. — ^PORTIOS     OF    EPITBEUUM     OP     PKBlTtJJfEUM     PROM     XJUPSRAOM     Of 

(Klein), 
rt,  larger  ceJk     i.  sraaller  onea,  witli  here  mini  there  a  psendoBtoiiui  betweou  * 


cells  of  the  serous  luemlirane  are  not  everywhere  unifomi  in  size  {Hf^,  201 
but  patches  are  here  and  there  met  with  in  which  they  arc  emaHer  tf 
more  jijauuhir  in  iJppeiirance  and  it  is  in  these  parta  that  the  Btona 
and  pscudostomata  are  moi'e  frequently  seen.  The  epitfieliuin-ccils 
the  memhrane  often  present  a  somewhat  radiated  aspect  near  t 
stoma ta»  the  silver  lines  conversfincr  towards  the  orifice.  Act^ording 
Klein,  it  is  not  unfretpient  to  find  evidencei^  of  proliferation,  especii 
in  the  neighbourhood  of  the  etomata  and  pacudostomata,  cells  being:  Q 
with  containing  two  or  even  many  nuclei,  and  Cfthers  which  are  bei 
budded  off  from  the  epithchum-cells  of  the  membrane  iu  the  foim 
amoeboid  lymph -corpuficles.  M 

The  (!tomata  were  lUscoverod  m  the  peritoneal  covering-  of  the  centzal  tmd 
of  the  diaphragin  by  KccklinghaiiBen,  who  foiuid  tliat  milk-globules  ootiM 
tnndc  to  pass  throug^h  them  into  the  lymphatics.  iSimUar  apertunos  weie  fol 
by  Ludwig  and  Dybkoweky  in  the  pleura  of  mammals,  and  by  8chweigg«ff-Sd 
and  Dogiel  in  the  e^eptum  between  the  peritoneal  cavity  of  the  frog:  ft&d  the  fi 


SEBOUS   MEMBRANES. 


217 


i-sac  (cistenui  magna)  behind  it    They  have  since  been  disooyered  on  the 
by  Klein,  bat  have  not  hitherto  been  ehown  to  exist  in  the  pericaidiom 
in  the  tunica  yaginalis. 

LC  substance  of  the  membrane  underneath  the  epithelium  is  com- 

of  a  cx>nnective  tissue  ground-substance  in  which  is  a  variable 

t  of  fibres,  both  white  and  elastic  ;  the  latter  in  many  serous 

branes,  as  remarked  by  Henle,  are  principally  collected  into  a 

layer  near  the  surface.     The  buncues  of  white  fibres  are  also 

nged  in  a  reticnlar  manner,  frequently  uniting  with  one  another, 


^^ 


208. — Shall  pobtioh  of  PEBiromEAL  burtace  of  diaphraox  of  babbit  (Klein). 

Magxified. 


/,  lymph-channel  below  the  surface,  lying  between  tendon  bundles,  ^  t,  and  over  which 
tile  nir^ce-cells  are  seen  to  be  reUitiTely  smaller,  and  to  exhibit  five  stomata,  S^  S, 
ieading  into  the  lymphatic.  The  epithdinm  of  the  lymphatic  channel  is  not  repre- 
ttoted. 

and  the  meshes  of  the  reticulation  which  they  form  are  occupied  by 
the  ground-substance  of  the  membrane,  and  bridged  over  by  the 
epithelium-cells  of  the  general  surface.  In  some  folds  of  the  serous 
membranes  and  especifdly  in  the  great  omentum  of  many  animals, 
inclnding  man,  the  meshes  of  the  reticulation  have  become  open  in  many 
parts  owing  to  the  absorption  of  the  intervening  ground-substance,  so 
as  to  allow  of  a  free  communication  between  the  two  sides  of  the  fold  of 
membrane.  In  these  places  the  epithelium-cells  of  the  surface  are  applied 
to  the  anastomosing  connective  tissue  bundles,  and  folded  round  them 
so  as  to  bound  the  apertures  between  the  two  surfaces.  Where  the 
membrane  is  thicker,  the  ground-substance  contains  bloodvessels  and 
lymphatics,  with  the  lymphoid  and  adipose  tissue  which  is  often 
lound  in  the  serous  membranes  and  especially  in  their  folds  ;  as  well  as 
connective  tissue  corpuscles  with  their  corresponding  cell-spaces  (figs. 
199,  200),  which  in  tne  serous  membranes  are  very  often  collected  into 
epithelium-like  patches.    In  parts  of  the  membrane  in  which  the  cor- 
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puscles  arc  more  thinly  scattered,  they  possess  brancbinjT  pr^-^o 
some   of   which   intcrajminwnicate  with   those   of   ueighbomr 
others  may  pass  up  to  the  eiirfaccj  of  the  membrane  as  pseiid^ 
and  others  again,  become  connected  to  the  walls  of  the  Ijmphaticii 
blood-vessels. 

In  the  human  subject,  the  serous  membranes  appear  to  be 
xindi^r  the  epithelium  by  a  distinct  bascmeot  membrane  (Bizziizerc*)- 

The  bload-TesBels  of  the  membrane  end  in  a  capOlary  network  i 
comparatively  wide  meshes,  which  pervades  tlie  subserous  tissue  andU 
tissije  of  the  serous  membrane.    The  vessels  arc  much  more  nnmerMil 
the  nodules  and  tracts  of  lymphoid  tissue  (see  below)  as  well  as  in 
adipose  tissue,  which  is  found  largely  developed  in  the  serous  memb 
of  fat  animals. 

The  lymphatics  of  the  serons  membranes  are  exceed  in  n:ly  abn 
Their  relation  Ixjth  to  the  cell-spaces  of  the  tissue  and  to  the  sa 
of  the   mtmbrane.   im  well  as   their  general    airangement,    has 
already  notic^jd.    They  are  sometimes  met  with  ensheatliing  the 
yessels, 

IrytuphQid  tisane.^Xodules  of   this  tissue  occur,  as  before 
tioned   (p,  218),  in   the   snbstanee  of  the  s^roua  membranes, 
generally  the  lymphoid  tissue  of  the  serous  membranes  takes  the 
of   elongated    tracts  wdiich   follow  the   course    of    the  small 
and  veins,  receiving  from  the  latter  branches  which  divide  to 
cajjillary  network.      Lymphatic   vessels   run  in  these  tracts  aloag 
the  blood-vessels,  and  often  partially  enclose  them.     These  lymp 
nodules  and  tracts  are  more  numerous  in  the  young  animal ;  in  i 
adidfc  they  are  frequently  found  transformed  into  iobnles  and  tracts  (f  I 
adipose  tissue. 

The  nenres  of  the  serons  membranes  are  destined  chiefly  for  tk 
blood-vessels,  and  for  the  most  part  aecomnuny  these  in  their  coum  L 
A  Jew  pale  hbrcs,  however,  are  distributed  to  the  substance  of  fty 
membrane,  m  which  they  form  a  ]dexiis  with  large  meshes ; 
branches  of  this  plexus,  tibriis  may  be  traced  which  nuite  into  a  i 
what  iiiicr  plexus  near  the  surface. 

Becent  Llteratnro  of  tliG  liymphatlc  System.  On  Lymph.itic  Tcssola : — JMIUf- 
kauactf,  in  Strieker's  HantUjook,  1871  j  J.  Aj-nohl,  in  Yirch.  Arch»,  LXIL,  1874  ;  f^ 
JQ  Yirdi.  Arch.,  LXV.,  1^7^  ;  Tarr/ianof^  in  An:b.  do  physioL,  1875;  J^^wnntiu;,  il 
Arch,  t  mikr.  Amat.,  Xlb,  1S76  ;  Gagkdl,  in  ArL  d.  phyeiioL  Aimt.  in  Leiptig,  187*; 
Ihiffidt  in  Arch,  1  mikr*  Aimt.,  XVIL,  1879. 

On  Lytnplintic  Glonda  -.^Bmosero,  ia  Moleecbott'a  Unien,,  XIL  167$  ;  Lodi^  in 
Biv.  din.,  1876. 

On  Serous  Membranes -—iT/nn  ct  Burdon  i?an(/fr*<w»,  in  Med.  Genindbb,  1S71; 
KJ^in,  in  Quarts  J.  Alien  Sci.  XIL,  1872  (ciliated  rcaidwi  in  frog*»  peril);  "Ht 
8orou8  Mcmhmncs/'  1873;  and  in  Qn.  J.  Mier.  Sci.,  1877  {on  th©  otnefttttsi) ; 
Biiztntro,  in  Med.  Centnilbl.,  1S74  ;  {with  Saivioli)  in  Arcli,  p.  le  bcL  inctL,  I87d,  «»i 
1877. 

SYKOVlAIi    MEMBBAiraS. 

These  are  connective  tissue  memlirancs  which  are  found  snrrnnndin 
closed  caTities  m  connection  with  moveable  Btructures  in  certain  part%l 
such  as  the  joints,  the  elonj^ated  sheaths  in  which  some  tendons  glide 
and  at  varions  situations  between  the  skin  and  bony  prominences  belon 
it.     Althouj^h  they  reseml>lo  serous  membranes  in  some  respects,  thfld 
synovial  membranes  ore  distinguished  by  the  natui^  of  their  eccretiQD» 
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is  a  viscid  glairy  fluid  resembling  the  white  of  an  egg,  named 
' .   From  its  nature  it  is  well  adapted  for  diminishing  friction,  and 

fecilitating  motion. 

^drop  of  synovial  fluid  be  examined  microscopically,  it  is  found  to 

sin  ( in  addition  to  fat-molecules)  a  few  amoeboid  corpuscles,  as  well 

'Us  similar  to  those  which  occur  on  the  projections  of  the  membrane. 

lie  different  synovial  membranes  of  the  body  are  referred  to  three 

viz.,  articulaTy  vaginal,  and  vesicular^  or  bursal 

Azticiilar    vyiuririal    memliranes,    or   Synovial   capsules   of 

\ — These  by  their  synovial  secretion  lubricate  the  cavities  of  the 

'^— dial   articulations,  that  is,  those  articulations  in  which  the 

sur&ces  glide  on  each  other.    In  these  cases  the  membrane 

be  readily  seen  covering  internally  the  surface  of  the  capsular  and 

r  ligaments  which  bound  the  cavity  of  the  joint,  and  affording  also 

investment  to  any  tendons  or  ligaments  which  pass  through  the 

■  mlar  cavity,  as  in  the  instance  of  the  long  tendon  of  the  biceps 

cle  in  the  shoulder-joint     On  approaching  the  articular  cartilages 

membrane  does  not  pass  over  them,  but  terminates  after  advancing 

t^t  a  Httle  way  on  their  surface,  with  which  it  is  here  firmly  adherent. 

e  Sjrnovial  membranes,  therefore,  do  not  form  closed  bags  lying  between 

\  articular  cartilages  as  was  supposed  by  the  older  anatomists,  for  the 

part  of  the  surfaces  of  the  joints  are  not  covered  at  all  by  the 

abrane,  nor  even  by  a  layer  of  epithelium-cells,  prolonged  from  the 

abrane,  as  some  have  descnbed. 

In  several  of  the  joints,  folds  of  the  synovial  membrane  pass  across 

.  'tile  cavity  ;  these  have  been  called  synovial  ligaments.    Other  processes 

^  the  membrane  simply  j)roject  into  the  cavity  at  various  points.   These 

•le  very  generally  cleft  into  fringes  at  their  free  border,  upon  which 

:    ttieir  blood-vessels,  which  are  numerous,  are  densely  distributed.    The 

larger  folds  and  processes  often  contain  fat,  and  then  are  sufficiently 

obvious ;  but  many  of  the  folds  are  small  and  inconspicuous. 

The  fringed  vascular  folds  of  the  synovial  membrane  were  described 
ly  Havers  in  1691,  under  the  name  of  the  mucilaginous  glands,  and 
he  regarded  them  as  an  apparatus  for  secreting  synovia.  Rainey  found 
that  these  Haversian  fringes,  as  they  are  sometimes  called,  may  exist 
in  all  kinds  of  synovial  membranes,  and  that  from  the  primary  vascular 
fringes  other  smaller  secondary  processes  are  sent  off,  into  which  no 
blwS-vessels  enter. 

2.  Vaginal  vyiumal  membraiies  or  Synovial  slieaiJis. — These  are 
intended  to  facilitate  the  motion  of  tendons  as  they  glide  in  the  fibrous 
sheaths  which  bind  them  down  against  the  bones  in  various  situations. 
The  best-marked  examples  of  such  fibrous  sheaths  are  to  be  seen  in  the 
hand  and  foot,  and  especially  on  the  palmar  aspect  of  the  digitd 

fhalanges,  where  they  confine  the  long  tendons  of  the  flexor  muscles, 
n  such  instances  one  part  of  the  synovial  membrane  forms  a  h'ning 
to  the  osseo-fibrous  tube  in  which  the  tendon  runs,  and  another  part 
affords  a  close  investment  to  the  tendon.  The  space  between  these 
portions  of  the  membrane  is  lubricated  with  synovia  and  crossed 
obliquely  by  one  or  more  folds  or  duplications  of  the  membrane  named 
"  fraena,"  in  some  parts  inclosing  a  considerable  amount  of  elastic  tissue 
(Marshall). 

3.  Vesicular  or  Bnrsal  synovial  membranes.  Synovial  burscc. 
Bursa  mucosa. — In  these  the  membrane  has  the  form  of  a  simple  sac. 
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interposed,  so  as  to  prevent  friction,  between  two  sorSEboet  ■ 
move  upon  each  other.  The  synovial  sac  in  such  cases  is  Ihl 
and  has  its  two  opposite  sides  in  apposition  by  their  inner  §■ 
which  is  free  and  lubricated  with  synovia,  whilst  the  outer  8ari| 
attached  by  areolar  tissue  to  the  moving  parts  between  which  thofl 
placed. 

In  regard  to  situation,  the  bursas  may  be  cither  deep-seated  or 
tancoiis.  The  former  are  for  the  most  part  placed  between  a  mi 
its  tendon  and  a  Ijone  or  the  exterior  of  a  joints  less  common!?  b 
two  muscles  or  tendons:  certain  of  the  bursas  situated  in  ue 
bonrhood  of  joints  not  unfrequentlv  open  into  them.  The  snbciiM 
bursae  lie  immediately  under  the  skin,  and  are  found  in  various 
of  the  body  interi)osed  between  the  skin  and  some  firm  prond 
beneath  it.  The  large  bursa  situated  over  the  patella  is  a  well* 
example  of  this  class,  but  similar  though  smaller  bursas  are  foui 
over  the  olecranon,  the  malleoli,  the  knuckles,  and  various  other 
minent  parts.  It  must,  however,  be  observed  that,  among  theie  Si 
taneous  bursas,  some  are  reckoned  which  do  not  always  preaevi 
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Fig.  209. — Ramifikd  cossectivi-tissuk  corpcsclks,  from  iRncukiB  fTvoru 
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Flo'.  210.— Portion  of  the  surface  of  a  vaoi.val  stxovial  xeubraxb,  Afffl 

TREATMENT   WITH    MTRATE   OF   SILVER.       2.''»0   MAMETKRiJ    (E.A.S.). 

The  ccll-Mpaccs  of  the  tissue  and  the  nuclei  of  the  contained  ccUs  onlj  arc  miimi 
r,  eiiithelioid  arrungement  of  celU  ;  t,  ramifie«l  cells. 

charactcra  of  true  synovial  sacs,  but  look  more  like  mere  recesses  in 
subcutaneous  areolar  ti.^isue,  larger  and  more  defined  than  the  ne 
Iwuring  are<»laN  but  still  not  bounded  by  an  evident  synovial  memfar 
These  may  l)e  looked  on  as  examijlcs  (•!*  Icfw  develoixKi  structore,  ft 
ing  a  transition  between  the  areolar  tissue  sjmces  and  perfect  syno 
cavities. 


STUUCTURE. 


nctnre  of  synovial  menilarajies. — The  B}^OTiQj  merobmnes  are 

Ed  entirely  of  coaDoctivo  tissue  with  the  usual  cells  and  fibres  i>f 
ue.  It  was  fonuerlj  stated,  and  is  still  inserted  by  Tilhmuiiis  and 
,  that  they  ar-e  lined  with  an  epiUiclial  lajcr  of  flattened  cells,  similar 
BC  lining  the  serous  Djembranes,  hat,  as  was  Bhowii  by  IKiter,  there 
on  the  synovial  memliraues  no  coLuplete  liuint?  of  the  kind. 
m  of  cells  may,  it  is  true,  here  and  there  be  met  with  which 
t  an  epithelioid  appearance  (lig,  210,  *(),  as,  indeed,  we  know  tu 
t  case  in  the  connective  tissue  of  other  parts ;  Imt  most  of  the 
9<60b  of  the  ^'novial  mendn-anes  arc  of  the  irrc,irn!arly-brancht!ii 
SgS.  201*,  2riO,«),  the  surface  of  the  membrane  lietweea  the  cells  and 
Iii€8  ako  over  thoin  bein^  ibrmcd  by  the  groimd-Biiljstance  of  the 
stive  tissue,  whilst  here  and  tiierc  small  blood-vessels  come  close 
i  surface  fi'om  subjacent  \mts.  The  cells  are  in  many  places 
r  than  in  connective  tiBsue  generally.  They  vjiry  nmch  m  shape 
!erent  parts,  sometimes  forming  a  network  in  the  tibsne  by  the 
moees  of  their  ramifying  proceases,  in  other  parts  lieing  rounded, 
ore  closely  arranged. 

!  cells  of  the  vaginal  synovial  membrane  are  often  slightly  elongated 
direction  of  the  axis  of  the  tendon. 

articnlar  synovia!  membranes  pass,  as  before  said,  a  certain 
De  over  the  cartilages  of  tlie  joints.  They  do  not,  bowevcr,  end 
Jj,  but  shade  off  gradually  into  the  margin  of  the  cartilage,  the 

Fig.  211. 


I.  TRAIiSITfOir  OF  CARTIiAC»H3BLtS  I5T0  C0IfKBCTIVR-TI*3tJa  fORPVBCLlS  OF 
flAh    MTiMtOLAtnL      ASOCT    340    DIlUliTlRt^.      FrOM   llEAli  07   MllATiJl84L  SOXK, 

m,     (B.A.6.) 

a,  ordinaij  cartilAge  celb  ;  h,  b^  with  braneltied  processes. 

I  tissue  becoming  fibro-cartilage  and  the  cells  gradually  losing 
proces&es  and  becoming  transformed  into  cartilagc-cclis  (fig.  211), 
t  it  is  difficult  to  gay  where  the  one  structure  begins  and  the  other 
This  portion  of  the  synovial  membrane,  or  of  the  cartilage,  is  known 
**  marginal  ssone  j  '*  it  is  best  marked  around  the  convex  heads  of 
Dnea,  and  is  especially  well  seen  near  the  lower  margin  of  the 
i  (Hiiter). 

I  Haversian  folds  and  fringes,  at  least  the  larger  ones,  agree  in 
^  strnctore  with  the  rest  of  the  tissue  of  the  synovial  membrane, 
^  tliat,  as  before  remarked,  some  of  them  contain  fat ;  their  surface 
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layer  containB  for  the  most  part  irreg^ilarlj  sfcellate  cells,  except  i 
fat,  where  there  is  occasionally  to  be  oUser^ed  a  true  epithelioid  cove: 
that  of  a  serous  membrane.    The  smalkT  non -vascular  second^  i 
of  Kuiaey  (spiorial  vilU)  are  minute  finger-shaped  processes  iv)yi 
from  the  margins  of  the  larger  ones,  and  consist   for   the  mce:  i 
of  small  ruunded  cells  with  granolar  protoplasm  and  but  httk  ii% 
cellnlar  snbstnnce,  enclosing  a  central  strand  of  connective^tissTie  filjp" 
and  in  some  cases  even  one  or  two  cartii age-cells.    Some  of  the  srni.^i 
villi  are  entirely  made  up  of  fibro-eartilage,  being  altogether  dustitul*! 
the  covering  of  rounded  ceDs  (Tillmanns), 

Vessels    anol    nerves. — The    blood-vessels    in     and    irnu 
Ix'neath  tlie  synovial  membrane  are  numerous  in  most  parts  of  i 
joints.   They  advance  but  a  short  way  upon  the  cartilages,  forming  i 
the  mai'gin  a  vascular  zone,  named  by  W<  Hunter  **circnlus 
vasculoBUs,''  in  which  they  end  by  loops  of  vessels  dilated  at  the  1 
part  greatly  beyond  tlie  dijirueter  of  ordinary  capillaries  (Toynbee). 
the  foetus  these  vesaels  advance  fin-ther  upon  the  surface  of  the 
than  in  the  adult.    The  vessels  of  the  vaginal  synovial  membrMMl 
less  numerous  than  those  of  the  synovial  membi-ancs  of  the  joints. 

The  synovial  cavities  do  not  appear  to  have  so  close  a  relation  to  I 
lyraphatie  system  as  is  the  case  with  the  serous  cavities*     For  altl  ~ 
lymphatic  vessels  have  been  described  by  Tillmanus  and  otherai 
synovial  membra ues,  they  have  nut  been  shown  to  commnnicate  i  ' 
cavities^  nor  do  they  as  a  mle  lie  near  the  &ce  surface.     In  this  i 
they  differ  from  the  blood -capillaries,  which  may  come  close  up  tol 
inner  surface  of  the  membrane. 

W*  Krause  describes  the  nerves  of  the  syno\ial  membranes  (at  I 
those  of  the  joints)  as  terminatiug  in  peculiar  corpuscles  allied 
bulbs.    Another  observer  (Nicoladoni)  has  traced  nerves  into  a  ] 
of  pale  fibrils  lying  close  under  the  surface  of  the  membrane. 

Development, — At  tlie  time  of  the  formation  of  a  jomtby  clearog©  tihftt 
around  it  forras*  in  its  out-er  part,  the  fibmus  caps?ule  of  the  joint ;  in  iti  i 
part,  the  commencement  of  the  Bjnovial  membrane.  The  caitilag^  celU  on  1 
surf  Aces  of  the  newly  formed  joint  are  at  first,  like  those  of  the  embiyo&ic  c 
tUage  generallj.  place<l  clopely  together  without  matrix  or  inteTcelliilar  6t] 
after  a  time  Uiis  appeara  in  fine  lines  between  the  cells,  ao  that  there  u  1 
presented,  in  silver^  preporationfi,  an  epithelioid  appearance*  Bjr  a 
developmpnt  of  intercellular  MilwtjMioe  the  sniK'i'fieial  ceUs  become  more  i 
from  one  another,  and  now  pOBsesB  an  irregularly  branched  f<hape  with  commii 
eating  processes.  Hear  the  edge  of  the  cartilage  this  condition  Is  permanent,  m 
that  the  marginal  zone  of  the  $;jno¥ial  membrano  is  formed  m  *Hu  from  wloi 
waa  originally  cartilage,  Xcarer  the  centre  of  the  articular  surface,  »  ha^SbiS. 
change  tJikes  place  in  the  progrests  of  development.  The  ceIJ»  lose  their  [nuucMI 
and  acquire  the  characters  of  ordinary  cartilage  cells,  whUnt  the  matrix  betveot 
them  becomes  increaaed,  and  forms  also  a  thin  layer  covering  their  surfaces 


liiterature.— i?fti«^,V,  Vtoc.  R,  S,,  1846;  Ifucta;  Tireh.  Arch,,  xxxri.  ;  JlUri^^ 
Wiener  Sitaiing»b.,  18?1  ;  Btphcr,  Tbc  cartilages  and  BynovlaJ  mcmbranea  of  the] 
Jouni.  of  Anat.  and  FhjBiol,  1874  ;  I'tHmanns,  HistoU  d.  Gclcnke,  Arch.  f.  mikr<  j 
1874;  Ljmpligy^f.  li  Gelenko,  jlnJ.  xiL,  1876;  Hist.  il.  Synoiialbiate,  Anh.  t  US^ 
Chir.,  1876;  Bcjitzen,  Puvcl.  of  joint*,  Noni-  med.  arkiv.,  1875;    Sluyt  in  KieiM 
Arch.  L  ZooL,  187<J ;  Wekhulhauin^  in  Wioaer  Sitzungsb.  Ixxr.,  187?, 
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jit'Ms  iham  up  to  be  poiirc<l  oiit  with  the  rest  of  tha  sccTetion- 
taineil  substance  escaping  from  it  either  bj  exudation  or  by  hu 
dcstnietion  of  the  cell  itself.    Cells  filled  with  B^creted  matter  mayi_ 
detached,  and  carried  out  entire  with  tlie  fluid  part  of  the  sec-retionj 
in  all  cases,  new  cells  speedily  take  the  place  of  those  which  havei 
their  olliee.     The  fluid  effused  from  the  blood-vcgsels  suftplicfs 
for  the  nutritioo  of  the  secreting^  struct ure,  besides  uffording  thf 
rialn  of  the  secretion. 

C  hinges  ia  tlie  cells  diiriiLg  actlTity- — Slnoe  the  ma^ 
sccrc^tioii  are  selected  or  iirc pared  by  the  c^dls  it  is  not  surprisTiig  j 
that  the  ccUs  of  a  secreting  gland  differ  considerably  in  app 


Fig.   213.— Part  or  a  FsuciiiT-FoiiMnra  olaitd  ;   A  Af    hist,    B  xmtt  41 

PULIOD  OV   ACflVlTY,    C  A7TBII   A  MlOLaiiaBl}   rClltUD  OF   ACTIVITT.       (I 

la  the  rasting  condition  the  oelU  of  tlie  glaod  are  lUmoit  fiUod  with  gnuiule 
g«n),     Dnrltijjt  iiu;tivity  thette  beeomo  dbd&kr^gefl  from  tbe  oells  as  feniteni,  < 
«t  firrt  from  the  oiit4.'r  tJ^rt  of  the  cell,  which  in  thereby  left  detr.     Finally  the  ( 
cmlj  rcmaia  near  the  liinien  of  the  alveoli^  and  near  the  aiirfacea  of  the  c«lta  i 
contigiioiui  to  one  iuu)ther.     In  A  and  B  tho  Ducloi  of  the  oelle  are  obecnnd 
graDules. 

according   as   tlie  jntland    is  in  a  condition    of  rest  or  actiritj 
:il2).     In  the  former  case  the  materials  for  secretion  may  have 
accnmnlating  within  the   cells  and   may  be  detected  within 
whci-eas  in  the  latter  case,  if  the  secjrction  have  been  proccedij 
aome  time,  the  cells  may  he  emptied  of  the  accnmulated  i 
in  many  instances  may  themselves  be  partially  or  entirely 
owiug  to  the  disruption  of  their  protoplasm  in  the  process  of 
of  the  secreted  matter.      In  some  glands  however  the 
of  the  materials  of  secretion  within  the  cells  does  not  go 
great  extent   during  rest^  Init  bei^ifis  with   the  increaacd 
Ihe  gland  consequent  on  stimidation  whether  natural  or  artificiair 
proceeds  up  to  a  certain  point,  aflcr  which  the  j>rocess  of  di»?ii 
of  the   wu.'iimulated   material  l>cgins.     But  according   to    Heidc  ' 
and  Langley  the  prwesses  of  growth  of  the  protoplasm,  formaCi 
material  lor  secretion,  and    discharge   fham   the  cell  may  all 
simultaneously,  the  material   becoming  formed  by  or  from  the 
protoplasm  on  ttie  one  baud,  and  discharged  on  the  otber  hand 
the  commencement  of  the  duct. 


The  material  which  aocamolatc^  ^Htbin  the  c<?U  i»  not  alwajB  the  i 
which  appean  in  the  diaehari^  socrctioD,  Thoa  in  the  glands  wh 
the  digestive  ferments— cepeciolljr  the  gastric  glanda  and  the 
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I  tliat  the  material  which  appears  in  the  form  of  granules  within  the 
I  not  the  pepsin  and  the  trypein  which  respectively  characterise  the  secre- 
'  those  glands,  hat  a  precursor  which  is  termed  ^*  zymogen,"  and  is  easily 
Qed  into  the  ferments  by  the  action  of  certain  reagents  ;  and  it  is  sap- 
;  a  similar  change  may  oocnr  during  the  discharge  of  the  secretion  from 
Again  in  the  oeUs  which  secrete  mncns,  the  clear  substance  which 
I  within  the  cells  is  not  mucin,  but  a  precursor  of  mucin,  which  is 
'  mncigen,"  from  the  facility  with  which  it  becomes  on  discharge  converted 
iiiicin. 
lIs  difficult  to  decide  whether  the  material  for  secretion  is  formed  by  the 
I  eonversion  of  a  part  of  the  protoplasm  of  the  secreting  cell,  or  from 
t  taken  up  from  the  plasma  of  the  blood  and  elaborated  by  the  agency 
I  protoplasm.  It  is  generally  assumed  that  the  former  is  the  case,  and  that 
4  jnotoplasm  of  the  cells  of  a  secreting  gland  increases  in  amount  as  the  first 
^^  in  the  process  of  formation  of  the  secretion.  But  since  the  materials  of 
ion  accumulate  in  the  substance  of  the  protoplasm  it  may  not  be  always 
lie  to  determine  how  much  of  the  increase  of  size  of  the  cell  is  due  to  a 
of  the  protoplasm  itself,  and  how  much  to  the  accumulation  of  the 
of  secretion,  either  entirely  or  only  partially  elaborated,  within  it.  It 
ihle  that  the  reticular  structure  which  the  protoplasm  of  many  secreting 
exhibits  is  caused  by  the  accumulation  within  it  of  the  material  of  secretion 
A  granular  or  globular  form ;  the  closely-arranged  globules  reducing  the  proto- 
,  in  which  they  are  embedded  to  the  condition  of  a  fine  spongework. 

secretory  changes  which  have  heen  noticed  by  various  observers  in  the 
of  different  glands  will  be  more  fully  described  when  the  several  glands  are 
ly  treated  of. 

IToilini  MliMiiii  in  fbrm  of  the  secretmg  surface. — A  secreting 
tus,  effectaal  for  the  purpose  which   it  is  destined   to  fdlfil, 
thus  be  said  essentially  to  consist  of  a  layer  of  secreting  cells 

Pig.  214. 


Fig.  214. — ^Plah  of  a  sscbetino  membrane  (Sharpey). 

~  ^  t,  memhrana  propria  or  basement-membrane ;   5,  epithelium,  composed  of  secreting 
■  ^fii;  Cy  layer  of  capillary  blood-vessels. 

"  ^rvering  a  free  surface,  whilst  a  layer  of  finely  ramified  blood-vessels 
^  qnread  out  close  to  the  attached  ends  of  the  cells,  with  some- 
tuDes  a  basement  membrane  between  the  two.    But  whilst  the  structure 
nay  remain  essentially  the  same,  the  configuration  of  the  secreting 
mnrbce  presents  various  modifications  in  cBfferent  secreting  organs. 
In  some  cases,  the  secreting  surface  is  plain  (fig.  214),  or,  at  least, 
expanded,  as  in  various  parts  of  the  serous,  synovial,  and  mucous 
membranes,  which  may  be  looked  on  as  examples  of  comparatively 
simple  forms  of  secreting  apparatus ;  but,  in  other  instances,  and  par- 
ticularly in  the  special  secretory  organs  named  glands,  the  surface  of  the 
secreting  membrane  is  variously  involved  and  complicated.    An  obvious 
effect  of  this  complication  is  to  increase  the  extent  of  the  secreting 
surface  in  a  secreting  organ  within  a  given  bulk,  and  thus  augment 
the   quantity  of  secretion  yielded  by  it.    No  connection  has  been 
dearly  shown  to  exist  between  the  quality  of  the  secretion  and  the 
particular   configniatdon,  either  internal  or   external,  of  the  organ; 
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on  the  other  hand,  we  know  that  the  same  kind  of  secretkiL  I 
derived  &om  a  complex  organ  in  one  animal,  may  be  prodnoell 
apparatus  of  most  simple  form  in  another. 

There  arc  two  principal  modes  by  which  the  surface  of  the 
is  so  increased  in  extent,  namely,  by  rising  or  protruding  in  fcml 
prominent  fold  or  some  otherwise  shaped  projection  (fig.  215,  d^f 
by  retiring,  in  form  of  a  recess  (fig.  21G,  A,  g,  h). 

The  first-mentioned  mode  of  increase,  or  that  by  profruskm,  i 
that  which  is  most  generally  followed  in  nature,  still  it  is  noti 
example,  and,  as  instances,  may  be  cited  the  Haversian  frii^ei  4 
synovial  membranes  and  the  urinary  organ  of  molluscs.      In  Sitmi 
the  membi*ane  assumes  the  form  of  projecting  folds,   which, 
sake    of  further  increase  of  surface,  may  be  again  plaited  and  I 
plicated,  or  cleft  and  firinged,  at  their  borders  (fig.  215,  e,/). 

The  augmentation  of  the  secreting  surface  by  recession  or 
of  the  membrane,  in  the  form  of  a  cavity,  is,  with  few  exceptional 
generally  adopted  in  the  construction  of  secreting  glands.    Thef 
degree  is  represented  by  a  simple  recess  (fig.  21G,  y,  A),  and  i 
recess,  formed  of  secreting  membrane,  constitutes  a  siinple  gkuuL 

Fig.  215. 


Fig.  215. — Plan  to  show  auomkxtatton  of  surface  bt  forxatioji  of 
PROCESSES  (Sharpcy). 
rt,  b,  c,  as  in  preceding  figure ;  d,  simple,  and  ef,  branched  or  Rubdivided  ] 

shape  of  the  cavity  may  be  tubular  (g)  or  saccular  (h)  :  of  theie  I 
kinds  of  simple  gland  the  former  is  by  far  the  more  common.  Eniil 
of  simple  glands  are  found  at  the  back  of  the  tongue,  in  the  intestinciil 
in  the  olfactory  membrane.  The  secreting  surface  may  be  increMed,! 
a  simple  tubular  gland,  by  mere  lengthening  of  the  tube,  in  iH 
case,  however,  when  it  acquires  considerable  length,  the  tube  is  ooiMi 
into  a  ball  (fig.  216,  t),  so  as  to  take  up  less  room,  and  adapt  itadtl 
receive  compactly  ramified  blood-vessels.  The  sweat-glands  of  the  i" 
are  instances  of  simple  glands  formed  of  a  long  convoluted  tnbe. 
the  chief  means  observed  of  further  increasing  the  secreting  soifha  i^l 
by  the  subdivision,  as  well  as  extension,  of  the  ca\*:ty,  and  when  ttl 
occurs  the  gland  is  said  to  be  compound.  There  is,  however,  a  cdiditte  1 
sometimes  met  with,  in  which  the  sides  or  extremity  of  a  simple  tube  I 
sac  merely  become  pouched  or  loculated  (fig.  210,  A',  /). 

In  the  compound  glands,  the  divisions  of  the  secreting  cavitr  Hf 
assume  a  tubular  or  a  saccular  form,  and  this  leads  to  the  distinctioii  rf 
these  glands  into  the  "tubular,"  and  the  ''saccular,"  or  '' raoemoiB.' 
Glands  which  arc  intermediiite  in  structure  between  these  types  are  ifci 
met  with,  and  Lave  received  the  name  of"  acino-tubular"  gknda,  i 
in  them  the  terminal  saccules  or  acini  present  a  more  or  leas  \ 
fonn. 

The  racemose  compound  glands  {^\g.  21G,  c)  contain  a  mnltitade  d 
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opening  in  dusters  into  the  extremities  of  a  branched  tabe, 

the  excretory  dnct.     The  saccules  are  ronnded,  pyriform  or 

jHe-shaped.    They  are  often  rather  filled  than  lined  by  secreting 

_     m;  they  are  arranged  in  groups,  i-ound  the  commencing  branches  of 

7"     ^dnct,  into  which  they  opn  (fig.  216,  c,  n)  ;  or  it  might  with  equal 

"  "^  be  Sjpiid  that  the  branches  of  the  duct  are  distended  into  clusters  of 

colar  dilatations.    The  ultimate  branches  of  the  duct  open  into  larger 

"icbes  (o),  these  into  larger  again,  till  they  eventually  terminate  in 

or  more  principal  excretory  ducts  (m),  by  which  the  secretion  is 

"  out  of  the  gland.    It  is  from  the  clustered  arrangement  of  their 

be  vesicular  recesses  that  these  glands  are  named  •*  racemose  "  or 

^like  ;   and   they,  for  the  most  part,  have  a  distinctly  lobular 

tnre.     The  lobules  are  held  together  by  the  branches  of  the  duct 

Fig.  216. 


i 


^)^.  2Itj.— Flaj;s  OP  BXTKirsioir  of  sxorbtiko  membrane,  bt  inversion  or  recession. 

(Sharpey. ) 

4,  Hcm|^«  gkndjR,  rii^t  fj,  atnight  tube  ;  A,  sac ;  i,  coiled  tube.  B,  simple  glands  with 
«ktcd  vjUIs  ;  k,  of  tubular  form ;  Z,  saccular.  G,  racemose,  or  saccular  compound 
limd ;  M^  entu^  gliuidf  «howiiig  branched  duct  and  lobular  structure  ;  n,  a  lobule,  de- 
iidied  wi^a  o,  braacK  of  duct  proceeding  from  it.     P,  compound  tabular  gland. 


to  which    they   are  appended,  and  by  interlobular  connective  tissue 
which  ajjsu  sappurts  the  blood-vessels   in    their  ramifications.     The 
larger  lobules  are  made  up  of  smaller  ones,  these  of  still  smaller,  and 
so  on  for  several  successive  stages.    The  smallest  lobules  (n)  consist 
of  two  or  three  groups  of  saccules,  with  a  like  number  of  ^^*^ 
joining  into  an  immediately  larger  ramuscule  (<?),  which  issues  from 
the  lobule  ;  and  a  collection  of  the  smallest  lobules,  united  by  con- 
nective tissue  and  vessels,  forms  one  of  the  next  size,  which,  too,  has 
its  larger  branch  of  the  duct,  formed  by  the  junction  of  the  ramuli 
belonging  to  the  ultimate  lobules.     In  this  way,  the  whole  gland  is 
made  up,  the  number  of  its  lobules  and  of  the  branches  of  its  duct 
depending  on  its  size  ;  for  whilst  some  glands  of  this  kind,  like  the 
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parotid,  consist  of  innumerable  lobiiles,  connected  by  a  large  and  l 
branched  duct,  others,  such  as  some  of  the  sebaceous  glands  of  tb>  ^ 
are  formed  of  but  two  or  three  ultimate  lol>ules,  or  even  of  a  sinji: 
In  fact,  a  small  racemose  j^land  resembles  a  fragment  of  a  lai  ^ 

The  smallest  lobules  were  originally  called  aani,  a  term  win  :. 
gjencrally  used  to  denote  the  saocular  recesses  in  the  lobules.    The- 
also  termed  fdveoii. 

The  ultimato  saccules  of  a  racemose   gland   are   lined,  and  \ 
times  almost  filled  liy  the  secreting  cells,  a  cavity  being  left 
centre  ocaiynunicatiu^  with  the  excretory  duct  (tig.  -17).    In  somec 
minute  canals  lead   frum  tlie  central  cavity  between   the  edk,| 
these  may  aid  in  the  conveyance  of  the  secretion  of  the  latter  inlol 


Fig.  217,— SscnoN  or  a  rrACEMojiK  glant>,  showing  thb  commencemkkt  of  a  V69l 

a^  one  of  the  iilv>  J.  cif  which  are  in  the  section  afaown  grotipod  iroosd  di 

commence  on  (?nt  of  iUu  duct,  i'^  ;  a\  an  alYcoltis,  not  opened  by  tbe  stiction  ;  6,  boMDB^ 
incinbmnc  in  Rcclion  ;  e^  '*nterstitiftl  connective  tissue  of  the  gland  ;  d,  sectioti  df  «M 
whit^h  has  poased  tkwcy  from  the  alveotif  and  is  now  line<l  with  chAnicteruticadly-tfbartil 
GolumniU'  cella  ;  i,  aemilimar  group  of  darklj-sUuned  oelbi  at  tbe  pcripberj  of  tu  tJtnt^ 


cavity.  It  is  doubtful  whether  these  intercellular  canals  hare  propff 
walls  or  are  merely  formed  by  the  juxtaposition  of  •^'t^NJves  uq  th" 
adjacent  sides  of  the  cells.  Further,  the  flatteuetl  cells  which  c<:>mj>c»^ 
the  basement -membrane  may  send  dehcate  lamellar  processes  t>etwe»:!i 
the  alveolar  cells,  among  which  they  form  a  sustentacular  network  (Boll, 
Ebner). 

Many  glands,  jrielding  very  different  secretions,  belono^  to  the  mceoMm 
class.  As  examples,  it  will  be  sufficient  to  mention  the  salivan%  boil* 
rymal,  and  mammary  glands,  iind  iiumy  of  tlnj  small  rjlands  which  opea 
into  the  month,  fences,  ond  wiodjiiix!  ;  but  some  even  of  tboie  i» 
intermediate  in  structure  between  the  true  racemose  and  the  tabuhr 
^dands. 
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. '  ihe  tubular  oomponnd  glands,  the  most  characteristio  examples 
lAe  testis  and  kidney.  In  these  the  tubular  ducts  divide  again 
I  again  into  branches,  which,  retaining  their  tubular  form,  are  greatly 
~  ened  out.  The  branches  of  the  ducts  are  formed,  as  usual,  of  a 
7  or  basement-membrane  (membrana  propria),  lined  by  epithe- 
and  in  contiguity,  by  its  outer  surface,  with  capillary  blood- 
B.  By  the  multiplication  and  elongation  of  the  tubular  branches 
;  extent  of  secretmg  surface  is  obtained,  the  tubes  being  usually 
^  up  into  a  compact  mass,  which  is  traversed  and  held  together  bv 
l-vessels,  and  sometimes,  also,  divided  into  lobules  and  supported, 
the  testis,  by  fibrous  partitions,  derived  ^m  the  inclosing  capsule 
ihe  gland.  In  consequence  of  their  intricately  involved  arrangement, 
%  is  sometimes  difficult  to  find  out  how  the  tubular  ducts  are  disposed  at 
fcgir  extremities.  In  the  testis  some  are  free,  and  simply  closed  without 
■Datation,  and  others  anastomose  with  neighbouring  tubes,  joining  with 
Bauem  in  the  form  of  loops  ;  in  the  kidney,  little  round  tufbs  of  fine 
J^ood-vessels  project  into  terminal  dilatations  of  the  ducts,  but  without 
IpScrcing  the  basement  membrane. 

The  mammalian  liver  does  not  precisely  agree  in  structure  with  either 
mg^  the  above  classes  of  compound  glands.  Its  secreting  cells  are  collected 
Sx^to  small  polyhedral  masses  termed  the  hepatic  lobules,  pervaded  by  a 
snetwork  of  capillary  blood-vessels ;  and  the  ducts  bcgm  within  the 
lK>l)ule8,  in  the  form  of  a  network  of  exceedingly  fine  channels  which  run 
"between  the  sides  of  contiguous  cells. 

Besides  blood-vessels,  the  glands  are  furnished  with  lymphatics,  which 
iii  most  compound  glands  proceed  from  interstitial  lymphatic  spaces  which 
•Kurround  the  alveofi  as  already  stated  (p.  208).   Branches  of  nerves  have 
^dso  been  followed  for  some  way  into  these  organs  ;  and  that  an  influence 
is  exerts  on  secreting  organs  through  the  medium  of  the  nervous  system, 
is  shown  by  the  feet,  that  the  flow  of  secretion  in  several  glands  is 
J^ected  by  mental  emotions,  and  that  the  flow  of  secretion  from  many 
glands  may  be  brought  on  by  direct  or  reflex  stimulation  of  their  nerves. 
In  some  cases  also  an  increased  accumulation  of  the  materials  of  secre- 
tion within  the  cells,  may  thus  be  produced.     Moreover,  fine  non- 
medullated  nerve-fibres  have   in  several  instances  been  described  as 
entering  between  the  cells  of  the  alveoli ;  and  in  the  salivary  glands, 
Pfluger  has  affirmed  a  direct  passage  of  nerve-fibres,  both  meduUated 
and  non-meduUated,  into  the  secreting  cells.    His  observations,  however, 
have  not  been  confirmed  by  other  inquirers,  although  Kupffer  has  de- 
scribed a  similar  connection  between  nerve-fibres  and  secreting  cells  in 
the  saliYary  glands  of  insects. 

Uniting  the  several  parts  of  a  compound  gland  is  a  certain  amount  of 
interstitial  connective  tissue,  which  varies  in  character  in  different 
glands,  being  in  some  more  fibrous,  in  others  more  cellular,  and  in  others 
again  being  represented  by  retiform  tissue. 

Some  gl^ds  have  a  special  envelope,  as  in  the  case  of  the  kidney  and 
testis. 

The  ducts  of  glands  ultimately  open  into  cavities  lined  by  mucous 
membrane,  or  upon  the  surface  of  the  skin.  They  are  sometimes  pro- 
vided with  a  reservoir,  in  which  the  secretion  is  collected,  to  be  d^ 
charged  at  intervals.  The  reservoir  of  the  urine  receives  the  whole  of  the 
secreted  fluid  ;  in  the  gall-bladder,  on  the  other  hand,  only  a  part  of  tho 
bile  is  collected*    The  vesicute  seminales  afford  another  example  of  tliese 
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appended  reservoirs.  Tlie  ducts  are  constmcted  of  a  basement-iDe 
and  lining  of  epithelium,  and  in  their  smaller  divisions  there  is  i 
more  ;  but  in  the  larger  branches  and  trunks,  a  coat,  composed 
nective  tissue,  with  which  in  some  cases  involuntary  muscular  fi 
introduced,  is  added.  In  the  ducts  of  the  sweat  glands,  the  n 
fibres  lie  between  the  basement-membrane  and  the  epithelinn 
epithelium-cells  arc  usually  flattened  at  the  commencement  of  t 
where  these  emerge  from  the  alveoli,  and  are  columnar  in  Um 
the  duct.  In  some  glands  the  columnar  cells  of  the  ducts  ext 
peculiar  striated  appearance  before  n^ferred  to  (see  p.  4),  in  I 
of  the  cell  next  to  the  basement-membrane,  and  the  alveolar  o 
also  exliibit  a  similar  appearance,  but  far  less  distinctly. 

Mvehan'ntm  of  the  dUcharge  of  secretion  from  a  gland. — Althongh  noi 
pendent  ultimately  upon  physical  and  chemical  conditions,  it  is  not  kn 
ciselj  in  what  way  the  discharge  of  secretion  from  the  gland-oeUs,  and  « 
from  the  gland  is  effected.  The  forces  which  produce  the  diachi 
however,  considerable,  and  are  influenced  as  we  have  seen  through  tfai 
system.  In  the  cutaneous  glands  of  the  frog  Strieker  and  SpiuA  hmT 
that  irritation  of  the  nerves  is  foUowed  bj  swelling  and  enlaigema 
previously  flattened  cells  of  the  gland,  and  that  this  enlargement  out 
charge  of  secretion  from  the  mouth  of  the  duct.  The  swelling  is  prodne 
accumulation  of  fluid,  derived  from  the  plasma  of  the  blood,  within  the  ( 
when  thene  come  again  to  the  condition  of  rest  and  resume  the  flatten 
the  fluid  is  supposed  to  pass  from  them  into  the  cavity  of  the  alveolu, 
with  it  the  materials  of  secretion  extracted  from  the  cells.  If  the  gl 
again  stimulated  the  same  process  is  gone  through,  and  in  this  way  it  ii 
an  intermittent  discharge  may  be  caused.  There  is  no  evidence,  howerei 
that  similar  changes  occur  in  other  glands,  nor  is  it  explained  how  it 
that  the  water  of  the  plasma  should  pass  into  the  cells  only  under  the 
of  excitation. 

The  discharge  from  the  ducts  of  a  gland  is  partly  due  to  the  vis^-ttt 
accumulating  secretion,  partly  to  the  peristaltic  contraction  of  the 
tissue  in  the  waU  of  the  duct  (where  this  tissue  exists). 

Becent  Literature. — The  following  authors  have  written  more  reoeni 
structure  of  secreting  glands  and  on  the  changes  which  their  cells  undei 
accretion: — Gianuzzi^  in  Ber.  d.  sachs.  Gcsellsch.  d.  Wissensch.,  1862  ;  JB6U 
f.  niikr.  Anat,  1868  and  1869;  B.  Htldcnhain,  Studien  d.  phys.  Inst^  n 
1868  ;  Pfliiger  B  Arch.,  1875,  and  article  "  Absondorung/'  in  Hermann's  Haac 
EbHein,  in  Arch.  f.  mikr.  Anat.,  1870;  PJlui/er,  Article  "Salivaiy  Q. 
Strieker's  Handbook,  1871  ;  Ebner,  in  Arch.  f.  mikr.  Anat.,  1872,  and  IMeec 
der  Zunge,  1873  ;  Kupffer^  in  Lad  wig's  FcBtgabo,  1874  ;  Watney,  in  Proe. 
1874  ;  Sicifcicki,  in  Pfl.  Arch.,  1876  ;  Lavdorsky;  Nussbaum;  PariscK,  in  An 
Anat.,  1877  ;  Kiihne  v.  Lea,  in  Heidelberg  Vcrhandl.,  1877  ;  OiHtzner,  in 
1879  ;  Langlry,  in  Journal  of  Physiology,  1879  i  with  ScioaU,  in  the  same  Joi 
in  Phil.  Trans.,  IbSl. 
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^^^^  1CUCOT7B    MEMBRAKEa 

.^Abeae  membraneSy  nnlike  the  seroas,   Hue  passages   and   cayities 
commanicate  with  the  exterior,  as  well  as  recesses,  ducts  and 
cles  of  secretion,  which  open  into  such  passages.    They  are 
dly  snbject  either  to  the  contact  of  foreign  substances  introduced 
_      )  the  body,  snch  as  air  and  aliment,  or  of  various  secreted  or  excreted 
3  .z^bBtters,  and  hence  their  surface  is  coated  over  and  protected  by  mucus, 
r  ^  ihid  of  a  more  consistent  and  tenacious  character  than  that  which 
^  ^natens  the  serons  membranes. 

The  mucous  membranes  of  several  different  or  even  distant  parts  are 

Dtinuous,  and  they  may  all,  or  nearly  all,  be  reduced  to  two  great 

i'TOioils,  namely  the  gaatro-pneumanic  and  genito-urinary.    The  former 

\  the  inside  of  the  alimentary  and  air-passages  as  well  as  the  less 

nderable  cavities  communicating  with  them.    It  may  be  described 

commencing  at  the  edges  of  the  lips  and  nostrils,  where  it  is  con- 

1  with  the  skin,  and  proceeding  through  the  nose  and  mouth  to 

\  throat,  whence  it  is  continued  throughout  the  whole  length  of  the 

Dentary  canal  to  the  termination  of  the  intestine,  there  again  meeting 

fc«  skin,  and  also  along  the  windpipe  and  its  numerous  divisions  as  far 

^ .  ^1  the  air-cells  of  the  lungs,  to  which  it  affords  a  lining.    From  the 

'^^tte  the  membrane  may  l^  said  to  be  prolonged  into  the  lachrymal 

^^^^•jMBges,  extending  up  the  nasal  duct  into  the  lachrymal  sac  and  along 

;.j^^  ^^  lachrymal  canals  until,  under  the  name  of  the  conjunctival  mem- 

1  -  .'^•me,  it  spreads  over  the  fore  part  of  the  eyeball  and  inside  of  the 

^dids,  on  the  edges  of  which  it  meets  with  the  skin.    Other  offsets 

-    ^t)m  the  nasal  part  of  the  membrane  line  the  frontal,  ethmoidal,  sphe- 

^idal  and  maxillary  sinuses,  and  from  the  upper  part  of  the  pharynx  a 

(itolongation  extends  on  each  side  along  the  Eustachian  tube  to  line 

^tiat  passage  and  the  tympanum  of  the  ear.    Besides  these  there  are 

Offsets  from  the  alimentary  membrane  to  line  the  salivary,  pancreatic, 

%nd  biliary  ducts,  and  the  gall-bladder.    The  genita-urinary  membrane 

invests  the  inside  of  the  urinary  bladder  and  the  whole  tract  of  the 

tirine  in  both  sexes,  from  the  interior  of  the  kidneys  to  the  orifice  of  the 

Urethra,  also  the  seminal  ducts  and  vesicles  in  the  male,  and  the  vagina, 

ttteros  and  Fallopian  tubes  in  the  female. 

By  one  suriace  the  mucous  membranes  are  attached  to  the  X)art8 
which  they  line  or  cover,  by  means  of  areolar  tissue,  named  "submucous," 
which  differs  greatly  in  quantity  as  well  as  in  consistency  in  different 
parts.  The  connection  is  in  some  cases  close  and  firm,  as  in  the  cavity 
of  the  nose  and  its  adjoining  sinuses  ;  in  other  instances,  especially  in 
cavities  subject  to  frequent  variation  in  capacity,  like  the  gullet  and 
stomach,  it  is  lax  and  allows  some  degree  of  shifting  of  the  connected 
gorfaces.  In  such  cases  as  the  last-mentioned  the  mucous  membrane  is 
accordingly  thrown  into  folds  when  the  cavity  is  narrowed  by  contrac- 
tion of  the  exterior  coats  of  the  organ,  and  of  course  these  folds,  or  ruga 
as  they  are  named,  are  effaced  by  distension.  But  in  certain  parts  the 
mucous  membrane  forms  permanent  folds,  not  capable  of  being  thus 
effaced,  which  project  conspicuously  into  the  ca\aty  which  it  lines.  The 
best-marked  example  of  these  is  presented  by  the  valvulm  conniventes 
seen  in  the  small  intestine.  These,  as  is  more  fully  described  in  the 
special  anaiomy  of  the  intestines,  are  crescent-shaped  duplicatures  of  the 
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membrane,  with  connecting  areolar  tissue  between  their  laminae,! 
are  placed  transversely  and  follow  one  another  at  very  short  int^ 
alon^i  a  ip-eat  part  of  the  intestinal  tract.     The  chief  use  of  the  i 
coimiventes  is  douhtless   to  increase  the  surface   of    the 
mucous  membrane  within  the  canity. 

In  most  fiituatioDS  the  mucous  membranes  are  nearly  opaque  orfl 
slightly  translucent.    They  possess  no  ^(Teat  degree  of  tenacity  i 
little  elaBticity,  and  hence  are  readily  torn  by  a  moderate  force, 
redtiess  which  they  commonly  exhibit  during  life,  and  retain  in 
or  less  degree  in  various  pfirts  after  death,  is  due  to  the  blood  eonU 
in  tlieir  vessels.   The  degi'ee  of  redness  is  greater  in  the  foetus  aadii 
than  in  the  adult.     It  is  greater  too  in  certain  situations  ;  thus,  < 
different  parts  of  the  alimentary  canal,  it  is  most  marked  in  thei 
pharynx,  and  rectmu. 

Stmctmre. — A  raucoua  membrane  is  composed  of  cortum  and 
Hum.     TJie  epit/ieluwi  covers  the  surface.    The  membrane  which  J 
after  its  removal  is  named  the  conum^  as  in  the  analogoofl  instaaoil 
the  true  skin. 

The  epithelium  (fig,  218,  e)  is  the  most  constant  part  of  a  ; 
membrane,  being  continued  over  certain  parts  to  which  the  ofeh 
Btitutents  of  tlie  membraue  cannot   be  traced,  as  over  the  alT 
the  lungs,  and  the  front  of  the  cornea  of  the  eye.    It  may  be  i 
stratified  as  in  the  mouth  and  throat,  cohimnat  as  in  the  inte 
ciliated  bs  in  the  respiratory  tract  and  uterus,     AVhen  a  mucous  1 
brane  is  covered  with  an  cpithehum  of  the  scaly  and  stratilied  i 
the  mucus  which  moistens  its  surfatx*  is  derived  from  glands 
mcmhrancj  which   are  lined  with   cohinmar  ajid  |>o!yhedral 
cells  ;  but  when  a  cokunnar  epithelium  covers  the  surface,  a  laigBJ 
of  the  niucas  is  formed  in  the  cells  of  this  layer,  and  the  glands  of  1 
membrane  are   frequently  devoted  to  the  elaboration  of  some  i 
Becretion. 

Those  columnar  cc^lls  which  are  especially  concerned  in  the  prodad 
of  mucus  often  Income  greatly  distended  with  the  accumulated  mocig 
into  the  shape  of  a  goblet  or  chalice,  and  this  may  in  niany  be  Bccal 
have  become  exuded  from  the  free  and  apparently  open  end  of  the  cell  i 
a  droplet  of  mocus  (sec  p.  44).     A  certain  nnmlier  of  these  ^hUf- '  t 
ehfifke'CfUs  are  almost  always  to  be  foimd  amongst  the  ordinary  culunr 
nar  ceils.     It  is  somewhat  tm certain  whether  after  discharge' of  their 
secretion  they  become  converted  into  ordinary  columnar  cells,  or  whetbd 
they  perraanently  maintain  the  chalit*e-like  form,  their  cavity  l:»ecomiag 
again  filled  with  secretion  during  rest.     If  tlie  latter  is  the  case  the  cxiti 
in  onestion  are  analogous  to  the  uni-cellular  ghinds  which  are  met  wiili 
in  the  integimient  of  some  of  the  lower  animals  (leech). 

The  corimm  of  a  mucous  membrane  consists  of  eonnectiTe  tiisnc, 
either  simply  areolar  or  containing  a  large  intermixtum  of  lymphc»id 
tissue.     It  is  usually  bonnded  next  the  epithelium  by  a  basement  meil^ 
brane  (fig.  218,  l^m),  and  next  the  submucous  tissue  by  a  thin  hiyer^|| 
non-striated  muscular  tissue  termed  the  mmctduris  mtt^^mi^  (mm),  *     ^^ 

The  ba^si'ment  nwrnhram  is  not  everywhere  demonstrable,  bat  where  it 
is  well  marked  it  appears  in  section  as  a  thin  line  immediately  under* 
lying  the  epithelium.  Viewed  on  the  flat  and  with  the  sujierjaoent 
epithelium  removed,  the  membrane  in  question  seems  at  first  sight 
homogenous  i  but  treatment  with  nitrate  of  silver  brings  to  view  thi 
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ines  of  the  flattened  cells  of  which  it  is  in  reality  composed.  It  is 
fatwajs  a  complete  membrane,  for  in  some  parts  the  cells  composing  it, 
|Md  of  adhering  closely  by  their  edges,  intercommunicate  by  branching 
ioenes  so  as  to  form  a  network  instead  of  a  continuous  membrane, 
abasement  membrane  follows  aU  the  eminences  and  depressions  of  the 
hce  of  the  mucous  membrane,  dipping  down  to  ta,ke  part  in  the 
mtion  of  the  wall  of  the  glands,  and  passing  over  the  raised  villi 
I  other  prominences. 


Pig.  218. 


;  S18.— SicTioir  or  vroous  xex- 

BAR  riOX  TH«  STOMACH  OF  THE 

UMiBoa    Maovified  about  260 

RAXRIBS  (B.  A.  S.}. 

^  ohunnar  epiiheliani  of  the  snr- 
1^  eootinaed  into  the  neck,  n,  of 
I  ample  tnbakr  glands,  gl ;  bat 
MWBg  at  first  cubical,  and  then 
jkediml  towards  the  base,  (,  of  the 
■di;  Uf  lymphoid  tissue  of  the 
iiB,  seen  also  between  the  gknds; 
',  bnement  membrane,  bounding 
I  eorimn  superficiaUy  ;  mm,  mus- 
am  mucosae,  bounding  the  mucous 
mbaoe  at  its  attached  surface, 
I  lending  smaU  bundles  o^  pkin 
■okr  tissue  between  the  glands, 
t  oommenoement  of  a  lymphatic 
kI  is  shown  between  two  of  the 
id%  but  its  connection  witii  deeper 
pkaties  was  not  seen.  The  blood- 
els  of  the  membrane  are  not  repre- 
Bd. 


lie     mu^cularis     mitcosce 

15  the  deepest  part  of  a 
oas  membrane,  but  it  is 
everywhere  present.  It 
st  developed  in  the  mucous 

ibrane  of  the   alimentary  

J,  in  some  parts  of  which  it 

consist  of  two  layers,  in  the  one  of  which  the  fibres  are  longitudinal,  in 
Miher  circular  in  direction.  From  its  inner  surface  muscular  bundles 
I  inwards  into  the  thickness  of  the  mucous  membrane,  passing 
'een  the  glands  contained  within  it,  and  even  into  its  prominences, 
I  in  many  cases  to  reach  and  become  attached  to  the  bascment-mem- 
e  covering  them.  The  muscularis  mucosae  is  a  part  therefore  of 
nncous  membrane,  and  is  not  to  be  confounded  with  the  muscular 
proper,  which  fonns  a  separate  layer  in  most  of  the  hollow  -viscera. 

16  connech've  tissue  layer  or  corium  proper  varies  much  in  structure 
ifferent  parts.  In  some  situations,  as  in  the  gullet,  bladder, 
vagina,  the  filamentous  connective  tissue  is  abundant,  and  extends 
ighont  its  whole  thickness,  forming  a  continuous  and  toler- 
compact  web,  and  rendering  the  mucous  membrane  of  those  parts 
Muratively  stout  and  tough.  In  the  stomach  and  intestines,  on  the 
r  hand,  where  the  membrane  is  pervaded  by  tubular  glands,  the  tissue 
een  these  is  chiefly  retiform  or  lymphoid  tissue  (fig.  218,  //)  with  but 
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few  white  and  elastic  fibrca,  and  hence  in  these  situations  the  nit 
ul though  thicker,  is  far  less  firm  and  tough  than  in  parts  where  mu 
the  white  connective  tissue  iB  found.    In  other  mucous  mtu 
tranBifcions  are  met  with  between  these  two  extremes. 

It  frequentlj  happens  that  in  certain  circumscribed  places  tbel 
phoid  tissue  is  greatly  increased  in  anumnt,  ami  becomes  densely  j 
with  lymphoid  cells.     In  this  way  the  so-ca\hd  soli/ari/ glands, . 
or   nodules    are   produced.      If    tliere    be    mauy    lymphoid 
adjacent  to  one  another,  so  as  to  make  up  a  localized  patch,  a 
agminated  gland  is  formed,   or   if  massed   together  more  tliid 
lymphoid  oi'gan  hke  the  toiisih     These  collections  of  lymphoid  I 
which  may  if  large  extend,  on  the  one  hand,  down  into  the  sola 
tissue,  and  on  the  other,  upwards  into  the  epithehum,  have  l^een  i 
refen-ed  to  (p.  2nJ),  and  will  be  more  particularly  described 
several  jiai'ts  in  which  they  occur  come  under  consideration. 

Blood-ressela    are  abundant    in    most  mucons  membranei, 
branches  of  the  arteries  and  veins,  dividiug  in  the  siibmncotu 
send  smaller  branches  into  the  corium,  which  divide  to  form  a  nt 
of  capillaries  in  the  latter.     This  capillary  netv\ork  lies  inime 
beneath  the  epithelium^  or  the  basement -membrane  when  this  is  pit 
advancing  into  the  \illi  and  papillie  to  be  presently  descrik-d,  ana 
rounding  the  tubes  and  other  glandulai*  recesses.     The  lympli 
also   form  networks  of  cleft-like    vessels  in  the  mncous   memlna, 
which  communicate  with  plexuses  of  larger  valvcd  vessels  in  the  ^ 
mucons  tissue  ;  they  commence  either  by  blind  diverticuhi,  as  in  theTil^ 
or  in  the  form  of  a  superficial  network,  which  is  almost  always 
deeply  placed  than  the  network  of  blood- capillaries.     The  lTm| 
vessels  o^en  form  sinus-like  dilatations  around  the  bases  of  the  lymf 
nodnles. 

The  nerves  of  mucous  membranes  seem  chieOy  to  be  distribul 
the  muscular  is  muscosfc  where  this  exists.  Before  proceeding 
destination  they  are  in  many  parts  collected  together  to  form  a  gui£ 
plexus  in  the  sub-mucous  tissue,  such  as  the  plexus  of  Meissneri 
alimentary  canal.  Some  nerves  pass  however  to  the  epithelium  aol 
terminate  between  the  epithelial  cells  ;  at  least  this  has  been  shown  to 
be  the  case  in  the  stratified  epithelium  which  covers  the  rnuco® 
membrane  of  the  ])alate  in  the  rabbit,  and  in  that  wliich  lines  th§ 
vagina  of  the  same  animal 

Fapillai  and  viUi. — 11  le  free  Burfiice  of  the  mucous  membranes  \&  ia 
some  paits  i>]ain,  but  in  others  is  l>e8et  with  little  eminences  named 
papilko  and  villi.  The  ]MfpilhE  are  best  seen  on  the  tongne ;  tUcy 
are  small  processes  of  the  corium,  mostly  of  a  conical  or  cylindrical 
figoro,  containing  blood-vessels  and  nerves,  aud  covered  with  epulc- 
hum.  8ome  are  small  and  6imi>le,  others  larger  and  covered  wjiii 
secondary  papillic.  They  serve  various  purposes  ;  some  of  them 
doabt  minister  to  the  senses  of  taste  aud  touch,  many  appear  to 
chiefly  a  mechanical  office,  white  others  ^vould  seem  to  give  ^ 
extension  to  the  surface  of  the  corium  for  the  production  of  aT 
coating  of  epithelium.  The  villi  are  most  fully  developed  on 
mucous  coat  of  the  small  intestines.  Bein«c  set  close  togetuer  like 
pile  of  velvet,  they  ^ve  to  the  parts  of  the  membrane  which  they  cove 
the  aspect  usually  denominated  **  villous/'  They  are  in  reality  little ' 
elevations  or  processes  of  the  corium,  covered  with  cpithelinm,  and 
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.  ^taMfeaining  bloodyesselB  and  lacteals,  which  are  thus  favoniably  disposed 
^■^iibBorbing  nutrient  matters  from  the  intestine.  The  more  detailed 
.  i&pcxiption  of  the  papillss  and  Tilli  belongs  to  the  specid  anatomy  of  the 
^yts  in  which  they  occur. 
:3b  some  few  portions  of  the  mucous  membranes  the  surface  is  marked 
fine  ridges  which  intersect  each  other  in  a  reticular  manner,  and 
\  inclose  l^er  and  smaller  polygonal  pits  or  recesses.  This  peculiar 
cter  of  the  surface  of  the  membrane,  which  has  been  termed 
?eolar,'*  is  seen  Teiy  distinctly  in  the  gall-bladder,  and  on  a  finer 
\  in  the  vesicuke  seminales  ;  still  more  minute  alveolar  recesses  with 
vening  ridges  may  be  discovered  with  a  lens  on  the  mucous 
brane  of  the  stomach. 
CBaads  of  mncoiui  membraiies. — ^Many,  indeed  most,  of  the  glands 
^-  't^  the  body  pour  their  secretions  into  the  great  passages  lined  bv  mucous 
^  Bembranes  ;  but  there  are  certain  small  secreting  glands  which  may  be 
;^^^^=<*id  to  belong  to  the  membrane  itself,  inasmuch  as  they  are  found  in 
-^ --"^PBmbeis  over  large  tracts  of  that  membrane,  and  yield  mucus,  or  special 
^^^^^Ijoetions  known  to  be  formed  in  particular  portions  of  the  membrane, 
rf^'^^tting  local  peculiarities  the  glands  referred  to  maybe  described  as  of 
^4"  *^  kiuM,  viz. : — 

fcp^       I.  Tubular  glands. — ^These  are  minute  tubes  formed  by  recesses  or  in- 

.^j:  JJJjBons  of  the  basement  membrane,and  lined  with  epithelium  (fig.  218,^?). 

^Tr  2^  ^"*  usually  placed  perpendicularly  to  the  surface,  and  often  very 

r-  r    ^t«8ely  tc^ther,  and  they  constitute  the  chief  substance  of  the  mucous 

r;r^    ^^embrane  in  those  parts  where  they  abound,  its  thickness  depending  on 

:'C     ^be  length  of  the  tubes,  which  differs  considerably  in  different  regions. 

VT     <le  tubes  open  by  one  end  on  the  surface  ;  the  other  end  is  closed,  and 

^  either  simple  or  deft  into  two  or  more  branches.    The  tubular  glands 

^       ^re  abundant  in  the  stomach,  and  in  the  small  and  large  intestines, 

>here  they  are  comparatively  short  and  known  as  the  crypts  of  Lieber- 

^ohn.  They  exist  also  in  considerable  numbers  in  the  mucous  membrane 

Of  the  uterus. 

II.  Small  compound  glands. — Under  this  head  are  here  comprehended 
Ininnte  compound  glands  of  the  racemose  or  of  the  acino-tubular  kind^ 
^th  branched  ducts  of  various  lengths,  which  open  on  the  surface  of  the 
membrane.  Numbers  of  these,  yielding  some  a  mucous,  others  a  more 
albuminous  or  serous  secretion,  open  into  the  mouth  and  \sindpipe. 
To  the  naked  eye  they  have  the  appearance  of  small  solid  bodies, 
often  of  a  flattened  lenticular  form,  but  varying  much  both  in  shape 
and  size,  and  placed  at  different  depths  below  the  mucous  membrane 
on  which  their  ducts  open.  The  glands  of  Brunner,  which  form  a 
dense  layer  in  the  commencing  part  of  the  duodenum,  belong  to  this 
category. 

Xaous — the  secretion  which  moistens  the  surface  of  a  mncons  membrane — ia 
m  Tiscid  transparent  flnid,  which  when  examined  hj  the  microscope  is  generaUy 
found  to  contain,  besides  detached  epithelium  cells,  rounded  cells  named  mucus- 
oorposdes,  which  closely  resemble  the  pale  corpuscles  of  the  blood,  and  are  pro- 
bably identical  with  them  (having  wandered  either  from  the  vessels  or  &om  tho 
lymphoid  tissae  of  the  membrane).  The  chief  organic  constituent  of  mucus — 
mudn — is  precipitated  from  the  fluid  by  the  addition  of  acids.* 

*  The  several  mucous  membranes  are  described  more  in  detail  ^Lcn  the  organs  of  which 
thej  form  a  part  are  treated  0^  and  the  works  which  refer  to  them  may  then  also  bo 
aientioned  most  appn^nately. 
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Tlie  skin  cotiiiBtu  of  the  cutiH  vera  cn'  coriuin,  and  the  cut 
epidermis. 

The  EpiddrmiB,  Cuticle,  or  ScBxi-Bkhi  heloiif^s  to  the  c 
sfcratified  epitheliu,  the  ^a^iienil  nature  of  which  has  hecn  alread; 
sidered.     It  foniis  a  protective  coveniig  over  every  part  of  the  tm 

Fig.  219. 


B 


Fig.  210.— Sicnoir  ow  spiDiaicn  riu>x  trii  irinciir  itAiri>.  IUgblt  k isirrrTtv  | 

U,  hoTuj  Inycr,  coDststing  of  i,  superficial  horny  tcales  ;  tip,  twoll«ii<ooi  ! 
J./,  strAtuui  liiciilum ;  Jf,  i^to  nittcoHiim  or  MaJptgbiAn  layer,  ociti«iiitia^  of  n,  | 
oeUs«  aowtmi  rowt  deep  ;  anil  c,  elongaUid  oelli  fornUiig  s  vlDgte  dnitiuii  immt  uUi 
Tbe  gnumlttroelli  of  LaDgerfaauJu  wbich  lifi  just  bdow  tbe  ftnlniB  ]acidajii«  mi 
II,  pMt  of  A  }tlexos  of  nerre' fibres  in  ttio  itiiierAcuil  Uyer  of  the  cutii  Term, 
plexiut,  Une  varicooe  oenre-filnlB  may  b«  tmccd  pAMing  up  between  the  ofeOt} 

The  thickneaB  of  the  cuticlo  varies  in  different  parts  of  the  fld 
mtiyjuriiig  in  eome  places  not  more  than  rW*«  ^**^  ^  i»ther| 
m  much  aa  ^^^th  of  an  inch  (ak*iit  a  millimeter),  or  even  more  tliii 
in  some  individnalft.  It  is  thickest  in  the  ptdmg  of  the  huM 
iiafc«  of  the  feet»  wliere  theskin  is*  much  exjxised  t»  intermittent  |irl 
and  it  ia  not  improlmble  tfiat  such  pressnro  may  serve  to  stimoM 
gubjaeent  true  gkin  to  n  more  active  formation  of  epidermis ;  bi 
diffeivuee  does  not  dejK^d  immediately  on  external  cauiect,  for  it  I 
marked  even  in  the  foetus,  ] 

The  more  ton  and  tninsparent  superficial  port,  or  born j  lajer.  4 
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•S^cnnis,  may  be  separated  after  maceration  from  the  deeper,  softer, 

|saqiie,  and  recently  fornied  part,  which  coiistttutea  what  is  called 

^v^  1  slpijrhian  layer,  or  rde  mtitosum, 

SCKhe  under  or  attached  surfticc  of  the  cuticle  is  motilded  on  the  adjoin- 

^^^■^  earfkce  of  the  corium,  and,  wlien  separated  by  maceration  or  pn- 

^^^^nction,  preieots  impressions  corresponding  exactly  with  the  papillary 

^^^^     -'*^€T  eminences,  and  the  furrows  or  depressions  of  the  true  skin  ; 

•re  prominent  inequalities  of  the  latter  are  marked  also  on  the 

-iirfacc  of  the  cnticle,  but  less  accurately.     Fine  tubnlar  prolon- 

^  of  the  cuticle  sink  down  into  the  ducts  of  the  sweat-glands,  and 

otten  ptftiidly  drawn  out  from  their  recesses  when  the  cuticle  is 

Ae^^chedy  appearing    then    like  threads    proceeding    from  its    under 

Jn«^ace, 

Stmctmre. — The  cuticle  is  made  np  of  cells  agglutinated  t<>gether  in 
Xftx&ny  irregular  layers.  Tlie  dee|>est  cells  are  elongated  in  figure,  and 
l»inf\Ml  |>erpeudicularly  on  the  surface  of  the  coriuin  (fig. :;  1  It^^aud  fig»  224 ) ; 
*  -^^i  denticulate  at  their  lower  ends,  and  fit  into  conesponding  fine 

^-  Illations  of  t!ie  coriuni.     The  i>eri)endi€ular  cells  generally  form 

^>iae  stratum ;  above  them  are  cells  of  u  more  rounded  or  p<  ilyhedral 
Vk^pe  <p)^  These,  as  first  shown  by  Max  Schultze  and  Virchow,  ar«s 
*>tt^rked  on  their  surface  with  numerous  ridges  and  furrows  or  are  covered 


Fig.  220. 


220. — SSIS  OF  TBK   KE43110,  TKRTfCAIi  8SC* 

Ni,  MAflViFlBD  250  DiAXBTSES  (KoUiltor). 

«i,  a;  cntancoiu  papUln? ;  6,   uodcnnost  and 

k-^oldHTt^d  hkjet  of  oblong  Tertical  cpideitnia- 

€^  muooas  or  HalpigluAa  kjer  \  d,  liomj 


ftti  minute  spines*  The  spines  and 
of  ncighl3ouring  cells  do  not, 
er,  interlock  one  with  another 
at  first  supposed,  but  on  the 
[Oontmry,  meet  at  their  summits  so 
aft  to  leave  between  the  cells  fine 
dbajmels  through  which  it  is  conceived 
Hatrient  plasma  may  be  conduct od 
to  the  cells  (Bizzozero).  These  so- 
called  '*  prickle-oells "  fonn  several 
Knta  ;  aoove,  they  become  gradually 
more   flattened,    conformably    to    the 

garfieuae,  nntil  a  layer  is  reached  in  which  tlie  outlines  of  the  cells,  which 
ire  two  or  three  dc^p,  are  indistinct,  so  that  in  section  they  apyiear  to  form 
a  clear  almost  homc*geneous  layer  (siralum  fwidmi^  Och'l  :  fig.  **]!>,  sJ), 
Immediately  below  the  stratum  lucidum  a  layer,  often  iuconi[>lcte,  of 
graoalar-looking,  flattened  cells  is  usually  to  he  seen  ( Langerbuns).  The 
granules  in  these  cells  are  composed  of  a  peculiar  matter  staining  deeply 
with  carmine,  and  they  are  thought  by  somo  to  have  an  intimate  relatiori 
to  the  formation  of  the  homy  substance  in  the  more  superficial  ceils. 
Immediately  above  the  stratum  lucidnra,  which  may  be  looked  upon  as 
the  commencement  of  the  horny  layer  of  the  epidermis,  is  a  stnitum  of  con- 
siderable thickne^  in  whicli  the  cells  are  much  enlarged^  and  the  nuclei 
in  many  cases  no  longer  visible  (jsir) :  towards  the  surluce  they  pass  intc* 
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the  hard  flattened  scales  (s)  which  are  to  be  throtrn  off  by  deaquutmt  3 
As  the  cells  change  their  fiirm,  thej  undergo  chemical  and  phjail 
chaogcs  in  the  nature  oF  their  contents  ;  for  in  the  deeper  laymd 
eonsist  of  a  soft,  granular^  protoplasmic  matter*  eoliihle  in  acetic  i 
whilst  the  superficial  ones  arc  transparent,  dry,  and   homy,  audi 
not  alTectcd  by  that  reagent.     These  di7  hard  scales  may  be  mA\ 
reassume  their  cellular  form,  by  exposure  for  a  few  minutes  to  at     " 
of  caustic  potash  or  soda,  and  then  to  water.     Under  this  treatnrr; 
they  are  softened  hy  the  alkali,  and  distended  by  imbibition  of  water, 

Many  of  the  cells  of  the  cuticle  contain  pigoient-gTannles,  and  if. : 
give  the  membrane  more  or  less  of  a  tawny  colour,  even  in  the  ivy 
races  of  mankind;  the  blackness  of  the  skin  in  the  negro  iiv\'^' 
entirely  on  the  cnticlc.     The  pigment  is  contained  principally  in  il*  1 
cells  of  the  deep  layer  or  rele  mucosum  {fig.  220),  and  appears  to  itk  1 
as  the  cells  approach  the  surface,  but  even  the  superficial  part  potteiB| 
a  certain  degi'ee  of  colour. 

In  the  intercellular  channels  of   the  Malpighian   layer  lymph-r.^f' 
puscles,  rounded  or  branchetl,  are  occasionally  obsen^ed.      They  are  a  I 
ail  probability  derived  from  the  subjacent  conum. 

Nerves.^Fiue  varicose  nerve-tibrils  pass  up  into  the  epidema,  1 
penetrating  between  the  cells  of  the  Malpighian  layer  (fig.  219),  wh«R 
they  undergo  a  certain  amouut  of  ramification.  The  bninches  do  w*  I 
unite  with  one  another  to  form  a  network,  but  end  in  knob-like  sweUiii^  1 
or  varicosities.  With  the  growth  and  displacement  of  the  cells  betwe»ii 
which  they  are  placed,  these  varicosities  become,  according  to  ^Bmwt:, 
continually  detached  from  the  end  of  the  fibrils,  the  latter  meaawhik 
growing  constantly  to  supply  the  place  of  the  detached  portions. 

In  the  akin  ooYerlng  the  enoub  of  certain  animals  (f.g,  mole)  the  nerra  end  tft 
pecnUar  terminal  organs  (Eimer),  formed  of  thick^ninga  of  the  epidermis,  tk 
sierre- fibres  passing  aa  &n  elong&ted  bnnch  of  closely  Bet,  somewhat  oga^ 
-VAricojie,  tmbranched  fibril.'!  between  the  epulermis-cella.  Besides  these  fibnk 
there  are  others  at  the  periphcfry  of  the  organ  which  are  less  closely  Mnzi|«^ 
and  termlne^te  in  branched  extremities  as  in  other  ptirbs  of  the  epidermis. 

Merkel  has  described  the  nerves  of  the  epidermie  as  ending  in  pyriform  oeDi 
<tactUo  celk)  placed  between  the  ordinary  epithchal  cells ;  and  others  haTe  thoofhl 
that  the  nenrea  oonld  be  traced  to  i^tellate  oella  in  the  inberetitial  spaces,  but  fm 
proved  methoda  of  Btaining-  with  chloride  of  gold  which  have  been  emplofadtn 
the  invc^tigntion  would  sec  10  to  render  it  probable  that  the  terminatioQ  of  the 
nerYe-fibrili!  in  the  cuticle  m  always  free  aa  above  deacribed. 

Formation  and  irrowtb  of  Epidermis. — In  the  earliest  oonditicm  of  the  em- 
bryo there  is  a  special  layer  of  cells,  the  ectoderm  or  cpibla«t»  set  aside  chiefly  (br 
the  production  of  the  cpidemiis  ;  and  it  is  probable,  that  the  subsequent  g^simlioM 
of  epidermio  celli  by  which  the  ti^^sue  is  tbronghont  life  maintained,  toe  doMI 
by  unbroken  descent  from  the  original  embryonic  stratum.  At  first  the  odk 
form  a  single  oolnmnor  layer,  but  by  dirisioa  of  its  cells  a  homy  layer  early  makei 
ita  appearance,  being  represented  at  first  by  but  a  single  layer  of  large  polygenil 
cells,  covering  the  layer  of  smaller  and  more  columnar  cells  (Kollikcr).  The  latlBr 
€toon  divide  again  and  prodnce  a  second  row  of  rounded  cells  superficial  to  tlieai^ 
and  the  increase  of  thickness  which  is  thus  beg^n  continuee  by  f  nrther  diviaitt 
of  cell>4  in  the  deeper  layer;^,  ^  that  before  long  the  l^Ialpighian  layer  has  beoose 
exti-emely  well  marked.  Meanwhile  its  more  PU|>erf!cial  c<»Ils,  undergvnng  i 
chemical  tmnsformation  and  beooining  flatten  oil  out,  have  been  added  on  to 
the  under  surface  of  the  homy  layer,  and  this  change  proceeds  until  the  moooitf 
and  homy  layers  are  about  of  equal  thickness.  After  a  time  the  snperfloial  oeUi 
of  the  homy  layer  begin  to  desquamate,  and  this  process  goes  on  during  the  teit 
of  fcetal  life,  Uie  osst-o£E  Bcalca  appearing  partly  in  the  Uquor  amuii,  and  aln. 


STBTTCTUBE   OP   THE   COEIUM.  239 

I  with  tbe  ■ccretion  of  the  sebaceous  glands,  forming  the  so^salled  yemix 
B  ooYering  the  whole  surface  of  the  f oetos. 

)  pigment  of  the  Malpighian  layer  in  the  ooloored  races  of  mankind  fre- 
f  does  not  appear  nntil  a  day  or  two  after  birth. 
B  growth  of  epidermis  oontinnes  throughout  life.  The  cells  of  the  Malpi- 
I  lajer  are  constantly  undergoing  multiplication,  and  the  new  cells  thus 
loed  push  outwards  those  which  are  preyiously  formed.  The  more  superficial 
sof  the  Malpighian  layer  are  thus  continually  passing  on  to  reinforce  the  homy 
r,the  cells  as  they  proceed  outwards  becoming  flattened  and  transformed  into 
matter.  Tliis  change  seems  to  occur  quite  abruptly  when  the  stratum 
i  is  reached ;  beyond  this  the  cells  again  swell  out  somewhat,  until  on  reach- 
'  the  most  superficial  layers  they  are  entirely  transformed  into  structureless 
ny  scales  whidh  are  constantly  undergoing  desquamation. 
%erc  is  reason  to  suppose  that  the  regeneration  of  epidermis,  when  a  portion 
I  been  removed  by  a  blister  or  wound  of  any  kind,  takes  place,  like  its  growth, 
'  from  cells  of  the  Malpighian  layer.  If  the  whole  of  the  ^idermis  has 
destroyed  or  mnoved  over  an  extensive  surface,  the  process  of  regene- 
n  is  very  slow,  since  the  new  covering  has  to  grow  in  from  the  epidermis  at 
e  margins  of  the  wound.  But  if  the  deeper  cells  have  not  been  wholly  re- 
ared the  regeneration  may  start  from  the  places  where  any  of  them  still  re- 
,  and  the  formation  of  the  new  covering  is  proportionately  quicker.  In  the 
^^icntion  of  skin-grafting  so-called,  the  surgeon  endeavours  to  transplant  from 
^  bealthy  portion  of  skin  small  pieces  of  the  epidermis,  including  its  deeper  layers, 
%»  the  A^ru^p^  surface :  if  the  operation  succeed,  each  such  graft  acts  as  a  centre 
^om  which  the  new  formation  of  epidermis  may  spread,  and  in  this  way  the 
^w  surface  may  be  much  more  speedily  covered. 

The  Tma  Bkan,  Catis  Veztt,  Derma,  or  Coriuin,  is  a  sentient  and 
Tascolar  fibrons  texture.  It  is  covered  and  defended,  as  already  ex- 
plained, by  the  non-Tascolar  cuticle,  and  is  attached  to  the  parts  beneath 
by  a  layer  of  areolar  tissne,  named  **  subcutaneous,"  which,  excepting  in 
few  parts,  contains  fat,  and  has  therefore  been  called  also  the  ^'  panniculus 
%dipo6as"  (fig.  221,  d).  The  connection  is  in  many  parts  loose  and  move- 
able, in  others  close  and  firm,  as  on  the  pahnar  surface  of  the  hand  and 
the  sole  of  the  foot,  where  the  skin  is  fixed  to  the  subjacent  fascia  by 
nnmerous  stout  fibrous  bands,  the  space  between  being  filled  with  a  firm 
padding  of  fat.  In  some  regions  of  the  body  the  skin  is  moved  by 
striated  muscular  fibres,  which  may  be  unconnected  with  fixed  parts,  as 
in  the  case  of  the  orbicular  muscle  of  the  mouth,  or  may  be  attached 
beneath  to  bones  or  fascue,  like  the  other  cutaneous  muscles  of  the  face 
and  neck,  and  the  short  palmar  muscle  of  the  hand. 

Struciiuf. — ^The  cutis  vera  is  made  up  of  an  exceedingly  strong  and 
tough  firamework  of  interlaced  connective  tissue  fibres.  The  fibres  are 
chiefly  of  the  white  variety,  such  as  constitute  the  main  part  of  the 
fibrous  and  areoUir  tissues,  and  are  arranged  in  stout  interlacing  bundles, 
except  at  and  near  the  surface,  where  the  texure  of  the  corium  becomes 
finer  and  closer.  With  these  are  mixed  elastic  fibres,  which  vary  in 
amount  in  different  parts,  and  connective  tissue  corpuscles,  which  are 
often  flattened  up  against  the  bundles  of  white  fibres.  Towards  the 
attached  surface  the  texure  becomes  much  more  open,  with  larger  and 
larger  meshes,  in  which  lumps  of  fat  and  the  sweat  glands  are  lodged  : 
and  thus  the  fibrous  part  of  the  skin,  becoming  more  and  more  lax  and 
more  mixed  with  fat,  blends  gradually  with  the  subcutaneous  areolar 


In  consequence  of  this  gradual  transition  of  the  corium  into  the  sub- 
jacent tisBoe,  its  thifikn<yM  cannot  be  assigned  with  perfect  precision. 
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Ab  a  general  rule,  it  is  tliicker  on  the  posterior  aspect  of  the  head,' 
and  trunk,  than  in  front  ;  and  thicker  on  the  onter  than  on  tbe 
side  of  the  limbs,  and  as  well  as  the  cntiele,  it  is  remarkably  tU 
the  sok^s  of  the  feet  nnd  palms  of  the  hands*  The  skin  of  tbd/ 
thinner  than  that  of  the  mule. 

The  skin  i§  generally  eaicl  to  Tuea^qino  from  Yw^h  of  an  inch  to  ne 

moh  ('5  to  3  milliioeteni)  ;  l>ut  it  lias  been  pointed  oat  by  Wurron  tKiil,i 

and  sboTildei-s,  it  may  be  as  tMck  as  5  or  (i  mm.  ;  nnd  here  it  i«  atma«l7 
formed  of  dense  imastoinoflmg^  bundles  of  connective  tmue  ;  sending  dovu 
cme  hand  fibrous  {irolongationti  through  the  subjacent  pannlculus  adipo4 
bein^  penetrated  obliquely  on  the  other  hand  bv  columns  of  fat  cdi% 
extend  from  that  layer  to  the  ba^es  of  the  smaM  hair-follIoleSr  and  oondad 
TeHBela  to  the^e  and  to  the  Burf  ooe  of  the  sldii. 

Bundles  of  plain  imiscular  tissue  are  distributed  in  the  anbflUl 
the  corium  wherever  hairs  occur  ;  tiieir  oonnectiiui  with  the 
will  be  afknvards  explained.     ^Muscular  bundles  of  the  Bame  Id 
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Fig.  22L  — ViiiTicAi.  ficTioK  or  tub  sris  AifU  «tr»oirTjur»oTO  Tt»vi«  wwm  1 
»Hi  xnuMB,  ACEoas  TU«  Mii>cM  AiRj  FuiRoira,     llioinmD  20  MAI 

a,  homy,  an^l  ft,  Mdpighi*n  layer  of  the  ejtidcnnU  ;  c,  corium  ;  d!,jMifi»i>iiliit«^ 
e,  papilJie  on  the  x\^^»  \  /,  faVclu&ten  ;  y,  swcAt-gliiiid« ;  A,  sweaCdocts ;  i^  Ik 
ingi  on  tUe  nirface. 


foimd  ill  the  suV»ciitaneong  tissne  of  the  scrotum,  p^ 
areola  uf  the  nipple,  Jis  well  as  in  the  nipple  it^lf.  lj 

retieular  liiyers,  attached  to  the  nnder  surface  of  the  coriuuu 
aretila  they  are  dtsposed  circularly. 
i'ar  canv'cmeuoe  of  desoiptiou  it  is  not  unusoal  to  apeik 
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parts  of  the  ski  a  endowed  with  less  tactile  sensibility,  the  i 
smaller,  shorter,  fewer  in  innnl>er,  and  irrejTularly  Bcatt^encd.  i 
thej  are  reduced  to  from  -^^  to  -^^,-  of  an  ineh  ;  and  licre  th 
disappear  alt^jgether,  or  are  rephioed  by  slightly  elevated  retict 
Fine  bIiH>d- vessels  enter  most  of  the  papillip,  formiiio:  eit 
capillary  h<}\}.^  in  eiic^h,  or  dividing  into  two  or  more  capillar 
according  to  the  size  of  the  papilla  and  its  simple  or  cump 
which  turn  ronnd  in  the  form  of  loops  and  return  to  the  vel 
papilUc  receive  nerves,  to  be  presently  noticed 

Blood-vessels  axid  Ijmpliataos,^ — The  arteries  divide  i 
cutaneoiw  tissue,  and^  as  their  branches  pass  from  this  deep 


Jig.  223. 


Fig,  223.— Maonifikd  vtbw  of  Foca  of  ti 
mm    EPTi^Eiisas,    with    suoar    ruRnoira 
ACBi>sa  THE^M  :  ALSO  THA  ofjururofl  OF  TllS  i 

DUOTS  (after  Brescket).  JM 


towards  the  surface  of  the  skin,  tl 
offsets  to  the  fat-clusters,  sweat-gl 
hair-follicles.  They  divide  and  I 
again  near  the  surface,  and  at  leng-th, 
ing  it,  form  a  network  of  capillaries, 
gonal  meshes.  Fine  looped  branches 
the  superficial  arteries  into  the  papiUfe, 
mentioned.  The  veins  closely  aocoi 
arteries. 

Lymphatics  are  found  in  all  parte, 
prohahly  not  evcr}^vhere  in  equal  nnw 
are  abundant  and  krge  in  some  parts  of  the  skin,  as  on  ti- 
and  round  the  nipple.  They  form  at  least  two  networks,  one 
and  another  more  deeply  situated,  which  intercommunicate  h 
vessels,  whilst  the  dee])er  net- work  joins  the  lymphatics  of  tlw 
neons  tissue,  Acconling  to  Klein  there  is  a  continuous  plexii 
the  whole  thickness  of  the  corium,  and  all  the  vessels  possess  va 
most  superficial  network,  although  close  to  the  surface  of  the  ^ 
l>eneath  the  net  of  superficial  blood-capillaries,  which  are  raw 
than  the  lymphatic  capillaries.  In  certain  piirts  on  the  jmlm 
lymphatics  pass  into  the  papilltc,  but  do  not  reacli  their  summit 
lymphatics  accom]>any  the  blood-vessels,  two  jwissing  comm< 
each  sraall  artery  tmd  vein,  and  joining  and  anastomosing 
vessels. 

A»  in  other  kinds  of  connective  tissue,  tlie  lymphatics  of  the  skin  i 
to  oriirLnttte  in  the  ceU-B|MU5es  of  the  ti.«3iie,  and  mmye  the  cell^  lie  f 
part  in  rovrs  between  the  bandies,  the  combined  spaces  form  interfiiaci 
which  can  he  injected  with  the  Ijrmphatios.  Tlie  snperficiid  cell-itpttoe 
cate  with  the  intercellular  channels  of  the  epithelium,  and  thus  th< 
brcjught  into  connection  with  the  lymphatics.  The  oell-spaces  of 
tis.^ue  cftn  siiiiilarlj  be  injected. 

If emres*— Xerves  are  supplied  io  very  differcnt  proportions  t 
regions  of  the  skin,  and  according  to  the  degi-ee  of  seusibili 
]uiss  upwards  towards  the  papiOary  surface,  where  thev  fonn  pi 
which  the  meshes  become  closer  as  they  approach  tlie  surfac 
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terminateg  in  front  bj  the  "  free  edge."  A  email  portion  c 
netir  the  root,  named  from  ?tB  i5hrii)e  the  lumilff,  is  wliiter  tha 
This  appearance  is  dnc  partly  to  Buine  de£,Tce  of  opacity  of  th( 
of  the  nail  at  t\m  point,  and  partly  to  the  skin  beneath  bein 
ciilar  than  in  front. 

The  part  of  the  corium  to  which  the  nail  h  attached,  and 
in  fact  it  is  secreted  or  generated,  is  named  the  matrix.  This 
the  skin  is  highly  vascular  mid  thickly  covered  with  lar« 
piipilli^?.  Posteriorly  the  matrix  forms  a  cresceutic  gi^oove  oi 
in  the  middle  but  gettinfi:  shallower  at  the  sitles,  which  Iod| 
of  the  nail  ;  the  rest  of  the  matrix*  before  the  tjroove»  is  iisu 
the  bni  of  the  nail.  The  small  li|^bter  coloured  part  of  the  r 
the  groove  and  coiTespondiii*]^  wtth  the  hinnla  of  the  nail, 
witli  papilla;  havint,'  no  regular  arrangement,  but  the  whole 
surface  of  the  matrix  situated  in  front  of  this,  and  supporting 
of  the  nail,  is  marked  with  longitudinal  and  ^ery  slif^htly 
ridges  cleft  at  their  summits  into  rows  of  papilkie.  These 
taming,  as  they  are  sometimeB,  and  perhaps  more  suitably. 

Fig,  225.  Fig,    225,  —  Vertical 

BKCTI03I  TatvOUGH  A  K 

OP  xnE  JTAit  Airi>  )ti 
MAGNIFIED  (KoUiker). 

A,  coriitm  of  the  Da 
into  ridges  or  ItuQiiiai, 
t«jtweeii  eorrespoiifliDg 
the  DalJ ;  B,  Malpighitti, 
layer  ;  d,  deepijst  and  \ 
f,  upiwr  more  flattened 
pighian  layer. 

into  corresponding 
the  nnder  surface  o 
The  cutiele,  ad\^i 
the  dr>rsum  of  the 
doubling  back,  b€< 
tinuotis  with  the  n 
])osterior  edge,  tl 
round  the  margin  oi 
in  which  the  nail 
z  in   front  the    cuti< 

point  of  the  fingi 
continnous  with  the  under  surface  of  the  nail  a  h'ttlc  way 
free  edge. 

The  nail,  hke  the  cuticle,  is  made  up  of  epithelial  cells.  Th 
most  superficial  of  these  arc  the  broadest  and  haixlestj  but  al 
time  very  thin,  and  bo  intimately  connecte<l  together  that  tl 
tive  limits  are  scarcely  discernil>le.  They  form  the  exterior, 
of  the  uail,  and  cohere  together  in  irregular  layers,  so  as  t< 
part  a  lamellar  fetruetiire.  On  the  other  hand,  the  youngest  c 
are  those  Jsituated  at  the  root  and  under  surface,  are  softei 
rounded  or  polygonal  shajx?.  The  deepest  layer  differa  some 
the  otliers,  in  having  its  cells  elongated,  and  arranged  perpc 
as  in  tlie  case  of  the  epidermis.  Thus  the  imder  jiart  of  th 
225,  b)  corres]Xjnds  in  nature  with  the  Malpighian  or  mace 
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mis,  and  the  upper  part  (o)  with  the  homy  layer.  As  in  the 
3  epidermisy  the  hardened  scales  of  the  nails  may  be  made  to  re- 
eir  cellular  character  by  treatment  with  caustic  alkali,  and  after- 
h  water ;  and  then  it  is  seen  that  they  still  retain  their  nnclei. 
owth  of  the  nail  is  effected  by  a  constant  generation  of  cells  at 
md  nnder  surface.  Each  successive  scries  of  these  cells  being 
ind  pushed  from  their  original  place  by  others,  they  become  flat- 
0  diy,  hard,  and  inseparably  coherent  scales.  By  the  addition 
Us  at  the  posterior  edge  the  nail  is  made  to  advance,  and  by 
ition  of  similar  particles  to  its  under  surface  it  grows  in  thick- 
that  it  is  thicker  at  the  free  border  than  at  the  root.  The  nail 
18  merely  a  modified  and  exuberant  part  of  the  epidermis,  the 
at  one  time  raised,  whether  that  membrane  is  continued  under- 
loses  its  significance.  When  a  nail  is  thrown  off  by  suppura- 
pidled  away  by  violence,  a  new  one  is  produced  in  its  place, 
any  of  the  cells  of  the  deeper  layers  of  the  epithelium  are  left. 

ton  and  growth  of  the  Nails. — In  the  third  month  of  intra-nterine 
jt  of  the  embryonic  corium  which  becomes  the  matrix  of  the  naU  is 
!  by  the  commencing  cnrrilinear  grooye,  which  limits  it  posteriorly  and 
The  epidermis  on  the  matrix  then  begins  to  assume,  in  its  under  part, 
ters  of  a  nail,  which  may,  therefore,  be  said  to  be  at  first  embedded  in 
niic  cuticle.  The  rudiment  of  the  nail  proper  first  appears  at  the 
art  of  the  matrix,  and  grows  forward  from  tliis  over  the  bed  (Unna). 
skd  of  the  fifth  month  it  becomes  free  at  the  anterior  border,  and  in 
li  month  decidedly  beg^ins  and  thenceforth  continues  to  grow  in  length, 
le  free  end  is  long  and  thin,  being  manifestly  the  earlier  formed  part 
been  pushed  forward.  This  breaks  or  is  pared  off  after  birth,  and,  as 
36  nail  continues  to  groWj  its  flattened  cells,  at  first  easily  separable, 
tder  and  more  coherent,  as  in  after-life. 

zage  rate  of  growth  of  the  nails  is  about  j^  of  an  inch  per  week. 
ODnd  that  the  nails  grow  rather  faster  in  summer  than  in  winter,  and 
B  light  hand  than  in  the  left.  He  also  observed  a  difference  in  the  nails 
i  fixigen :  thus  the  growth  was  fastest  in  the  middle  finger  and  slowest 
nmb.  A  careful  series  of  experiments  by  H.  J.  Benham,  haye  con- 
stally  the  observations  of  Berthold,  but  no  clear  difference  could  be 
«feween  the  two  hands,  and  the  growth  appeared  to  be  slowest  in  the 
c    In  some  individuals  these  differences  were  not  observed. 


BAnts. 

'  consists  of  the  root,  which  is  fixed  in  the  skin,  the 
stem,  and  the  point.  The  stem  is  generally  cylindrical,  but 
re  or  less  flattened  :  when  the  hair  is  entire,  it  becomes  gra- 
laller  towards  the  point.  The  length  and  thickness  vary 
I  difierent  individuals  and  races  of  mankind  as  well  as  in 
regions  of  the  body.  In  the  straight-haired  races  the  indi- 
An  are  coarser  and  thicker  and  the  section  more  circular  than 
oUy-haired  races,  in  which  the  section  is  smaller  and  oval,  the 
ig  sometimes  markedly  flattened.  The  section  is  largest  in 
1  American  Indians,  Chinese  and  especially  in  the  Japanese. 
nired  hair  is  usually  finer  than  black. 

an  is  covered  with  a  coating  of  finely  imbricated  scales,  the 
piojeetin^  edges  of  which  give  rise  to  a  series  of  fine  waved 
\  lines,  which  may  be  seen  with  the  microscope  on  the  surfeco 
ir  (fij.  226,  a).    Within  this  scaly  covering,  by  some  called 
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the  hair-cuflele,  ib  2k  fibrous  subs/ance  which  in  all  ci 
the  chief  part  and  often  the  whole  of  the  stem ;  hat 
the  axiH  IB  occupied  by  a  substance  of  a  difTerent  na^um  i 
medulla  or  />////.      The  fibrous  subsfafue  is   tTan^uoenL, 
]on<(itudiual  opaque  streaks  of  darker  colour  ioteonix^ 
broken  up  int^j  straight,  n'gid,  longitudinal  fibres,  whidi,  ^ 
rated,  are  found  to  l>e  flattened,  broad  in   the  mMdk  a 
at  each   end,   with  dark  and  rough  edges.      The   Sbru 
be  resolved  into  flattened  cells  of  a  fusiform  ontline  ;  tboe  i 
transparent,  or  marked  with  only  a  few  dark  £pec^ 
of  the  fibrous  substance  is  caused  by  oblong  patches  of  pip 
and  generally  dilTused  colouring  matter  of  less  intena^f. 

Fig.  226. 


^ 


Fig.  226.—  A,  BuRPACV  or  a  whitk  hair,  xAQHiTncD  160  i^ui 

LliriS    MARK   TIIK   UPPIB    OR    FRII    BDQB9    OP     TUB    OORTlCAl  ; 

8CALB0,  MAOHiPiBD  850  DiAMiTKB  (after  Kdlliker). 

elongated  nuclei  arc  also  discovered  by  means  of  reagents,  wMfe* 
or  marks  of  another  description  in  the  fibrous  subetanee  are  o< 
by  minute  irregularly  shaned  cavities  containing  air.     Tbew  m- 
nulcs  are  abundant  in  white  hairs,  and  are  best  seen  in  thm» 
being  no  risk  of  deception  from  pigracnt-speckE  ;  indeed  they 
altogether  wanting  in  very  dark  hairs.     Viewed  by  transmittd 
they  arc  dark,  but  brilliantly  white  by  reflected  light.     When  i 
hair  has  been  boiled  in  water,  ether,  or  oil  of  tiirpentme,  these 
bec<jmc  filled  with  fluid,  and  are  then  quite  pellucid  ;  but  when  • 
which  has  been  thus  treated  is  dried,  the  air  quickly  finds  its  way 
into  the  lacunae,  and  they  resume  their  original  afij>ect. 

The  medulla  or  pithy  as  already  remarked,  does  not  exist  in  all 
It  is  wanting  in  the  fine  hairs  over  the  general  surface  of  the  bodtj* 
is  not  commonly  met  with  in  those  of  the  head  ;  nor  in  the  w 
children  under  five  years.    When  present  it  occupies  the  centre  ef 
shaft  and    censes  towards  the  ]X)int.      When  viewed   by   ' — ^"^ 


light,  it  is  more  oj^iique  and  deep-coloured  than  the  fibroas  part;' 
reflected  light,  on  the  other  hand,  it  is  white,  its  colour  bein^  ""^ 
due  to  the  contained  air-particles.     It  is  composed  of  rows  of  i 


dillering  in  shaiM?,  but  generally  angular^  and  containing  miirtr 
j)arti('les,  some  n*seml)ling  fine  fat  grjuiules,  intermixed  with  minute  tf^ 
bubbles.  The  whole  fonna  a  continuous  dark  mass  along  the  middkof 
the  stem,  interni]>ted  at  jmrts  for  a  greater  or  less  extent.  In  theUMff 
case,  the  axis  of  the  stem  at  the  interruptions  is  fibrous  like  the  l^^ 
rounding  parts. 

The  root  of  the  hair  is  lighter  in  colour  and  softer  than  thesfeem; 
it  swells  out  at  its  lower  end  into  a  bulbous  enlargement  or  knob  (fig* 


-> 


^ 


with  some  iwedfina,  and  not 
J  BO  hlgii  M  Ike  iBoalk  of  tiie 

SiBide  ;  it  ooffve^ondi  inUi  tlae  mcaai- 

In&ft  propria  or  tmoDaii  menfaraiie 

if  aQied  gin»et4irBt,    Benpeen  tiie  two 

ii  m  layer  cxtetidhig  front  the  bottaa  of 

IW  fciticie  a»  Ittgiiw  tiie  entoaoe  of 

the  «eiMoeoii0  glttidi)»  campoaed  of  an 

indjitinctihr  filiraiit  mtdx,  wlndi  tenm 

tmi8¥efae7,  and  of  Ummmij  di»-  «^ 

posed  cxMU^ectiTe  twae  caqoiclei,  vfth 

dUoo;  midei  (fi^*  tS9«r).    lUt  kfer  k  coodiincxii  widi  tiK  ocH^l^ 

«laiy  part  of  the  cntiBTeni,  tad  ita  Mood  leMJa  are  cwnthiiifiaa  abg^ 
thoee  of  that  lajer. 
e  (^MMsfemtf  flso^  of  the  Mide  iiBMni  dod^  la  tbe  root  of  tiie 
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hair,  and  commonly  Beparafcos,  in  great  part,  from   the  follicfej 
abides  by  the  hair  wlicn  the  latter  is  juillifd  out ;  hence  it  is  somrf 
named  the  '*  root -sheath/'      It  consiBts  of  an  out4?r,  softer,  mi\ 
ox^ique  stratimi  (fit^.  22Q,  p),  next  to  the  dermic  coat  of  the  follide,! 
an  internal  more  transparent  layer  (fi|Z-  SifP,/  //)  next  to  the  hair*  1 
former,  named  aLgo  the  oidfr  rooi'slwith,  ami  by  nmeh  t!ie  thicker  ottj 
two,  corresponds  with  the  Jlalpifrliian  layer  of  the  epidormiis  iu  gcnf 
and  contains  soft  pjljgoual  cells,  ineiudin^  pigment-granules  IB  ( 

Fig.  229. 


Fig.  228.— Magnified  tikw  q7  the  bottom  op  a  nAXR*F0LucrLK  (after  Koli 
a,  hair  showing  meduna,  fihmiis  Fuhatancc,  and  cutick* :  b,  inner,  ami  r,  ooler  1 
of  the  epidenniii  I  tiling  f>f  the  Jmir-foilicle ;  *i^  dormic  or  exteriuil  coat  of  the  iuur*foll 
ahowM  in  part ;  f,  [mbricated  ecrsles  aboTc  forming  a  cortical  lajer  on  the  surbftof  I 
hair.  The  adjacent  cuticlo  of  tlie  root-sheath  m  not  repreaenteJ,  and  the  |M|itIll1 
otdy  faintly  indicated  in  the  lower  part  of  the  knob. 

Fig.  229, — Srction  op  iiAm-roLLrcLE  {Biesiadecki). 
1,  Dermic  coat  of  follicle  ;  2,  epidermic  coat  or  r&ot*?heath  ;  d,  outer  lajrer  of  tarie 
coat,  with  blockl-ve&flelH,  b,  b,  cut  acroa^ ;  r,  middle  layer  j  cf,  inner  or  hyaline  Uycr;  fi 
outer  root«8hcath  ;  /,  ff^  inner  rocvt^fihcLith  ;  A,  cuticle  of  root-eheath  ;  *,  hair. 

coloured  races,  which  at  the  lower  part  fonn  a  nnich  thinner  stratum  and 
pass  continuously  into  those  of  the  liair-knob  ;  the  internal  layer  or  infm 
rooi'sheaili^  represents  the  snperfieitd  or  horny  layer  of  the  epidermis*  bol 
is  nnt  continuous  with  that  part  of  the  skin,  ceasing  abruptly  a  liu)p 
below  the  orifices  of  the  Kebaccous  ducts.  Lining  the  root -sheath  int<T- 
nally  is  a  layer  of  irahrieated,  downwardly  projecting  scales,  the  aiHetnf 
the  root-shmth  {fi^.  t'2*^,  A),  which  is  applied  to  the  cuticle  of  the  biff 
projK?r,  to  whose  upwardly  directed  scales  it  fits  like  a  mould.  Its  aaIb^ 
as  wx'll  as  those  of  the  liair-cuticle,  pass,  at  the  Ixjttom  of  the  fofficK 
into  a  layer  of  columnar  cells  which  covers  the  eurflice  of  the  hair-knoik. 
The  inner  root-sheath  itself  consists  of  two  layers,  which  towards  thft 
bottom  of  the  follicle  become  blended  into  one.  The  innermost  (f 
next  the  cutieola)  is  known  as  Hftxietjs  lat/er  ;  it  consists  of  flattii 
polygonal  nucleated  cells,  two  or  three  deep.  The  outennost  {HmiVi 
layer)  is  composed  of  oblong,  somewhat  flattened  cells  withoat  nadei* 
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which  gape  frequently  occur,  so  as  to  give  it  the  aspect  of  a  per- 
membrane.     At  the  lower  part  both  layers  pass  into  a  single 
r  uf  larjze  polyg^onal  nucleated  cells  without  openings  between  thenu 
[the  uf»i»er  i>art  also  of  the  follicle  the  two  layers  of  the  iuner  root- 
"i  are  not  distinguishable  from  one  another  (Elmer). 

Bcift^  bulliKjus  enlargement  of  the  root  of  the  liair  is  attached 
tiMe  to  the  bottom  of  the  follicle,  and  at  the  circumference  of 
[■ttached  jiort  it  is  contmnous  with  the  epidermic  liinn^  (fi*(.  228), 
the  bjt torn  of  the  follicle  it,  in  fact,  takes  the  place  of  the  epider- 
,  of  which  it  is  a  growth  or  extension,  and  this  part  of  the  follicle 
true  matrix  of  the  hair,  being,  in  reahty,  a  part  of  the  corinm 

1 230.       SECTIOIf    OF     TBIt    SKlSf   OF    THK 
,  WTTB  TWO  HAIR  FULLICLES,  ^LiaUTLT 

wiwim^  (Kbiiiker). 

b,  corittm  ;  e,  nmtel^  of 


-T^. 


"^tl 


M 


}xmgh  sank  below  the  general  siir- 
De),  which  supplies  nmterial  for 
e  pfodoction  of  the  hair.     From 

^llotU>In  of  this  follicle  rises  a 
I  Taeciikr  papilla,  usually  of  a 
ngi-form  fthape  (fig.  227,  p).    The 
pilln  fit«  into  a  corresponding  excavation  of  the  bair-knob.     In  the 
haire  on  the  snout  of  the  seal  and  some  other  animals  it  is 
ijons.     As  the  follicle,  in  short,  is  a  recess  of  the  corinm,  so 
-papilla  is  a  cutaneous  papilla  rising  up  in  the  lx*ttom  of  it. 
^  branches  enter  the  hair-follicles,  but  their  final  distribntiuo  is 
scure.     Some  filaments  enter  the  pajiilla,  and  many  hhrea  ap|iear  to 
iter  the  epithelium,  where  they  prohably  end  m  in  the  Malpighian  layer 
the    epidermis.     In   the   tactile   hairs  of  animals,   the  nenes  arc 
scribed  (Schobl)  as  passing  upwards  over  the  ooter  ruot-sheath,  there 
ang  their  w^hite  substance  aud  furmin^  a  close  ]ilexns  with  vcrtictd 
esboi ;  finally  ending  in  an  annular  expansion,  which  encircles  the  bair 
eL  below  the  orifices  of  the  sebaceous  glanrls,  and  is  in  immediate  c^m- 
>etion  with  the  hyaline  layer  of  the  follicle.     lu  the  larger  tactile  hail's 
e  bulb  is  surroundtHj  liy  cavernous  tissue,  which  lies  between  the  outer 
id  middle  layei^  uf  tlK^  domiic  coat. 

ICiuclea  of  the  Hairs.— Slender  bundles  of  plain  muscnlar  tissne 
rrectores  plli)  are  connected  with  the  bair-follicles  (figs.  227,  2^^fM. 
bej  arise,  generally  by  a  nmnber  of  fasciculi,  from  the  most  superficial 
irt  of  the  ooriujn,  and  juining  to  foiTu  a  somewhat  fiatteued  and  plexi- 
tm  jnuBcle  they  pass  down  obliquely  to  he  inserted  into  the  outside  of 
le  fiiilicle  below  tne  setaceous  gland's,  which  they  in  a  measure  embrace 
» their  poasage.  In  the  dermic  coat  of  the  foUide  some  of  the  muscnlar 
bms  becinnetmnsTersc  and  partly  encircle  the  lower  part  of  the  follicle. 
bey  are  placed  on  the  side  to 'which  the  hair  slopes,  so  that  their 
tion  in  elevating  the  hair  is  evident. 

De^^opxii«&t  of  hair  in  tbe  foBtuB.— The  rndimenU  of  the  hairs  may  be  dis- 
fiwd  at  the  end  of  the  third  or  begmnmg  of  the  fourth  month  of  mtra-ntenne 
%  V  little  bUck  specks  beneath  the  cuticle  They  are  formed  of  down- 
jwtba  of  the  Malpighian  layer,  which  eink  into  the  corinm  (fiff.  231).  A 
limiting  membrane  next  appears  (i>.  indoang  the  ooUectwn  of 
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cells,  and  continnoua  above  "with  a  similar  simple  film  whicb  si  { 
between  the  cuticle  and  the  coriura  :  it  becomes  the  innennoet  or  1  ^ 
the  dermic  ooat  of  tho  follicle.    The  hMr-mdimcnta  next  lengthen  andi 
at  the  bottom  T  so  as  to  assume  a  flaiik-shape.    Outride  tho  limitaiy  i 
fibres,  corpuscles,  and  other  constituents  of  the  dermic  coat  of  the  foBidft 
formed*  \Miile  this  i»  going  on  outsjidc*.  the  cella  within  the  follicle  undeigaiii 
Those  in  the  middle  lengthen  out  conformably  with  the  aacis  of  the  fa 
give  rise  to  the  appearance  of  a  short  conical  miniature  hair,  faintly  ( 


Fig.  231. 


Fig.  231-— HAm^KtJWsfKirr  rioM  u 

Ol^   SIX  Vr^XKS,  XAONIFISD  SfiO  ItU 

(KiilUker). 

fij  horny,  and  6,  macoua  or 
layer  of  cuticle  ;  T,  limitary  meml 
cella  (fiome  of  wbich  are  asfoimin^  at 
figure)  which  chiefly  form  the  faiorel 


hy  difference  of  shade  from  the  surronnding  mass  of  cells,  which  are  i 
elongfatod,  but  acrosa  the  direction  of  the  folliclo*    The  papiHa  (fig,  232,1) 
up  from  the  corium  into  the  swollen  root  of  the  little  hair ;  and  the 
oetlfl  oo&taiued  mthiu  the  mdimentary  follicle  form  the  root-sheath,  tlie 


Fig.  232.— A.  RcwMiNT  or  a  haik  of  the  ETKaaow^,  maqktfibo  50  du 

(KiilUker), 

The  cells  forra  an  internal  cone  indicating  the  position  of  the  future  bair*    a, 
layer  of  cuticle;  fc,  mucoiiH  byer  ;  c^  cxtenial  kyer  of  root-siieath  ;  «,  Umitaryi 
A,  papilla. 

B. — HaIB-RUDIMENT    prom   TITE   EYEimoW,    WtTir   THE   TOUWO   HAJIl   KOT   Ylf  1 
THHO^GH    TRK    CUTICLK, 

<r,  liairkBoh  ;  /,  stem,  and  g^  point  of  the  liair  ;  d,  internal  layer  of  the  : 
still  indexing  the  hair  ;  n,  n,  commencing  sebaceoua  follicles, 

C— HAfa-raLLICtE  fROM  THE    KTKHROW  WITH    THK    HAIR  JUST  PR0TRtJl>E[»  ; 

LAYER  Ojr  TJiB   BOuT-SU£ATII   RIJJE3  TO   THK  MOUTH   OF  TIU  HAlR'>Ul.UCt.L  . 
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the  old  paplUa,  bnt  is  formed  in  a  fresb  liair-gerai  wliicb  bud»  ont  fm 
onter  root-sheafcli ,  and  in  which  a  new  papilla  becomes  developed  ;  the  old | 
and  hair-bulb  and  the  lower  part  of  the  primary  follicle  having  fictt  i 
gradually  atrophied.  When  a  hair  is  pulled  out,  a  new  one  gfrowa  in  iti 
pro  Tided  the  follicle  (from  which  the  growth  proceeds)  remains  emtire. 

Growth  of  hair.— On  the  surface  of  the  papilla,  at  the  bottom  of  the  t 
there  is  a  continual  multiplication  of  cells.  Theso  for  the  most  part  leng^ 
and  nnite  into  the  flattened  fibres  which  compose  the  fibrous  part  of  ih 
and  certain  of  them  ^retting  filled  with  pigment,  give  nse  to  the  coloured 
and  patches  in  that  tissae ;  their  nuclei,  at  first,  also  lengthen  in  the  sameii 
hut,  at  last,  partly  become  indistinct.  The  ceUa  next  the  circumference 
into  the  scales  which  form  the  imbricated  eutieular  laj'cr.  The  mednUa^i 
exists,  is  formed  by  the  cells  nearest  the  centre. 

The  substance  of  the  hair,  of  epidermio  nature,  is,  like  th©  cpidanni! 
quite  ezbravascnlar,  but  like  that  itmctme  also,  it  is  org&niBed  and  sni 
internal  organic  changes.  Thus,  in  the  progress  of  its  growth,  the  oeUi 
their  figurCt  and  acquire  greater  consistency*  In  consequence  of  their  elofl 
the  hair,  btdbons  at  the  commeiioement,  becomes  reduced  in  diameter,  aiw 
drical  above.  But  it  cannot  be  said  to  what  precise  distance  from  t 
organic  changes  may  eit43iid.  Some  have  imagined  that  the  hairs  are 
penneated  by  a  fluid  from  the  root  to  the  point,  but  this  has  not  beem 
The  sudden  change  of  the  colour  of  the  hair  from  dark  to  grey,  whid 
times  happens,  has  never  been  satisfactorily  explained :  it  ai>pearB  gena 
be  due  to  the  development  of  air  between  the  elongated  cells  composing  ti 

The  rate  of  growth  of  hair  is  about  hall-an-inch  per  month. 

Distribution  and  arrange m an t.-^ Hairs  are  found  on  all  parts  of  tl 
except  the  palms  of  the  hands  and  soles  of  the  feet,  the  dorsal  surfftot 
third  |>halangei  of  the  fingers  and  toes,  the  glans,  and  the  inner  surface 
prepuce.  On  the  scalp  they  are  set  in  groups,  on  the  rest  of  the  skin 
most  part  singly.  Except  those  of  the  eyelashes,  which  are  implanted 
dicularly  to  the  surfaoe,  they  have  usually  a  slanting  direction,  which 
slant  in  the  same  parts.  In  the  negro  the  hair  follicles  have  been  foci 
curved,  so  that  the  papilla  may  look  in  a  direction  parallel  to  or  even  awi 
the  surface  of  the  skin  (Stewart). 

With  the  exception  of  the  bones  and  teeth,  no  tissue  of  the  body  wit 
decay  after  death  so  long  aa  the  hair,  and  hence  it  is  often  found  pren 
sepulchres,  when  nothing  else  remains  but  the  skeleton. 


GLANDS    OF    THE    SKITT, 

Tlie  sndoriferoiis  glands  or  sweat-glamdi  (fi^s.  221  and  i 
TliDBe  lire  seated  on  tbc  tmder  surface*  of  the  coriniu,  and  at  \ 
depths  in  the  subcutaneous  adipose  tissue.  Tbcy  have  the  app 
of  small  round  reddish  bodies,  each  of  wliich,  when  examined  ii 
micrtiBcope,  is  found  to  consist  of  a  fine  tube,  coiled  up  into 
(though  Boraetimes  forming  an  irregular  or  flattened  figure)  ;  fron 
the  tube  is  continued,  as  the  duct  of  tlie  gland,  upwards  thr« 
true  skin  and  cuticle,  and  opens  on  the  surface  bj  a  slightlj  i 
orifice.  The  d«ct,  as  it  passes  through  the  epidermis,  is  ti;\idtd 
corkscrew,  that  is,  in  part«  uiiere  the  epidermis  is  siiflicieatly  tl 
give  room  for  this ;  lower  do\m  it  is  straight  or  but  slightly 
Sometimes  the  duct  is  formed  of  two  coilcd-up  branches  which  j' 
short  distance  from  the  gland»  as  in  fig,  2M,  The  tobe,  both  in  tl 
and  where  it  forms  the  excretory  duct,  has  an  investment  of  ooi 
tissue,  contiuuous  with  the  corium,  and  reaching  no  higher  t 
surface  of  the  true  skin,  and  within  tliis  consists  of  a  thin  mc 
propria  and  an  epithelial  lining,  consisting  in  the  gland  of  a  i 


I  or  a  Riga 


sweat-glands. 
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d  or  coltimiiar  cells  (often  conteininij  brownish  pijorment)  and,  in 

,  uf  two  or  more  hjers  txiiinded  next  the  lumen  l»y  a  line  cuticiilar 

^  The  epithelinmof  the  duct  is  continiious  with  th^  epidermis,  which 

the  twisted  part  of  the  duct.    The  tulic  is  briber  in  the  proper 

portion  of  the  gland  than  in  the  duct,  and  in  the  former, 

I — MAGXtflCD  TitW  Of     A    SWEkT-QlASP,    WITH    ITS  DtJCT  Fig,  234. 

(Wagner). 

I^SBd  nuTDODdod  by  rAt-ocUa  ;  l,  the  duct  pMBLiig  ifarOQgh 
ft  ;  r«  ili  coDtiDxiutioD  tLrougb  the  lower,  aad  d,  through 
r  puri  of  Ihe  epidermk. 

fen  the  epithehum  and  the  basement  membrane, 
i  later  of  plain  miiseular  fibres  longitudinallj 
These  are  absent  in  tlic  dnct,  which  is 
often  coiled  two  or  three  times  Ix^fore  leaving 
ig^land,  but  its  coils  are  distinti^uished  tixmi  those 
^e  gland  proper  by  the  diitTcnces  just  nientioned. 
p  fleoeting  cells  of  the  8weat'«,^landa  show  the 
fenliar  rod-like  structure  characteristic  of  many 
iDd-oellSy  and  minute  canals  arc  said  to  pass  frc»m 
I  lamen  of  the  tuixi  between  the  opp<iSed  surfaces 
the  cells  (Ranvier).  In  the  large  ^rlands  iu  tliL* 
Qlfi,  at  the  roc»t  of  the  peois,  on  the  labia  majora* 
d  in  the  neighbourhuod  of  the  anus,  the  layer  of 
D-fitriated  muscular  fibre-cells  between  the  e])ithe* 
la  and  basement  membrane  is  very  well  marked.  In  the  larger 
nda,  also,  the  duct  is  rarely  simple,  being  more  itsually  parted  by 
Kated  dichotomous  division  into  several  branches,  which  before  ending 
re  off  short  ca^cal  prrjoesses  ;  in  rare  cases  the  liranehcR  anaatonmse. 
I  carefully  detaching  the  cuticle  from  the  true  skin,  after  its  connection 


Fig,  235. 


\,  tas.  —  SicnoTf  or  a  sttrat* 
Bienadedu). 

%9  tsbules  at«  seen  v&noiiaTy  cut. 
haaeme&t-meiohmte ;  h,  linio; 
I  ;  CV  lomen  of  tub« ;  d,  blood- 
Hii  mad  wtitizi^  eociiieclivQ  tbsae. 


I  been  loosened  by  putrefae- 
I,  it  usually  hap[)ens  that 
cnticular  linings  of  the 
M  *  ducts  get  separated 
pa  their  interior  to  a  certain 

Ufa,  and  are  drawn  out  in  form  of  short  tiueads  attached  to  the  under 
&oe  of  the  epidcmiik?.  The  coils  of  the  gland-tube  are  loosely  held 
plher  by  connective  tigsiic  (fig,  23ri),  which  may  fc^rm  a  sort  of  cap- 
s  pound  the  body  of  the  gland.  Each  little  sweat-gland  is  supplied 
b  a  dense  cluster  of  capillary  blood-vessels. 

Matribution.— -Swettt-glnndi}  cxi^t  most  immerougily  in  reg-ioua  improvulttl 
ii  hAifs^  but  tbfij  occur  in  all  paxta  of  the  ekiHj,  and  may  iu  eome  cases 
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open  into  hair-folliolfis.    Aooarditig  to  KmtiHe,  nearly  2800  open  on  a  i 
of  the  palm  of  the  himd«  said  somewhat  fewer  on  an  ecfiml  extent  of  (be  i 
the  foot.     He  o&sigTiH  ratber  more  than  half  this  n timber  to  a  squiire  inebl 
back  of  the  hand,  aud  not  quite  so  many  to  an  equal  portion  of  sorfice  I 
forehead,  and  the  front  and  j^idea  of  the  neck.       On  the  breast*  i 
fore-arm.  he  reckons*  iibout  1 KHI  to  the  inch,  while  on  the  lower  limbft  and i 
pnrt  of  the  neck  and  trunk,  the  number  in  the  same  tipaoQ  is  not  more  t 
UK)  to  GOO. 

The  »ize  of  the  svv^eat-^lands  aLra  varies.  According'  to  the  obserrerlaiti 
their  average  diametf^r  is*  alxjut  f^-^  of  an  inch  ;  bat  in  some  parts  tlieji 
than  this — n»,  for  example*  in  the  groin,  but  a^pecialljr  in  the  aiilLL  la  i 
dtuation  Kiause  found  the  greater  number  to  measure  from  i  to  /j  of  i 
and  some  nearly  J  of  an  inch  in  diameter. 

The  development  of  the  sweat<glandB  has  been  carefully  etadied  by  1 
Their  rudiments^  when  first  disooYerable  in  the  embijo,  hare  much  tile  i 


Fig.  237. 
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Jig.  236,— DETOOPISfO  SWKAT   GtATT^S   YROil    A   f=KVE3f    MOSTHS  tdSTCB,      MaOHTIV  S 

i/rAMSTKRs  (Kiilliker). 
a,  honiy  hycr  of  tlio  epidermis  ;  h,  Mojpifihiaa  layer  ;  rf,  rudimentary  gland  ;  <v 
of  the  iluct,  oi>eDing  jit/  upon  the  fiarfoco  uf  tlxo  akiij. 

Fig.  237.— Ckrujohocs  oLAims  iw  Tins  skith   dp  tkr  oTEiurAL   AtDrroir 
MAorrFiXD  20  DiAHiiTKit^  < Kiilliker). 
o,  cutis  Yera  ;   h,  MaJpigliian  layer,  r,  homy  kyer  of  the  epidennia ;  dL  diftfa 
coil ;  et,  duct ;  /,  ltd  opening  j  ff,  hair  foUide  ;  A,  sebaoeooB  gUnd ;  i^  UU 
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boe  aa  those  cf  the  liftira,  and,  in  like  inaxiiL€S',  confiist  of  pFOcesses  of  the 
lajer  of  the  epidermin,  which  pass  dovin  and  are  received  into  corre- 
'  rciocaiM  of  the  corinin  (fig.  236).  They  are  formed  througliout  of  cells 
into  %  solid  mass  of  a  club  i^ape,  contiiiuouH  by  itn  smaM  end  with 
dghiaii  lajear  of  the  cuticle,  and  elsewhere  eurrounded  by  a  homoge- 
Diting  memhnme,  which  ia  prolong4?d  above  between  the  corium  and 
Tlie  eohaeqnent  ohanges  consist  in  the  elongation  of  the  mdimentAiy 
10  formation  of  a  cavity  along  its  axin — at  first  without  an  outlet — the 
tion  of  its  canal  through  the  epidermis  to  open  on  the  surface,  and.  in  the 
i  coiling  up  of  the  gradiially  lengthening  glaud-tnbe  into  a  compact 
of  the  excretory  duct  as  it  proceeds  to  the  orifice^  The 
i  tiflBoe  of  the  Bweat-glandd  Is  said  to  be  developed  from  some  of  the 
m-eeUa  of  the  mdimentaiy  gland  (Banvier),  If  thia  be  bo,  it  is  the  only 
ifftanoe,  in  the  higher  animals,  of  mu^ular  tissue  being  developed  from 


ntiiiiiiotis  glands  in  the  auditory  passage  consist  of  a  tube  coiled  into  a 
the  sweat-glaiidfl  (fig.  237) :  and  there  is  euch  a  farther  correffipondenoe 
the  twOf  in  stracture  and  mode  of  development,  that  the  ceruminous 
mj  be  regaided  as  a  mere  variety  of  the  andorifeioua. 

Fig.  238, 
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m^X,   SeBACHOCS  OLAUD   FROH  the    M  SE    WTTTI    nRAHCHXU  DUCT,  iTTACHBD  TO  A 

FfMALL  HAUt-PotucLK.     Maonifikp  50  DIAMETERS  (fiom  KulUker), 
iliam  oontiauoua  with  b,  tbe  Malpigbian  layer  of  tbe  epidermis  -  r,  coatenta  of 
U  the  groupfi  of  Baccolca  oa  the  bran ches  of  the  duct ;  e,  hair-follicle ;  /,  hair. 

ajtlYAl.  MACCVLS   OF  A  SEBACEOUS   OLAND.      MaOSIFIED   SliO  PlAMSTElfl. 

hum  liniag  the  saccule  j  i,  aebaoeoua  matter,  partly  still  within  the  cells. 

*Tn>     CELLS     fROll     THE     IXTERIOR     OF     AW     ALVSOLUS,     OOKTAIRlKa      FATTT 

PJUiTTCLis  Of  YAamfo  i*KOEEis  OF  TUfSifiss  (fpom  KolUker}* 


^ 
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The  sebaeeoms  glamdt  (ligs.  227, 238,  a)  pour  out  their  secretion 
mots  of  the  bairn,  loi%  with  ver}'  few  exoefifcions,  they  opim  into  the 
foUielcs,  and  are  f<uiiid  wherever  there  arc  hairs,  Eac!i  has  a  short i 
whi€b  opens  at  a  little  distance  within  the  mrmth  of  tlie  hair-foil 
by  its  other  end*  leads  ta  a  cluster  of  small  ronnded  secreting 
which  a^  well  as  the  duct  arc  lined  by  epitheliura  ffi^.  238,  B),  and 
cfmrf^ed  with  tlie  fatty  secretion,  mixed  with  detached  epithelium 
The  number  of  sacenlar  recesses  connected  with  the  duct  usuallj 
from  fimr  or  fiv'c  to  twenty  ;  it  may  be  reduced  to  two  or  three, ' 
srtiatl  ^landi?,  or  even  to  one,  but  this  ia  rare.  These  inlands  are  h 
tlie  Bulkstanee  of  t!ie  corino^,  Several  may  open  into  the  same  hair-f( 
anrroTniding  it  on  all  sides,  and  their  size  is  not  regulated  by  the 
tude  of  the  hair.  Thus,  soiue  of  the  lar^jfcst  are  connected  with  tlitl 
dowtiy  haii^  on  the  alae  of  the  nose  and  other  parts  of  the  face,  and 
they  oflen  become  undidy  charged  with  pent-np  secretion. 

Bevelopm^nt  of  tlia  aebacaotis  g-landv,— The   Tudmionts   of  the 
^Iniida  sprout  like  little  butli  from  the  mdiis  of  the  hair-folUcles  ;  thejazti 
in  fact,  excrescencea  of  the  external  layer  of  the  root*sheath  (fig-.  239),  i 
composed  entirely  of   siinilar  celb.     Each  little  process  soon   aftsomes  i  I 
ahape  and  in  due  time  a  group  of  cells  containing  fat  particles  appe&»  i 
ooiitr«,  and  gradually  extcada  itself  along  the  ajcia  of  tho  pedicle  until  ilp 


Fig,  23&, 


Fig.    239. — Deyelopmext     of    a 

OLA:?lt  IN  A  SIX   MOiCTttS*  FtBTUS,      250  I 

TEKS  (KollikerK 

a,  hair ;  b^  inner  root-sheath  ;  f.  ^ 
Rhf^nth  of  liair-fonicio ;  J|  mdimeiii  of  i 
gknd. 


trate&  through  the  root-sheath,  and 
fat-cel!«  thus  escape  into  the  caTity 
the  hair-folliele,  and  constitute  the  fifl!] 
secretion  of  the  sebaceous  gland.  Tk^* 
are  BOon  euoceedod  by  othezs  of  tlie  mm 
kind,  and  the  little  inland  is  eitaldiihil 
in  its  office.  Additional  Baocole^  and  i¥i 
cesseH,  by  which  the  origrinally  aimple  cxvlSf] 
of  the  gland  is  complicated,  are  iomd 
by  huddiog  out  of  ite  epithelium,  as  the  first  was  product  from  the  epiUt^ 
root-sheath,  and  are  excavat^jd  iu  a  similar  manner. 

It  would  thu9  appear  that  tho  rudimenU  of  the  hair-follicle«,  sweiat-gtaadi) 
and  ecbaueoas  glands,  are  all  derived  from  the  »ame  source.  They  all  originiQf 
appear  a»  solid  bud-like  excreaoenoes  of  the  soft  Malpigliian  or  mncous  lam  of 
the  epidermis,  (for  the  outer  stratum  of  tho  root-e^heath  must  be  regarded  ai 
such)  J  theee  grow  down  into  the  corinm,  in  which  rcceaBes  are  formed  to  ivoeivc 
them,  and  which,  of  courw*  jields  tho  material  rcquirc?d  both  for  the  ^mdxuMM 
of  new  cell,'*,  for  their  further  growth,  and  for  the  maintenance  of  their 
function . 
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^^^HpttioiiBl  remarkfi  ma^  here  be  made  (>oiicemiiig  some  of  ihe  eabjects 
|i^V^%i  the  pireceding'  port  on  General  Anatomy,  chietij  on  account  of 
itMnwl  light  haTingr  been  throiim  on  them  by  researches  wbicK  liave  been 
Ikhed  tince  the  previoas  sheetA  were  printed. 

!!lM  structure  &nd  mode  of  divialon  of  the  eell-Biieleua.*  It  ha«  beea 
nn&  tliat  in  addition  to  the  evident  network  within  the  nucleus  whioli  WM 
irkmalj  described  (p.  9,  fig*.  8)t  there  frequently  exii^  a  far  finer  interlaoe- 
lil  of  cxqaiiitely  delicate  fibrils  of  nucleopLagm  which  cK-cupj  the  meshea  of 
iQoane  network,  and  except  with  the  best  immersion  objectives,  either  remain 
mai,  or  their  nodal  points  appear  in  the  form  of  fine  granules  (as  in  fi^.  10, 
p.  \7j.  It  waa  the  ataining  of  this  finest  network  which  led  to  the  notion  that 
}  nuclear  matra  itaelf  in  the  resting  oeU  is  slightly  stained  by  h%:nmtoxylin  or 
ramn  (see  p,  9)^  and  therefore  contains  "  chromatic  "  substance  in  solution ; 
bably  however  this  is  not  the  case.f 

.  marked  difference  between  the  aotire  and  the  restiiig  nucleus  consists  in  the 
that  in  the  former  the  Ducleophuonic  fibres,  at  any  one  etag^  of  division,  are 
niform  siie,  while  in  tlie  resting  condition  they  show  great  irregrulftrities.  being 
pme  parts  oompantively  ooan^  and  in  others  inrnieanurably  fine.  This  differ- 
\  Is  still  ftirUieir  aocentnated  by  the  accumulation  of  the  nucleoplaBm  in  the 
sg  aneLens  at  one  or  more  of  the  nodes  of  the  network  into  irregular  or  rounded 
ips,  the  latter  being  the  nucleoli  In  a  nucleus  which  is  about  to  undergo 
non  and  in  new  nadei  which  have  just  been  formed  by  divis?ion  (fig  10,  q} 
only  are  the  nadeophiamic  filaments  uniform  but  there  are  no  nodal  clumps 
■deoU  ;  so  that  the  presence  of  the  last  named  bodies  may  be  said  to  be 
ttcterisfcic  of  a  resting  condition  of  the  nucleus.  Indeed  in  the  completely 
tine  condition  it  may  happen  that  the  nncleoplik^m  becomes  wholly  ool- 
sd  to  form  nuclear  membmne  and  nucleolus,  so  that  the  network  ia  either  no 
er  present  or  has  become  so  highly  attenuated  as  to  be  no  longer  discernible. 
be  longitudinal  cleavage  of  the  Y-Bhaped  fibres  in  the  aster-phase  (p.  13  and 
10,  g,  A)  is  aaid  by  Betztus  to  occur  oonsbantly,  so  that  In  thlti  way  the 
bcr  of  thoie  filaments  is  doubled.  It  is  not  improbable  that  the  two  fibres 
Hii^  ftmn  the  deayage  paas  into  different  daughter-nuclei,  but  it  hiis  not 

oaallile  to  tiaoe  this  with  sufficient  clearness. 

Yeiy  widely  diffiined  occurrence  of  the  phenomena  of  karjokinesis  (it  has 
obseryed  in  almoet  every  description  of  active  cell  in  the  animal  body) 


Khhif  AUas  of  Hiitology  ;  Fleminrf,  Bciimge,  ^c.^  No.  Ill,  in  Areh.  f.  mikr.  A&aL, 
ISdl  ;  PfitstUT^  Beobachiungen,  Lc,  in  the  aanio  Journal;  lUUiuM^  Biologische 
cniclLy  Stockholm,  1881. 

Acoocdijig  to  Eleio  these  fibrils  of  the  nncleits  are  directly  continuous  with  tho  proto- 
\  iolnotllalar  reticolom ;  hut  this  l»  doubted  by  other  ob^erirers,  who  describe  the 
na  M  beii^  sharplj  bouuded  from  the  surrounding  protopl«sm. 
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lua  led  most  olhsenrers  to  the  conolosioii  that  it  is  an  essential 
oell-di\iaion.     Some  however,  still  believe  that  in  some  cases,  simple  < 
of  the  nucieuB  into  two.  or  it«  budding  into  several,  may  suffice  to  prodiafti 
aioii,  it  being  thought  that  the  tune  occupied  in  the  complex  process  of  I 
kinesia  is  too  long  to  permit  of  the  active  cell-multipliciition  which  i»  k 
oocttr  in  certain  cases^     As  a  fact,  however,  the  time  occupied  is  not  m  I 
might  be  supixised  : — in  cold-blooded  animala  it  has  been  found  to  ' 


Fig.  240. 


Fig.  24D. — A  CtLtAtlD  KVUBELlUH-CEht  0¥  A  HOLLtlSC  (E 


^saliitiai,| 


one  and  a  half  to  five  hours  ;  in  celL»  from  a  carcinomi  & 
only  half  an  hour  (Fleming):  und  in  cells  of  th;  intc 
bral  cartilage  of  the  cat,  examined  in  warm  salt  i 
prooess  of  karyokinesis  wa^  on  one  occasion  obscrrvdl 
to  proceed  to  the  stage  of  the  formation  of  the  daqgh 
(amphi-astral  wtage)  in  a  few  minutes  (E.  A.  S.). 

Lofitij,  Fleming  has  conclusively  shown  that  in  the  c 
nucleus  of  the  plant-cell  and  in  that  of  the  animal  or 
p.  14),  the  chromatic  substance  is  al^o  in  the  form  of  i 
although  these  are  so  small  that  they  con  only  be  msd 
the  most  improved  objectives. 

Ciliated  Epithelium.— It  has  been  shown  by  T 
that  ill  largo  ciliated  ceUs  such  as  those  which  line  I 
meutary  canal  of  i^ome  mollusks,  e.  g.  the  mnssel  and  i 
it  is  possible  to  make  out  that  the  highly  refracting  frMh 
of  the  cell  to  which  the  cilia  are  attached  is  in  realitj  f 
of  a  number  of  small  jiuctapos<.'d  fuisiform  or  cylindrioiil 
{bn^al  pirt'fA).    To  each  of  these  a  cilium  is  attached  o 
one  side,  and  from  the  other  end  there  passes  towards  i 
of  the  cell  a  fine,  varicose  filament ;  these  filaments  are  t 
by  EngeUnium  the  rootlets  of  the  cilia.    They  approach  < 
another  as  they  traverse  the  length  of  the  cell,  and  nif  ^J 
united  towards  the  extremity  into  a  single  thread.    ItNf  I 
not  connected  with  the  nucleus.    The  cilia  axe  attacliedt»i 
basal  pieces  of  the  cell,  each  one  by  a  Ew>mewhat  narrQir,i 
portion  or  neck  {intermtdiafe  ttgrnrHt  of  Engelmann).   Ill 
here  that  the  cilia  usually  break  off  from  the  cell  (see  fif.l 
Beyond  the  neck  the  cliium  swellii  out  into  a  small 
enlargement,  and  from  this  the  shaft  tapers  gradnallylol 
extremity.    The  rootlets,  as  well  as  the  cilia  themselvw,! 
said  by  Engebnann  to  be  double  refracting,  whereas  th«  t 
piece  is  isotropous.    A  similar  structure,  although  lesa  distinct,  is  also  to  bei 
ont  in  ciEated  cells  from  the  higher  animals  (frog  and  rabbit). 

Striated  muscular  fibre, — 'rhere  is  good  reason  to  believe  from,  its  i 
reaotiooB  that  the  fiarcokmma  is  of  the  nature  of  connexstive  tissue,  and  not  ■« 
membnoie  as  has -generally  been  thought,  f   Tlie  intimate  nature  of  its  anion  viA 
the  tendon-bundle  (*see  fig.  1  i27,  p.  130)  would  seem  to  point  to  the  same  f 

TheendinKof  sensory  nerves.^ Many  of  the  nezre-fibFcs  of  those  parte  «f 
the  skin  which  are  especially  endowed  with  tactile  sensibility,  penetrate  into  lik 
epithelium  and  terminate  aiter  branching  a  number  of  times,  in  expondtiOi^ 
the  aris- cylinder  {tat tile  wf'w/VW)  which  are  applied  to  certain  cells  of  thedesftf 
layers  of  the  epidermis.  These  cells  are  apparently  those  described  as  tactile  oitt» 
by  Merkel  (see  p.  Ki7),  but  according  to  Eanvier  %  there  is  no  actoal  \ 
of  the  nerve-fibre  with  the  cell. 

♦  rtiiiger  s  Arcliiv.  XXIII.,  1880. 

t  FrQriept  in  the  Arch.  f.  Anat.,  1878.  See  alBO  on  the  pnhject  of  i 
paper  by  Afcrkd  (in  the  Arch,  t  mikr.  Anat.,  XIX.,  18S1),  who  somen 
vi«w  he  hftfl  1>efore  taken  (ace  p.  ItiS),  antl  another  by  Hetziits  (BioL  Untcrs;,  i$$l\,  sW 
describes  the  appearances  of  the  muscle  of  Djtiscu^i  much  in  tlie  same  mamier  m  sift 
done  by  me  (Phil,  Tnuis.,  lS73h  hut  gives  »  UifFerent  intcrprttution  of  them  ^B.ASL^. 

J  Kouveliea  recherche*  s.  ].  corp.  du  tact,  Ck)ioptc8  rendos,  18S0 ;  and  Traiti  tecliiijq«% 
•ixidme  fascicule,  1SS2. 


SPLANCHNOLOGY. 


THE    CEREBRO-SPINAL   AXIS. 

lie  eerelrO'gpmal  axis  Is  divided  by  anatomists  into  the  train  or 
pkahn^  the  enlarged  upper  mass  placed  within  the  cranium,  and  the 
ml  card  containea  withm  the  vertebral  canaL  It  is  symmetrical  in 
fcfm  and  structure  throughout,  consisting  of  a  right  and  a  left  half, 
Bated  to  a  certain  extent  by  longitudinal  fissures,  but  united  by 
iops  portions  of  white  and  grey  nervous  substance  which  cross  from 
I  aide  to  the  other,  and  form  the  commissures  of  the  brain  and  spinal 

Ehe  oerebro-spinal  axis  is  surrounded  within  the  skull  and  vertebral 
id  bj  three  connective  tissue  membranes,  between  which  are  spaces 
Bqned  bv  a  clear.fluid  similar  in  its  general  nature  to  lymph  (cerebro- 
iuu  fluid).  These  envelopes,  which  will  be  described  hereafter,  are, 
1^  a  firm  fibrous  membrane  named  the  dura  mater,  which  is  placed  most 
DafidaUy ;  2nd,  a  delicate  membrane  called  the  arachnoid ;  and,  8rd, 
ugUy  vascular  membrane  named  the  pia  mater,  which  is  next  to, 
i  clooely  invests  the  surface  of  the  brain  and  cord. 


SFIKAIi    COBD. 

Rm  spinal  cord,  or  spinal  marrow  (medulla  spinalis),  is  that  part 
hb  cerebro-spinal  axis  which  is  situated  within  the  vertebral  amal. 
B  about  18  inches  (45  centim.)  long,  and  extends  from  the  margin  of 
foramen  magnum  of  the  occipital  bone  to  about  the  lower  part  of 
body  of  the  first  lumbar  vertebra.  Above,  it  is  continued  into  the 
hdla  oblongata  ;  below,  it  tapers  conically  and  en^  in  a  slender 
aent,  the/Uum  terminale  or  central  ligametit  of  the  spinal  cord. 

UiODgh  the  oozd  nsoallj  ends  near  the  lower  border  of  the  body  of  the  first 
ter  vertebra,  its  termination  is  eometinies  a  little  above  or  below  that  point,  as 
■ite  to  the  last  dorsal  or  to  the  second  Inmbar  vertebra.  The  position  of  the 
T  end  of  the  cord  also  varies  according  to  the  state  of  carv&tnre  of  the  verte- 
cdlnnm,  in  the  flexion  forwards  of  which  the  end  of  the  cord  is  slightlj 
cL  In  the  foetus,  at  an  early  period,  the  embryonic  cord  occupies  the  whole 
th  of  the  vertebral  canal ;  but,  after  the  third  month,  the  canal  and  the 
I  of  the  lumbar  and  sacral  nerves  begin  to  grow  more  rapidly  than  the  cord 
f,  so  that  at  birth  the  lower  end  reaches  only  to  the  third  lumbar  vertebra. 

he  cord  is  enclosed  in  the  vertebral  canal  within  a  sheath  (theca, 

241,  244)  considerably  longer  and  larger  than  itself,  formed  by  the 

I  maier,  and  separated  from  the  walls  of  the  canal  by  venous  plexuses^ 

8  2 
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and  much  loose  areolar  tissue.    The  cnxlij  of  the  thcca  between  tbef 
iiiutur  and  the  dura  mater  is  occupied  bj  cerebro -spinal  fluid,  i 
divided  by  the  ciirtaiii-like  arachiioid  into  the  two  spaces,  subdonla 
finbarachuoid^  above  mentioned.    Within  the  latt-er  the  cord, 

Fig.  241. 


'^v 


^ 


::\e^---  _^^ 


Fig;  241, — Rbctiohs  showing  thi  oefbiul  RBtiTiOKa  of  the  bpthal  corh  i^  to 
nrciiOBjirfl  thcoa,  a!VI>  of  rms  to  the  YEHfSBRiL  oakal  (Key  and  EetzioiK 

A,  through  the  fifth  cervical  vertebra ;  B,  through  the  tenth  dontal  veTteba;  Ci 
throiigli  the  first  lumbar  vcrtelra  and  the  foramen  of  eiit  of  the  twelfth  dorsal  b»*** 
rootfi ;  1),  thraugh  the  cikk  between  the  second  and  third  Inmliar  vertebra  ;  B,  thn^ 
thfl  first  aacral  vertebra.  In  A,  B,  and  C^  the  coit],  covered  bj  pi&  iiuiter»  is  iee&  mttt 
centre,  with  the  ligumentnm  dcnticnktum  attached  t4)  it  on  either  side ;  the  neire^iwli  li 
either  Bid«  form  suiail  group«  which,  since  they  puAs  obliquely  down wardft  to  their  fonnni 
of  exit,  ore  cut  9cmm  ;  tlie  dum  UKitnil  nheaih  h  separate^l  by  a  confiideraUe  f|wt 
from  the  cord,  and  hy  n  cpiantity  of  loor^e  areolar  and  fatty  tisane  from  ibe  wail  of  Ibi 
vertebral  cAnal.  Thiei  tissue  ia  in  tmaner  amount  in  €.  I>  and  B  are  below  tbe  tcnn* 
nation  of  the  eord^  and  fihow  sections  of  the  nerTe-bundles  of  tbe  cauda  equina  witltia  At 
thccA,  which  ia  Tcry  laiigie  in  D,  but  comparatively  small  in  E,  the  vertebral  canal  io  tk 
latter  being  largely  occupied  by  adipose  tissne.  In  this  are  seen  the  sectioos  el  tm 
large  veins.     The  arachnoid  i»  not  represented  in  any  of  these  sectioiia. 


closely  by  pia  mater,  is  suspended,  being  kept  in  position  by  a  ligaroeDt 
on  each  side  (lif^ientum  deiiticiilatnm),  which  fixes  it  at  fiv<[uent 
intervals  to  its  sheath,  and  by  the  roots  of  the  spinal  nerves  which  pass 
across  the  space  from  the  surface  of  the  cord  towards  the  iaterveiteW 
foiamiim. 
The    upperraosb   nerve-roots    cross    the   space    nearly    horiioatanjjj 
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a),  but  the  rest  below 
ooe  or  two  pass  across 
nore  and  more  oblique 
1  inclination  until  their 
is  almost  vertical  (fig. 
and  indeed  the  lower 
the  theca  below  the 
on  of  the  cord  (fig. 
k),  is  occupied  by  the 
ig  roots  of  the  lumbar 
u  nerves,  passing  to  the 
between  the  correspond- 
ire.  The  mass  of  nen-e- 
idi  conceals  the  delicate 
minale,  is  named  the 
wna  (fig.  244  c). 


TiKW  or  THl  CIBIBBO-SPIVAL 

i  (after  Booiigeiy).     ^ 

t  lialf  of  the  cnninm  and 
le  body  baa  been  remoyed  by 
Ktion ;  the  membranes  of  the 
nf  the  brain  and  spinal  cord 
cleared  away,  and  the  roots 
Mtft  of  the  fifth  and  ninth 
vtfly  and  of  all  the  spinal 
M  light  side,  have  been  dis- 
and  laid  separately  on  the 
)  aknn  and  on  the  seyeral 
iposite  to  the  place  of  their 
it    from    the    cranio-spinal 

crebnim ;  C,  cerebeUnm  ;  P, 

imo,  mednlla  oblongata  ; 
ohti  to  the  upper  and  lower 
cl  the  spinal  marrow  ;  c  e, 
iombar  rertebral  spine,  marks 
qnina;  t,  the  three  principal 

the  nerms  trigeminus  ;  C  i, 
pital  or  first  cervical  nerve  ; 

ei^th  or  lowest  cervical 
the  first  dorsal  nerve ;  D  xii, 
■mI;  L  I,    the  first  lumbar 

the  last  lumbar ;  8  i.  the 
MTve;  S  T,  the  fifth ;  Co  i, 
ftl  nerve;  «,  the  left  sacral 


Fig.  242. 


i  between  the  bodies  and 
le  Tcrtebrs  and  the  places  of 
of  the  nerve-roots  to  the 
mastrated  by  this  figure. 
letafled  information  on  this 
«ader  may  consult  Gowers 
Mia  of  Diseases  of  the  Spinal 
I 
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Fig.  248. 


10 


io 


a 


Fig.  243. — Aktbrior  and 

THE    MKDULLA    OBLONGATA    AID  II 

WITH  8KCTIOK8  (Allen  ThomaoB). 

The  cord  has  been  diTcsied  of  ill 
and  of  the  roots  of  the  nerret.  A  if  \ 
B  a  posterior  view.  In  these  figuvet 
prolongation,  represented  sepante^ 
been  removed  ;  C  shows  a  teassvi 
through  the  middle  of  the  medulla 
D,  a  section  through  the  middle  of 
enlargement  of  the  cord ;  K,  throng 
dorsal  region:  F,  through  the  lower; 
the  middle  of  the  lumbar  enlaiigeme 
near  the  lower  end  of  the  conoa  nedi 
1  to  6  refer  to  parts  of  the  medvDi 
the  remaining  numbers  to  parti  irf 
cord. 

] ,  pyramids  ;  1',  their  deeoanftiM 
bodies  ;  8,  lateral  columns  ;  4,  posle 
of  the  medulla  oblon^^'ata  ;  i%  oaki 
rius  ;  5,  funiculus  gracilis  ;  6,  poib 
columns  passing  to  the  side;  7| 
median  fissure  of  the  spinal  ooid;  f 
lateral  impression  corresponding  to 
ments  of  the  anterior  nexre  loota ; 
nor  median  fissure ;  10,  10»  pc 
grooTO ;  X ,  tapering  extremitj  q4 
x  I  X ,  in  F,  filum  terminale. 


In  section  the  cord  is  i 
cular,  especially  in  the  don 
but  it  is  somewhat  flattei 
and  behind.  In  the  dorsal 
measures  about  ten  millinu 
side  to  side,  and  about  e 
before  back.  The  cord  is 
ever,  of  unifornf  diameter  tl 
but  is  swollen  out  in  the  oe 
lower  dorsal  regions,  two  eni 
being  thereby  produced — wl 
cervical,  and  a  lower  or  hi 
243).  Of  these  the  cervici 
ment  is  of  greater  size  a 
than  the  lumbar.  It  ext 
the  upper  limit  of  the  cx) 
first  or  second  doi-sal  verte 
largest  opposite  the  fifth 
cervical  vertebra,  where  i\ 
from  13  to  14  mm.  from  si* 
The  lower  or  lumbar  ei 
begins  at  the  tenth  dorsal 
is  largest  opposite  the  twe 
(11  — 13  mm.  across),  and 
point  becomes  gradually  sc 
antero-posterior  diameter  is  i 
equal  to  the  transverse  than 
in  the  cervical  enlargemeo] 
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nliirgemciit  the  cord  tapers  in  the  form  of  a  cone  (c&nus 
*),  from  the  apex  of  which  the  small  filitbnn  prolongation  is 
I  dawnwardfi. 

mn4  lumbar  enlargeraenta  tare  an  evident  rcktion  to  the  large 
•  which  supply  the  upper  Eind  Icwer  limbft,  and  which  are  oan- 
I  reipoiis  of  the  ooi-d.    At  the  commencement  of  its  development 
ilvjo.  Uie  ipmal  con]  h  destitute  of  these  enlargements,  which ,  in  their  fiin^ 
^  wnd  tfobsequeiLt  progress,  correspond  with  the  grovvth  of  the  limbic 


HL^TofnTvnm  rttw  of  the  3irei.rtLA  ostowoATi  akd  of  thb  apiiiai  oobu  with 

nV  CDVIB.IJIG!»   A3fD   TUB   BU0T9   OF   TH8   XKETia  (Sapl^Cj),       ^ 

or  darA'inatral  sheath  has  been  ep<^ne^  hj  a  median  incbion  along  the  whoto 
L^rf  u  ttfctdfted  OQt  to  eAch  dtle.    On  the  left  side,  in  the  npiier  and  mi'Iclle  parbi 
4  M\t  tte  fatkak/t  roota  of  the  nerres  have  been  removed  m  an  to  expa»<(;  the  Hga- 
itiiwliiiiin.  9,  and  the  anterior  root««  13  ;  anil  along  the  right  eido  the  posi- 
10,  am  ftbown  aiuiag  frem  the  postcro- lateral  groove,  and  parsing  out  through 
TW  fomui  anmbers  indicate  the  difTercnt  nerrea  in  the  cerrical,  demal, 
t«|^onfl  n»|>cctively  ;  lli  posterior  mediiiti  fissure;  12,   gaogUa  on 
1  i,  the  united  nerve  beyond  the  ganglion  \  15,  tapering  lower  end 
«acd;  IQ,  fllam  terminale  ;  17,  caud^  equiaa. 


filament  (filnm  t^rtninale,  central  ligament)  (f\^. 
h.  ft\deicencU  in  the  middle  line  atnontjst  the  nerves  compoainf^  the 
.liSk,  hud,  bccomini?  Idendctl  with  tiie  Juwer  end  of  the  aheath 
uU.  U;  Lbe  fint  or  second  Baeral  vertebra,  perlbrntes  the  dtira  mater. 


'hi  11^ 


ana  receiving  an  iBvestment  from  it,  passes  on  to  bo  attached  wS 
to  the  periosteum  of  the  lower  end  of  the  gacral  caiial,  or  to  I 
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Fig.    245.— PosTiKion   YIKW   or    tms 

TaS     S  PI  if  All     OuHT*     WITH      Tft«     CAfTDA 

SHKATM  (Allen  TLotuson).     ^ 

TliG  alicath  iiofl  been  opencil  from  behind 
towanla  the  Kirlcs  ;  on  thia  kft  iiidc  ail  the  Tt$ 
nerves  are  entire  j  on  the  right  side  both  tW 
first  and  Becoiul  Ininlmr  nbrrea  are  entire^  i 
reiit  bare  been  diYidcil  clo^e  to  the  pliuse  (i  1 
Hage  through  the  sheath.  Tbe  (tones  of  the  l 
fikettfhed  in  their  natural  relative  podtioa  lA 
plat'e  of  the  filum  ierininale  and  the  lowest  OH 

a^  placed  on  the  posterior  meiluiit  fiasoi 
mid  tile  of  the  lumbar  enlargement  of  th«  ol 
tiie  terminal  filxmient,  drawn  edightly  aside  I 
at  iU  middle,  and  descending  withiji  the  dl 
sheath  ;  b',  h\  its  prolon^^atioa  liejoiid  tbe  il 
iijMjn  the  hack  of  the  coccygeal  bonev  ;  cv  1 
matml  Klieath  ;  d^  douTde  forajnina  tu  this  tct 
mte  ptLsaa^  of  the  a&ienor  and  t^^sterior  rood 
of  the  nerves  ;  f,  lignmentmn  don  lieu  latum  ; 
DxiTf  the  tenth  and  twelfth  dorsal  i)crTe» ;  Ll 
the  first  and  fifth  lumbar  nervea  \  8i,  and  St 
and  tifth  ssacral  nervea  ;  Ci,  the  coccygeal  ocrf 


the  coccyx*  It  is  a  prolongation  of 
mater,  enclosing  for  about  hall*  its  le 
enlarged  continuation  of  the  central" 
the  cord  (see  below,  p.  2t>8),  with  a  lit 
matter  near  the  iipj)or  end.  Below  I 
mi  nation  of  the  cunal,  tbe  filum  is 
composed  of  connective  tiesiue,  witJi 
veasels  prolonged  fix>m  tlxe  ant^»rioi 
vessels,  and  on  either  side  there  m 
three  or  four  small  bundles  of  me< 
nerve-fibres,  some  of  which  have  a  k\ 
lion-cells.  These  nen^e-bundles  are  r 
by  liaulxn'  as  representing  rndimeutar 
geal  ner\'e-rot>te.  They  buve  no  cou 
with  the  coccygeal  nerves  proper. 

The  filum  terminale  is  distinguii 
its  Bilvery  hue  from  the  nen^es  amon; 
it  lies. 

Fissmres-— The    s|>inal    cord    is 

pletely  divided  into  a  right  and  a  1 

by  two  ti&surcs  which  piss  hi  from  the 

of  the  anterior  and  i>osterior  sorfa< 

penetmtc  through    the   greater  part 

thickness.     Of  these  two  median  fii>s 

anterior  (fig.  124G,  1)  is  wider  and  t 

more  distinct  than  tbe  posterior,  alti 

does  not,  in  most  parts,  penetrate  to  more  than  one- third  the  tl 

of  the  cord,  while  the  posterior  fissui-e  may  ivacb  more  than  1 

from  back  to  front.    The  anterior  contains  a  fold  of  tbe  pia  ma 
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mmj  blood-vesBels,  which  are  thus  conducted  to  the  centre  of  the 
t  At  the  bottom  of  this  fissure  is  a  transverse  connecting  portion 
pie  substance  named  the  anterior  or  white  commissure. 
il  posterior  {fig.  246,  2)  is  not  an  actual  fissure,  for,  although  the 
I  Balves  of  the  posterior  part  of  the  cord  are  quite  separate,  there 
^JUBtinct  fold  of  the  pia  mater  between  them,  but  merely  a  septum 
pnective  tissue  and  blood-vessels  prolonged  from  that  membrane 
Ipiwes  in  nearly  to  the  centre  of  the  cord.  Its  position  is  marked, 
pllj  in  the  lumbar  enlargement  and  in  the  cervical  region,  by  a 
laal  furrow.  At  its  end  is  the  posterior  or  grey  commissure. 
lides  these  two  median  fissures,  a  lateral  furrow  is  seen  on  each 


tl6.  —  DimEB5T  Fig.  246. 

m  OW  A   POETIOH  OP 

mrtMAL   OOKD  PROM 

CBKTICAL     EIOIOV 

I      THB      BOOTS     OP 

VBKTBS.  Slightly 
igpd  (AUen  T^mi- 

^1lM  anterior  sor- 
*the  specimen  is 
.IIm  anterior  nerve- 
f  the  right  side 
been  dirided  ;  in 
ew  of  the  right  side 
B  ;  in  C,  the  opper 
I  is  shown  ;  in  D, 
rfe>TootB  and  gan- 
ave  shown  from 
1,  the  anterior 
a  fiasnre  ; .  2,  pos- 
■iedian  fissore  ;  3, 
(-lateral  impmsion, 
Aieh  the  handles  of 
itarior  nenre-root  are 
la  ^vead  (this  im- 
■B  ia  too  distinct 
ifgore) ;  4,  postero- 
il  groore  into  which 
mdks  of  the  pos- 

r  root  are  icen  to  sink ;  5,  anterior  root ;  5\  in  A«  the  anterior  root  divided  and 
d  apwards ;  6,  the  posterior  root,  the  fibres  of  which  pass  into  the  ganglion,  6^ ; 
a  amted  or  compound  nerve ;  7',  the  posterior  primary  branch,  seen  in  A  and  D  to 
KiTed  in  part  from  the  anterior  and  in  part  from  the  posterior  root. 


of  the  cord,  corresponding  with  the  line  of  attachment  of  the  pos- 
ff  roots  of  the  spinal  nerves.  It  is  named  the  postero-lateral  groove 
246,  c,  4).  Each  lateral  half  of  the  cord  is  divided  superficially  by 
po^ro-lateral  groove  into  a  posterior  and  an  antero-lateral  j)art. 
attachment  of  the  anterior  roots,  however,  subdivides  the  latter  into 
rior  and  lateral  portions. 

;  aiiten>-lateral  groove  is  often  described  in  the  line  of  origin  of  the  ante- 
nota  of  the  nerves,  bat  has  no  real  existence.  The  fibres  of  these  root^ 
efe,  unlike  the  posterior,  do  not  dip  into  the  spinal  cord  in  one  narrow  line, 
1  orer  a  space  of  some  breadth. 


i  the  posterior  surface  of  the  cord,  at  least  in  the  upper  part,  there 
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are  two  slightly  marked  longitudinal  farrows  (fig.  243, 9,9)i 
on  each  side,  about  one  millimeter  from  the  posterior  me&i^ 
and  marking   off,  in  the  cervical   region,   a  slender  trKt  '^ 
median  column).    These  are  better  marked  in  some  individDdil 
others. 


INTSRNAIi  BTBUCTUIUD   OF  THB   BPINAIi  CORD:  BXlAATm 
OF   ORBY   AND   WHITX    MATTKR. 

•  Grey  matter. — When  the  spinal  cord  is  cut  across  (figs.  2|| 
it  is  seen  that  the  grey  matter  occupies  the  more  central 
almost  comi)letely  enclosed  by  the  white  matter.  The  gitjl 
appears  in  the  form  of  two  irregularly  crescentic  portions  oif 
side,  united  across  the  middle  line  by  the  posterior  grey  conri 
before  mentioned,  so  that  its  section  may  be  compared  in  siufelj 
letter  H.  The  concave  side  of  each  lateral  crescent  faces  < 
and  in  consequence  of  the  depth  of  the  posterior  median  I 
the  commissure  of  grey  matter  joins  the  crescents 
anterior  than  their  posterior  ends,  except  in  the  lumbar  regkil 
cord. 

The  two  bonis  or  corniia  of  each  crescent  are  named  from  theirl 
tion  anterior  and  posterior:  the  anterior  cornu  (fig.  247,  «.f)M 


Fig.   247. — Sechon  or  the   sfxial  < 

THE    UPPER    PART     OP      THB     TfOtUh 

(K.  A.  S.).     \ 

a,  anterior  median  fissure ;  p,  pofteriori 
fissure  ;  p.  n,  posterior   ncrve-rooU  c  ' 
the  postero-Iateral  groove  ;  a*r,  anti 
of  grey  matter  ;  p,  c,  posterior  ooraa ;  ^  ■ 
medio-Iateral  tract  (lateral  cornu);  ^^f 
CCS8U8  reticularis;  r,  posterior  Tedeidtf  <^ 
of  Clarke ;  «,  pia-matral   septum 
lateral  boundary  of  the  i)06terior  i 


shorter  and  broader,  and  is  everywhere  separated  from  the  surfiuseofi 
cord  hj  white  matter  which  is  traversed  by  the  bundles  of  the  uiT 
roots  at  the  part  where  these  enter  the  cord.  The  jfosterior  e 
(p,  c)  is  longer  and  narrower,  and  tapers  almost  to  a  point  (apexi 
poster ioris)y  which  closely  approaches  the  external  surface  of  t&  oori  *  t 
the  postero-lateral  sulcus,  with  which  it  is  connected  by  fibres  rf4jl 
posterior  roots  {p.  n ),  and  between  these  by  i)rocesscs  of  the  sapedw ' 
neuroglia.  The  posterior  cornu  is  slightly  narrowed  at  its  base  (cfff* 
r^rnu) ;  from  that  place  it  gradually  expands  into  the  main  part  of  to 
cornu  (caput  rornu),  and  from  this  it  ta^xirs  in  the  way  juBt  notioNi 
Xear  its  tip  the  caput  cornu  has  a  peculiar  semi-transjirent  a^A 
whence  it  was  njimed  svhstantui  t/elatinasa  by  Uolando. 

Near  tlie  middle  of  the  outer  surface  of  each  crescent  the  grey  imttff 
is  less  shari)ly  marked  off  than  elsewhere  from  the  white  matter;  fOS&M 
vf  grey  matter  extending  into  tlie  lateral  white  column  and  nnitingwiA 
one  another  into  what  in  sections  api>ears  like  a  network  enclofliDg  ptt- 
tiuns  of  white  substance  (p,  r).  This  is  known  as  the  ptikum 
reticularis;  it  is  best  marked  in  the  cervical  region  (^fig.  218,  C5)-   i* 
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large  and  hroad.  The  psterior  comua  are  narrow  in  tiie 
dorsal,  but  very  broad  in  the  lumbar  region.  The  gwya 
in  a  series  of  sections  to  be  most  abundant  in  the  Imnl) 
the  cord,  and  least  in  the  dorsal. 


It  is  clear  that  what  appear  in  section  as  imgular 
matter  are  in  reality  long  irrcgnlarlj  fluted  colmnns,  and  thit  tb 
band  uniting  the  convex  edge  of  the  crescents  is  a  flattened  eipii 
ing  the  columns  along  their  whole  length.  But  it  is  both 
venient  to  speak  of  the  various  parts  of  the  grey  matter  of  the  i 
their  appearance  in  sections,  although  the  term  *'  colamns " 
applied  to  what  appear  in  section  as  groups  of  nenre-ceUB,  i 
parts  of  the  grey  matter,  as  well  as  to  the  seyeral  portiaos  «£ J 
immediately  to  be  described. 

Pig.  249.       Fig.  249.--SBCTIOK  of  lower  BXTRBmrr  of 

ABOUT  SIX  TIXM. 

^  The  peculiar  form  of   the  lower  extremity  oflj 

seen. 

Central  canal. — Extending  through  the  whole  1 
cord,  in  the  substance  of  the  grey  commissure,  there  is  a  9 
247)  which,  in  sections  of  the  cord,  is  barely  visible^  i 
the  naked  eye.  It  is  continued  above  into  the  medulla  < 
it  gradually  approaches  the  posterior  surface  and  eventaallj 
the  calamus  scriptorius  of  the  fourth  ventricle.  At  the  Ion 
cord,  near  the  extremity  of  the  conus  medullaris,  it  becomes) 
shaped  like  the  letter  | ,  and  is  stated  by  some  observeiB  U 
posterior  surface  of  the  cord  ;  but  this  is  denied  by  others, 
cand,  though  minute,  is  an  object  of  considerable  interest 
part  of  the  structure  of  the  cord,  it  being  the  permanent  re 
ectodermal  canal  from  which  the  spinal  cord  is  developed, 
distinctly  seen  in  the  lower  vertebrata  than  in  mammals. 

WMte  matter. — The  white  substance  of  each  half  of  t' 

!letely  encloses  the  grey  matter  except  opposite  the  pee 
'his  last  therefore  serves  to  separate  off  a  ^m&L\QT  posfenor  i 
which  is  somewhat  wedge-shaped  in  section  and  is  bound 
by  the  posterior  median  fissure,  from  the  rest  of  the  whi 
which  forms  a  large  antero-Jatoral  white  column  (Aot.  246  tc 
antero-lateral  cohunn  is  sometimes  arbitrarily  divided  i 
and  lateral  white  columns,  the  place  of  passage  of  the  bi 
anterior  nerve-roots  being  taken  as  the  limit  between  the  tw 
these  are  scattered  over  a  considerable  part  of  the  transvei 
is  clear  that  the  limit  cannot  be  distinctly  fixed. 

The  white  substance  is  traversed  by  imperfect  septa  c 
tissue  prolonged  inwards  from  the  pia  mater.  Most  of  these 
and  somewhat  variable  in  position,  with  the  exception  oj 
cervical  region  extending  inwards  towards  the  grey  comi 
the  sulcus  before  described  as  bounding  the  posterior  me 
This  septum  (fig.  247,  s)  cuts  off  a  smallportion  of  the  post 
next  to  the  posterior  median  fissure,  corresponding  to  tbs 
the  posterior  median  column  on  the  outside. 

The  lateral  symmetry  of  the  spinal  cord  is  not  always  p 
white  columns  especially  are  sometimes  found  slightly  to  va 
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snerallj  caiisefl  by  the  fact  that  the  amount  of  the  pyramidal 
lUe  ruAtter  differs  somewhat  on  the  two  sides  of  the  cord  (see 
278). 

lite  matter  of  the  cordi  e^^ijecifdly  that  of  the  lateral  cuhimn, 
gradually  in  araouut  from  below  upwards,  recehiog  a  con- 
loeefisiou  oppoefte  the  roots  of  the  larger  nerves  which  supply 
This  more  sudden  increase  in  the  amount  nf  white  matter  is 
Lad  ill  tlie  anterior  and  posterior  columns.  These  relations  are 
>wn  ill  the  iipfiended  curves  {^g.  'Jbu)  which  have  been 


mikov 


Fig.  250. 


DiAORAM    SHOWTIfO    BOTH    TRV.    AB^rtLFTR    ATO^  H^f. ATTTK  ^XTEWT  OF  tEW  ORXT 

LSrO   tfW    THK  WniTK   COLl  MXS    IN'   Sl'CCESStVE    SKCTtUlfAL   AREAS    UV   TUK  SPIHAl, 

wmi.!.    AS    THX    SKCTlO}(AL    ABBAS    (»V    THlC    SKVKlUIt    KNtetttKa    KKRVS-HOOTS 

from  Ltid vig  and  W'oro^chllof }.  (K.  hA.  S. ) 

naaX  areas  of  the  sctreral  entering  nerve-rooto  (}i.r)  m  well  us  tltc  extent  of 
nalter  iifrU  >^<1  "^  ^^  [uterul,  iKisterior^  and  anterior  colamuft  of  white 
e,t  p-  *'-*  *nil:  n,  f,\  are  repre«»}iited  in  tiaper|>raMKl  cnnrcs*  Ihe  comtDoa 
vl&iefa  (i/m.)  is  intersects  1  nt  <y|Ujil  intervals  b j  &b  manj^  ontinates  aa  tbere 
'  apuukl  iierv«ft.  la  th«i  ordinAtea  caoh  niiMimeter  above  tbe  abaciffiia  represents 
qmre  ocotunetor  of  i^ctionat  area. 

Sed  Uj  Ludwij^'and  WoroechilofT  from  meaaurements  by  Stilling, 
mit  of  the  jjjey  matter  in  the  different  regions  is  also  given,  as 
lie  eectional  areas  of  the  root«  of  the  spinal  nerves.  It  is  seen 
oeite  to  the  ori]^ins  of  the  large  nen^es  there  is  a  marked  increaee 
Qonnt  of  grey  matter. 

Qterior  or  white  commissure  is  likewise  proportional  in  size  to 
mug  ner^'e-nxjts. 


MIC808C0PIC    STRUCTTJBZ    OF    THE    SPIKAI*    COED. 

rhite  wibstance  of  the  sphml  cord  m  almost  wholly  composed  of 
ittally  cc^nrsing  medullated  nervt-fibres,  which  in  stained  tranfi- 
itioim  of  the  cord  (fig,  2^A)  appear  as  clear  rintrs  with  a  stained 
»aeolianof  the  axis-cylinder^ettlier  in  the  middle  of  the  ring  or 
vnnewbat  to  one  side.  The  fibres  \  ary  much  in  size,  and  in  many 
the  section  larger  and  smaller  fibrea  are  iuterniLxed,  but  some 
5  choractOTzed  by  containing  many  large  fibres,  others  for  the 
it  small  fibres.  The  largest  fibres  are  in  the  posterior  part  of 
al  cx>liimn,  the  smallest  in  the  part  af  the  latend  column  in  the 
iriwod    of  the  processus   reticularis,    but  the    fibres    of    the 
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posterior  median  coliunn  are  also  very  Btnall     The  white  i 
imperfectlj  tHvided  into  secuiidary  columns  hj  incomplete 
fibrillar  conneciire  tissue  which  are  prolonged  iaw^^  from  1 
layer  of  the  pia  mater,  and  convey  bloodvessels  to  the  intfflor^ 
cord. 

Pig,  251. 


fig.  251, — A  SMALL  FORTIOIV   OF   A  TRAHFmiB^  SEOTIOH   OF   THE   SITlUV  STIIii  ' 
HtGHLT    HAGVIFIED,       (E.  A.  8,} 

II,  <3[,  Buperfioutl  neTiroglm  ;  h,  6,  transverse  sectioD  of  pftrt  of  the  l&l«rftl  < 
cord  in  whicb  tlie  dark  points  are  the  fixia-c^Undem^  and  the  dear  ftreu  the  i 
aabtttfuice  of  the  nerve -fibr^  :  the  euperfi^ial  neiiroglia  is  seen  to  exhibit  th€  t 
of  JL  fine  network  in  which  numerous  nm:lei  and  one  or  two  corpora  <tmjfi^t<m  i 
embedded,  and  t^  extend  invrarda  amoag  the  nerve-libres* 


Immediately  beneath  the  pia  mater  and  closely  inTesting  tlie  I 
externally  is  a  layer  of  ivbat  in  the  fresh  condition  appears  a 
peneons  or  finely  ^Tannlar  su) stance  witli  nuclei  embedded  in  it  hei*l 
there.  In  sections  of  the  cord  hardened  in  alcohol  or  chromic  acid,! 
substance  in  question  is  finely  reticulated  (fig.  251 » a,  a).  The  layerirt 
it  forma  is  very  tbin  over  some  |>arts  of  the  surface  but  eomp« 
thick  in  others,  and  where  the  jmi-matral  septa  pass  into  the 
accompanies  and  invests  them  and  tlieir  rami  fictitious  in  the 
stance,  passing  with  tliem  between  the  in-egnlar  bundles  of  m 
Not  only  dr>es  this  snbpial  reticular  substance  accompany  the  ^ 
tions  of  the  fibrillar  tissue  and  largely  assist  in  forming  the  incoi 
septa  above  mentioned,  but  it  extends  iodepeudeutly  amongH 
individual  nerre-fibres,  occupying  the  interstices  between  them, 
serving  as  a  uniting  mediinn  in  which  they  an?  embedded.  Hc3 
was  named  by  Yirchow  the  imtrofjita.  The  nuclei  in  it  belong 
most  part  to  small  cells  (neiiroglia-celk)  which  occiir  in 
numbers  in  some  parts  of  the  tissue  j  but  others  to  more 
cells,  known  as  the  cells  of  Deitcrs,  which  are  stellate  in  seodbtt 
are  found  here  and  there  in  the  lai^er  interstices  between  the  nc 
fibres.  Along  the  line  of  ongin  of  the  posterior  roots  the  snper&il 
neuroglia  is  prolonged  into  the  cornn  of  grey  matter,  and  expio^ » 
it  to  form  the  substantia  gelatinosa  uf  Rolando,  This,  as  hfclt 
mentioned,  presents  a  transporent  jelly-like  appearance  in  the  fresh  ofl^ 
ditioQj  but  in  sections  of  the  hardened  cord  it  i&  finely  icticnte 
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|ihg  nnmerons  neuroglia-cells,  and  a  few  bloodvessels.  Some  of 
Itodles  of  nerve-fibres  of  the  posterior  root  traverse  this  substance, 
i  contains,  especially  near  the  coma  proper  and  the  posterior 
oolanin,  a  few  small  scattered  nerve-cells;  but  on  the  whole 
•le  fewer  true  nervous  elements  in  it  than  in  any  other  part  of 
id. 

lie  constitution  of  the  rest  of  the  comua  the  neuroglia  takes  part 
r  less  extent  than  in  the  substantia  gelatinosa.  It  is  true  that  it 
ODged  both  from  this  and  from  the  white  substance  into  the  grej 
jiand  pervades  the  latter  throughout  in  every  part.  But  it  is 
MMCiired  in  this  situation  by  the  proper  nervous  elements,  which 
|jmj  substance  are  of  three  kinds.  In  the  first  place  are  found 
inr  nerve-cells,  mostly  of  large  size,  scattered  singly  or  occurring 
tfB  throughout  the  grey  substance.  Secondly,  in  connection  with 
nd  especially  accumulated  around  the  cells  and  cell-groups,  is  an 
Bernqnt  of  the  finest  nerve-fibrils,  which  is  derived  according  to 
ll  from  the  ramification  of  the  nerve-cells,  and  may  be  the  me£um 
mimication  between  the  several  cells  of  a  group  or  even  between 
»  oells  and  groups.  Thirdly,  occupying  a  considerable  portion  of 
rr  matter,  are  nerve-fibres,  mostly  of  the  medullatedkind,  and  the 
under  processes  of  the  nerve-cells  ;  these  traverse  the  grey  matter 
aent  directions,  coursing  for  the  most  part  in  bundles  which  inter- 
rith  one  another,  and  confer  on  the  grey  matter  a  spongy  appear- 
Hence  it  is  sometimes  known  as  the  substantia  spongiosa. 

Morosrl^  ^  generaUj  assumed  to  be  a  modified  form  of  conneotive  tlssae. 
and  Ewald  find,  however,  that  the  tissae  composing  the  sobstantia 
oaa  of  Bolando  (and  probably  the  nenroglia-tissae  g^eraUy)  is  similar  in 
ll  nature  to  the  network  described  by  them  in  the  mednllated  sheath  of 
Tea,  and  named  '*  nenro-keratin  **  from  its  apparent  nature  and  the  resist- 
hich  it  offers  to  the  action  of  digestive  fluids  (see  p.  144).  But  this  resisting 
wpgeun  to  be  conferred  upon  the  tissue  by  the  action  of  alcohol,  for  in  the 
tate  ft  is  quite  soft,  and  easily  dissolved  by  the  fluids  in  question.  So  that 
^vnieiit  in  favour  of  its  ectodermal  origin  which  is  sometimes  drawn  from 
^poaed  chemical  constitution  of  the  substance,  is  not  sufficiently  strong  to 
r«  the  view,  originally  taught  by  KoUiker,  that  the  neuroglia  (or  reticulum 
■mied  it)  is  a  peculiar  form  of  connective  tissue  (aUied  to  reUf orm  tissue) 
i,  together  wiUi  the  connective  tissue  septa  which  it  accompanies,  by 
rth  from  the  mesoderm  surrounding  the  embryonic  central  nervous  system. 
cwence  of  the  neuroglia-cells  in  it,  which  resemble  in  general  appearance 
oonnective  tissue  cells,  is  in  favour  of  KolUker's  view. 
ill  concentrically  striated  globules,  termed  corpora  amylacea,  are  very  fre- 
ly  met  with  in  the  neuroglia  of  the  cord,  as  weU  as  in  many  of  the  -paiis  of 
Dial  nervous  axis.  They  i^pear  to  be  composed  of  proteid  substance  but, 
fli  long  recognized,  their  mode  of  formation  and  their  meaning  are  still 
\j  unknown. 

Bsagament  of  the  nerve-cells  in  the  grey  matter.  In  trans- 
■ections  of  the  cord  it  is  seen  that  the  nerve-cells  are  not  by  any 
B  eqnally  distribnted  throughout  the  grey  substance,  but  are  arranged 
inite  groups^  which  occupy  the  same  relative  position  in  successive 
08.  The  groups  are  therefore  the  sections  of  longitudinal  tracts  of 
natter  rich  in  nerve-cells,  and  named  the  ganglionic,  or  vesicular 
n»  of  the  grey  matter.  The  longitudinal  continuity  of  the  groups 
e  seen  in  sections  of  the  cord  made  parallel  with  its  long  axis  and 
ig  ihion^  the  part  of  the  grey  matter  where  the  groups  occur. 
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Of  these  groups  or  columnar  tracts  of  nerve-celb,  the  a 
most  constant  and  contains  the  largest  cells  is  fonnd  along  t 
the  anterior  part  of  the  anterior  comu  where  the  nerre-oeDi 
the  entering  fibres  of  the  anterior  roots.  There  seems  to  be 
that  many  of  these  anterior  or  motor  nerve-fibres  are  direoiij 
with  the  axis-cylinder  processes  of  some  of  the  nerve-K^ells  oi 


Fi0.    851 


Fig.  252. 
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«>,  e,  fibres  of  the  anterior  roots,  entering  the  anterior  comu,  and  passing  t 
the  cellH  ;  ^,  fibres  from  the  anterior  roots  which  decussate  in  the  anteriei 
^',  external  fibres  from  the  roots  running  round  the  outside  of  the  antoi 
towards  the  lateral  columns  ;  /,  fibres  from  the  posterior  commissure  and  : 
terior  comu  running  towards  the  anterior.  Three  groups  of  cells  are  seen  \ 
comu  in  this  region  of  the  cord ;  and  from  their  position  may  be  deseribei 
internal,  and  posterior. 


Hence  it  is  sometimes  named  the  motor  ganglionic  column^  hi 
fijenerally  known  as  the  ganglionic  or  vesicular  column  of  the  (m 
Its  cells  are  in  some  parts  collected  into  two  groups,  a  la 
the  lateral  column  of  white  matter,  and  a  mesial  nearer  t 
column  ;  in  the  lumbar  enlargement  there  is  a  third,  more  de 
posterior  group  (fig.  252).  Some  of  the  cells  which  are 
anterior  commissure  send  their  axis-cylinder  processes  thro 
the  other  half  of  the  cord :  it  is  believed  that  these  prooei 
connected  with  nerve-fibres  of  the  corresponding  anterior  : 
other  side. 
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Be  of  the  lower  yertebrates  it  maj  be  made  out  that  there  are  variationB 
be  of  this  colamn  of  cells  in  successive  portions  of  the  cord,  the  c^lls  being 
imeroiis  opposite  the  points  of  entrance  of  the  nerve-roots,  the  at- 
it  of  which  to  the  cord  is  in  them  more  localized  than  in  man  and 
ertebrates.  In  this  waj  somewhat  of  a  segmental  formation  of  the  column 
ted,  and  in  some  fishes  and  reptiles  the  enlargement  of  the  group  of  cells 
ndoeing  grey  matter  is  sufficiently  marked  to  produce  an  external  swell* 
laite  each  nerve-pair. 

Bis.  253. 
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Bsnltipolar  cells  in  the  grey  sabstance  of  the  anterior  coma  ;  the  communication 
ilww  cells  and  some  of  the  nerve-fibres  of  the  roots  is  not  shown  in  the  figure. 

ond  very  well  marked  group  or  column  of  cells,  which  occupies 
Terse  section  an  area  at  the  inner  or  mesial  angle  of  the  base  of 
jexioT  coma  (fig.  252,  e),  and  appears  cut  off  from  the  rest  of  the 
itter  by  a  curvel  bundle  of  fibres  derived  from  the  posterior  root, 
along  the  middle  region  of  the  cord  from  the  third  lumbar  to  the 
cervical  ner\*e.  This  was  termed  by  Lockhart  Clarke  the  posterior 
r  column  ;  it  is  ofien  known  as  Clarke's  column.  It  is  lai^st 
ower  part  of  the  dorsal  region*  From  the  fact  that  it  is  almost 
confined  to  that  region  of  the  cord  it  was  termed  by  Stilling  the 
lucleas.  But  although  ceasing  above  and  below  the  points  men- 
it  is  not  altogether  unrepresented  in  other  parts,  for  jj^ups  of 
3  found  in  a  similar  situation  opposite  the  origin  of  the  second 
rd  sacral  nerves  (sacral  nucleus  of  Stilling)  and  opposite  the  origin 
bird  and  fourth  cervical  nerves  (cervical  nucleus) ;  and  elsewhere 
«  scattered  cells  in  the  same  part  of  the  section  of  the  cord.  The 
this  colunm  are  of  moderate  size,  and  their  axis-cylinder  pro- 
end  for  the  most  part  towards  the  lateral  column.  It  is  note- 
that  Clarke's  column  is  best  developed  in  the  region  of  the  cord 
he  colamn  of  the  anterior  comu  is  least  so. 
iid  column  of  cells  lies  in  the  intermedio-lateral  tract  (column  of 
'mediolaleral  traciy  fig.  252,  d ).  Like  that  tract,  the  ganglionic 
it  contains  only  appears  as  a  distinct  formation  in  the  dorsal 
in  other  parts  it  blends  more  or  less  with  the  colamn  of  the 

II.  T 
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anterior  coniii.    Its  cells,  although  lai^,  are  on  the  ^hole  i 
tliose  of  the  anterior  conin.    In  the  upper  part  of  the  cenricali 
group  of  cells  becomes  distinct  in  a  similar  situation^  and  is  i 
by  the  roots  of  the  spinal  accessor j  nerve. 

The  aiujvc  are  the  chief  gi'oups  or  columns  of  cells  which  mi 
^ishahle  in  transverse  section,  and  of  them  the  column  of  the  i 
cornu  is  the  only  one  which  can  be  described  as  extending  i ' 
whole  lenj^th  of' the  cord.    But  in  addition  to  the  groups, 
number  of  scattered  cells  are  met  with,  distributed  tlirough  tb: 


F}g.  254. 


■t..;il-Mi^t^:1^^31 


Fig.  254.^ — LoHorrmsiNAL  sbcttott  of  thi  cord  THRoroH  tri:  A>fTEaion  ^nut  ^ 
MrasuRE  Ami  AxTKiiroii  GiiEt  coKNtj.     DoRSiL  REGION.     (Heole).     y 

Only  the  left  half  of  the  section  is  representcil. 

C<i,  anterior  commisiirrc  with  fibres  i>asBing  into  it  tliroiigh  the  anterkxr  enilll 
the  grey  m&tter,  and  deco«sating  with  those  of  the  other  side  ;  Fu^  anteriofwkLMe 
C^,  anterior  comu  of  the  grey  matter  ;  many  of  the  mnltipokr  oeUs  ore  cs< 
longitudinal  direction ;  Fl^  ktcral  column^  into  which  fibres  &re  seui  pi«a 
grey  conm  and  turning  upwards  in  a  longitudinid  direction, 

fornu,  and  extending  iuto  the  siihstantia  j^latinosa  of  Kolanda 
cells  vary  much  in  form  and  size,  but  are  for  the  most  part  spindlc-«h 
and  smaller  than  thosc^  previously  mentioned.     It  is  not  known  ^  ' 
they  have  any  special  relation  to  the  fibres   of    the    posterior 
although  in  the  lamprey  it  has  Ijeen  shown  by  Freud  tliat  cells  i 
api>ear  to  corresiHind  with  them  send  their  axis-cylinders  into  those  i 

Coiniais«nr#s,— The  anterior  eommmure{^g.  254,  Ca)  consists  of  II 
dullated  nerve-fibres  which  pass  on  each  side,  some  into  iheanterion" 
column,  others  into  the  anterior  horn  of  grey  matter.  Their  course  ill  _ 
strictly  transverse,  many  fibres  which  enter  the  anterior  part  of  the  car 
missure  at  one  side  leave  it  at  the  posterior  jiortion  on  the  other  sifc 
There  is  thus  a  double  decussation  at  the  middle  line  (fi^.  252,  5).  TWl 
deetissation  is  most  distinctly  seen  in  the  coraijaratively  short  and  wifc 
commissure  of  the  lumbar  refjion,  and  in  the  upjKT  part  of  the  oenrkJ 
rei^iou.  In  the  latter  situation  it  appears  as  a  continuation  of  the  deCBi^ 
sation  of  the  anterior  pyramids  of  the  medulla  oblongata,  to  be  ilUf- 
wards  described.  In  addition  to  the  transverse  there  are  a  few  loDgits^ 
dinal  bundles  of  fibres.    The  transverse  fibres  of  the  anterior  oommimt 
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somewhat  displaced  by  vessels  which  pass  into  the  grey  sub- 

.^T^Jfc  from  the  anterior  fissure. 

'^Wbtb posterior  commisawrBiR^X^  composed  of  medullated  fibres  running 

eiscly  or  with  a  slight  obliqaity,  but  there  is  a  considerable  amount 

oglia  between  them,  and  this  gives  the  grey  aspect  to  the  com- 

In  this  commissure  is  contained  the  central  canal  of  the  spinal 

the   fibres   of  the   commissure  sweeping   round  it,  leaving  an 

~^^    oatside  the  epithelium  of  the  canal  almost  free  from    nerve- 

1 4IH^  and  occupied  only  by  what  appears  like  a  portion  of  neuroglia, 

'Ssig  in  the  hardened  condition  a  reticulated  structure  and  in  the  ^sh 

«^  i\  L!  L I iinous  aspect.    It  is  sometimes  termed  substantia  gelatinosa 

M^ahs^     The  outermost  part  is  marked  off  from  the  rest  by  the  more 

_  ^:^iitnc  disposition  of  its  fibrils.  There  is  rather  more  of  the  posterior 

tzkniij^sTire  behind  the  central  canal  than  in  front.    The  fibres  of  the 

Mi^mrioT  f>art  curve  backwards  on  reaching  the  lateral  crescents  of  grey 

tei  and  |>ass  towards  the  bundles  of  the  posterior  roots,  whereas  those 

■^    anterior  part  diverge  at  various  angles  into  the  cervix  cornu. 

tctitral  eanal  is  lined  with  a  layer  of  columnar  ciliated  epithelium. 

cells  are  slightly  longer  on  the  dorsal  than  on  the  ventral  aspect  of  the 

Each  cell  is  provided  with  a  bunch  of  cilia  on  the  side  which  is  turned 

■  i  the  lumen  of  the  canal :  the  other  end  of  the  cell  is  prolonged 

)  i^iodar  substance  just  mentioned,  and  there  becomes  lost  to  view. 

adult  the  lumen  of  the  central  canal  is  not  unfrequently 

ated,  being  filled  up  by  detached  cells. 

jin  of  iliA  spinal  nerves. — The  anterior  and  posterior  roots  of 
spinal  nerves  are  attached  along  the  sides  of  the  cord,  oppo- 
^^e  to  the  corresponding  comua  of  the  grey  matter  ;  the  posterior  roots 
«^  a  straighti  line  at  the  postero-lateral  groove,  and  the  anterior  roots 
^»ttertd  somewhat  irregularly  upon  the  surface  (fig.  246,  b). 
JlTl  he  anterior  roots  are  seen  in  a  transverse  section  to  pass  through 
9^ be  substance  and  to  enter  the  grey  cornu  in  several  bundles,  which 
^•''c^  a  dight  upward  inclination,  so  as  to  be  often  cut  obliquely  if  the 
.*^ction  be  exactly  in  a  transverse  plane.    Some  of  the  fibres  on  reaching 
^^e  gnj  matter  are  directly  connected  with  the  axis-cylinder  processes 
^f  the  large  nerve-cells  of  the  cornu.    The  others,  and  perhaps  the 
V^g^i*  number,  pass  by  the  cells  without,  so  far  as  can  be  seen,  entering 
%ki  r&lation  with  them. 
^    As  scMan  as  the  bundles  enter  the  grey  matter,  their  fibres  diverge 
1km.  one  another,  some  going  inwards  towards  the  anterior  commissure, 
t&en  outwards  towards  the  anterior  part  of  the  lateral  column  and  others 
straight  backwards  to  the  posterior  cornu  (fig.  255).  Of  those  which  pass 
mwards  some  are  continued  into  the  axis-cylinder  processes  of  the  mesial 
group  of  cells  of  the  anterior  cornu,  and  others  are  stated  to  go  to  the 
other  side  of  the  cord  through  the  anterior  commissure  and  perhaps  to 
become  connected  with  the  corresponding  cells  there.    The  outwardly 
direct^  fibres  of  the  root  are  partly  connected  with  the  lateral  group  of 
interior  coma  cells,  and  partly  enter  the  lateral  white  column  and  turn 
upwards  in  it.  The  middle  set  of  fibres  again  are  partly  connected  to  the 
cdig  of  the  hXenX  group  of  the  anterior  cornu,  and  partly,  as  just  men- 
tioned, pass  on  to  the  posterior  cornu  without  coming  into  relation  with 
the  motor  nerve-cells.    Their  further  course  here  has  not  been  traced. 
According  to  Oerlach  they  are  continued  mto  some  of  the  scattered  cells 
of  the  posterior  oomo* 
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The  posterior  roots  at  their  entrance  into  the  oord  aie  aei 
two  sets.    Of  these  the  external  and  somewhat  smaller 
grey  matter   at  once,   passing   in  separate  bundles,   parth 
the  substantia  gelatinosa  of  Eolando,  partly  curving  roand 
stance.    Their  course,  like  that  of  the  bundles  of  the  anteni  j 
is  directed  slightly  obliquely  upwards.    In  the   substantia 
many  of  the  bundles  become  longitudinal,  turning  either  ^ 


Ic^ 


Fig.  255. 


fimj- 


Fig.  255. — ^Diioui  I 

LU8TRATK        TBI 
TAKEir    BT  TBI 
THE  NEBVB-B00n« 
INO      THB      SFHU  I 

(E.A.S.) 

a>  a,  two  foBMiill 
anterior  root  of  a  i 
some  of  their  fibni  | 
into  the  latenl 
anterior  coma ;  \\  f,  j 
passing  into  the  notf 
the  same  oonia %  %\_ 
passing  to  the  btail^ 
of    the    same 
joining    nerre-eeUi ; 
fibres  passing  towudil 
terior   comu  ;     4,  i  j 
passing    across   tin 
commissure,  to  «■!■ 
ceUs  in  the 
the  other  side ;  f,  \ 
of  the  posterior  mt; 
fibres  of  its  latenJ  arc 
division  coming 
around  the 


sliance  of  Rolando ;  some  of  these,  5,  are  represented  as  becoming  longitadiHl  i 
latter;  others,  6,  6,  as  i>a88ing  towards  the  anterior  comu,  either  directly  crafts . 
ing  cells  in  the  posterior  comu,  and  others,  7,  as  curving  inwards  towards  the  glV< 


missure ;  p,  m,  fibres  of  the  mesial  or  inner  division,  entering  the  poeterior  eolflBl 
then  becoming  longitudinal ;  jt\  m',  fibres  from  a  posterior  root  which  had  joiMl 
cord  lower  down  and  entered  the  posterior  column,  now  passing  into  the  giejM  ' 
the  root  of  the  posterior  comu.     Of  these,  8,  is  represented  as  entering  Clarice's  c 
9,  as  curving  around  this  and  coursing  to  the  anterior  commissure,  and  10,  as  . 
towards  the  anterior  comu.     The  axis-cylinder  processes  of  the  cells  of  dacke*!  < 
are  shown  arching  rouml,  and  taking  the  direction  of  the  lateral  column. 

a.m./.,  anterior  median  fissure  ;  p.m./.,  posterior  median  fissure  ;  c.c,  ceBtalcMlli'^ 
g.Ii.,  substantia  gelatinosa  of  Eolando. 

downwards  for  a  certain  distance,  and  then  in  all  probability  panBg*  \ 
again  horizontally.  The  rest  pass  at  once  horizontally  into  the  gwf 
matter  where  for  the  most  part  they  become  lost,  but  some  can  be  tnoi 
as  far  as  the  anterior  c^ornii,  and  others  tend  towards  the  posterior  c<»" 
missure,  and  probably  pass  through  it  to  the  otlier  side. 

The  inner  or  ])rinci])al  bundle  of  the  posterior  root  enters  theporteriff 
white  column.  The  fibres  turn  upwards  in  this  and  run  longitodindlf 
for  some  distance.  At  lenrrth,  after  passing  through  several  segmeato 
i)F  the  cord,  they  turn  in  obliquely  into  the  base  of  the  poeterior  ooM. 
which  in  their  longitudinal  coui*se  they  have  been  gradually  approachin;- 
(It  is  uncertain  whether  all  the  fibres  thus  turn  in  again  or  wnetheraooe 
are  continued  along  the  column  towards  the  eneephalon.)  Here  ther 
form  a  well-marked  bundle,  which  traverses  the  grey  matter  obl^iid;» 
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;  towards  the  anterior  comn^  and  catting  off  in  their  passage  a 
i  area  of  the  grey  substance  in  which^  in  the  dorsal  region,  the 
^  Clarke's  colmnn  lie.  Some  of  the  fibres  of  the  bundle  enter  this 
there  become  longitudinal,  others  go  towards  the  outer  or 
group  of  cells  of  the  anterior  oomu,  and  others  again  bend 
'  round  towards  the  anterior  commissure. 

of  the  nerve-fibres  in  the  spinal  cord. — It  is  impossible 
hiBvel  the  tracts  of  nerve-fibres  in  their  passage  along  the  spinal 
^snd  it  is  exceedingly  difficult  to  trace  the  same  fibre  or  fibres  for 
pistance  in  microscopical  sections  of  the  organ.  But  the  task  of 
kring  out  the  course  of  certain  sets  of  fibres  has  been  much 
itated  of  late  years  by  the  application  to  the  subject  of  certain 
iiJ  developmental  and  pathological  methods  of  observation.  Thus 
found  that  if  the  development  of  the  spinal  cord  is  carefally 
rved,  the  medullary  substance  of  the  nerve-fibres  is  formed  later 
j[  certain  tracts  of  the  white  columns  than  in  the  rest  of  the  white 
er,  so  that  in  transverse  sections  of  the  cord  these  tracts  are  easily 
Bgnishable  by  their  more  transparent  grey  appearance  (Flechsig). 
iother  method  by  which  similar  resmts  are  arrived  at  consists  in 
Dg  the  course  which  the  degeneration  of  the  fibres  pursues  in  con- 
Bnoe  of  a  lesion  either  in  the  encephalon,  or  in  the  spinal  cord  itself, 
^en  in  the  peripheral  nerves ;  the  lesions  being  produced  by  accidental 
ry,  by  TOthological  changes,  or  experimentally  in  animals  (Schieffer- 
ar).  The  degenerations  which  follow  are  either  the  result  of  the 
tenan  law  thai,  separation  of  a  nerve-fibre  from  the  nerve-cell  with 
ik  it  is  connected  as  its  trophic  (nutritive)  centre  is  followed  by  de- 
mtive  changes  in  the  part  of  the  fibre  thus  separated  from  that  centre, 
tey  may  follow  from  the  prolonged  disuse  of  a  nervous  tract,  especially 
Jong  animals,  as  when  a  limb  is  removed  alto^ther  or  a  nerve  or  nerves 
nanently  paralyzed.  The  degeneration  which  follows  a  lesion  of  part 
be  nervous  centre,  and  especially  section  of  the  spinal  cord,  is  in  some 
tB  centrifrigal,  in  others  centripetal.  The  place  of  the  degenerated 
reus  substance  is  taken  by  connective  tissue  and  this,  by  its  difference 
lehaviour  to  staining  fluids,  can  easily  be  distinguish^  by  the  sur- 
iding  undegenerated  white  substance.  In  some  cases  groups  of  nerve- 
I  aie  affect^  by  the  degenerative  processes,  and  some  of  tne  cells  may 
1  eventually  disappear  altogether.  When  this  is  the  case  it  may  be 
med  that  they  arc  in  some  way  in  connection  with  the  tracts  of 
s  which  have  simultaneously  undergone  degeneration. 
1  the  antero-lateral  coliunn  there  are  at  least  two  such  tracts  which 
by  these  methods  be  traced  not  only  along  the  greater  part  of  the 
al  cord  but  into  or  from  certain  parts  of  the  encephalon.  The  two 
te  in  question  have  accordingly  been  named,  from  their  upper  con- 
ons,  the  pyramidal  tract  or  tracts,  and  the  direct  lateral  cerebellar  tract. 
he  pyramidal  tract  is  directiv  traceable  down  from  the  anterior  pyramid 
he  medulla  oblongata.  The  greater  number  of  the  fibres  which 
pose  the  pyramid,  cross  at  the  upper  limit  of  the  spinal  cord,  down 
Ih  they  pass  in  the  posterior  part  of  the  lateral  column  as  a  compact 
He  of  fiores  occupying  in  transvei*se  section  a  somewhat  oval  area 
di  lies  in  the  angle  between  the  posterior  comu  and  the  outer  surface 
le  cord,  but  is  in  most  parts  separated  from  both  by  bundles  of  fibres 
aging  to  other  systems.  This  lateral  or  crossed  part  of  the  pyramidal 
\  (fig.  256,  cpJ.)  can  be  traced  as  far  as  the  third  or  fourth  pair  of 
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sacral  nerves^  becoming  gradually  smaller  below  and  app 
surfece  of  the  cord. 

Some  of  the  fibres  of  the  pyramids  of  the  medolla  do  not 
the  upper  limit  of  the  cord.  These  pass  down  close  to  1 
median  fissure,  forming  the  anterior  or  uncrossed  portion 
midal  tract  {d.pJ.)y  which  gradually  diminishes  as  it  is  traced 
and  ceases  altogether  at  about  the  middle  or  end  of  the  doi 
the  cord.  It  is  highly  probable  that  the  decussation  of  tl 
pyramidal  tracts  goes  on  along  their  whole  course,  their  fi 


Fig.  256. — DlAQRAMXATIO  BBGnOVS 
CORD  AT  DIFFERBHT  PARTS  TO  SE 
LOCALIZED  TRACTS  OF   FIBBBS  IS  1 

8TANCB  (after  Flecbsig).     Ohb  ami 

THE   KATCRAL  SIZE. 


Fig.  2f6. 


/.,  at  the  level  of  the  sixth  < 
the  third  dorsal ;  ///.,  of  the  sixth 
the  twelfth  dorsal ;  K.,  at  the  lere 
lumbar. 

d.p.Ly  direct  or  anterior  pyimmidml 
crossed  or  lateral  pyramidal  temet 
cerebellar  tract ;  y,  tract  of  OoVL 

through  the  anterior  oomi 
through  the  grey  matter  of  ) 
side  to  reach  the  lateral  pTn 
on  the  other  side  of  the  oora. 
sating  fibres  in  the  anterior 
would  thus  form  a  continna 
larger  decussation  in  the  mei 
gata. 

There  is  much  variation  in  the 
of  the  anterior  pyramidal  tracfee 
individuals.  In  some  thej  are  ■ 
as  to  form  a  visible  prominence  < 
of  the  cord  close  to  t^e  anterior  x 
in  others  they  are  qnite  small,  or 
altogether.  In  this  case  it  ma; 
that  the  decussation  of  the  pyrK 
known  to  be  subject  to  con^en 
has  been  more  complete  than  lup 
cases  again  the  anterior  pyramk 
beunsymmetrical,  being  more  dei 
side  than  on  the  other,  or  the  tn 
may  be  whoUy  undeveloped. 

The  direct  lateral  cerebellar  tract  {c.t,)  lies  between  the  latei 
tract  and  the  outer  surface  of  the  cord,  occupying  a  some^ 
area  of  the  transverse  section,  which  in  the  upper  regions 
reaches  to  the  tip  of  the  posterior  comu,  but  lower  down  h 
limited,  and  is  separatea  from  the  comu  by  the  interrei 
adjoining  pyramidal  tract.  It  disappears  at  about  the  seo 
lumbar  nerves. 

It  is  found  that  there  are  a  few  fibres  scattered  throng! 
bouring  parts  of  the  lateral  column  which^  from  their 
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THE   ENCEPHALON*. 

The  cnccphalon  comprises  the  medulla  oblongata,  the  oerel 
the  pons  \arolii,  the  mesencephalon,  the  thdamenoephido 
cerebral  hemispheres;  the  three  parts  last  named  .being  t 
lectively  the  cerebrum.  The  medulla  ohlongata  (fig.  257,  D) 
continuous  with  the  spinal  cord  :  it  is  the  lowest  part  of  the 
and  rests  against  the  basilar  process  of  the  occipital  bone. 
helium  (b)  occupies  the  posterior  fossa  of  the  cranium.  Its  < 
forms  the  posterior  boundary  of  a  space,  which  is  bounded  ; 


Fig.  257. 


Fig.  257.- 
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the  poster 
of  tne  mi 
longata,  8 
is  named  ' 
ventricle  of  the  brain.  On  each  side  of  this,  the  cerebellum  is 
by  peduncles  below  with  the  medulla  oblongata,  above  with  the 
and  in  the  middle  with  the  pom  Varolii  (c),  a  commissure  ii 
two  halves  of  the  cerebellum.  The  cerebrum  (a)  includes  i 
nmining  and  by  far  the  largest  part  of  the  encephalon.  It 
with  the  parts  below  by  a  comparatively  narrow  and  constrid 
or  isthmus  (a,  V)y  part  of  which,  forming  the  crura  ccrebn 
through  the  pons  Varolii  into  the  medulla  oblongata,  whilst  ai 
on  each  side  joins  the  cerebellum.  The  cerebrum  is  mainly 
of  tlie  large  convoluted  cerebral  hemispheres,  and  within  it  an 
and  two  lateral  ventricles.  It  occupies  the  vault  of  the  en 
anterior  and  middle  cranial  fossas,  and  the  superior  fossas  of  tt 
bone.  The  cerebral  hemispheres  are  united  tof|;ether  by  a  1 
missure  termed  the  corpus  callosum,  and  by  smaller  commisso] 
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XZTSRNAIj   charactbbb. 

The  medulla  ohlo7igafa  is  continuous  below  with  the  spinal « 
level  with  the  lower  margin  of  the  foramen  magnum.    Its  npp 
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bundka  of  the  pjTaraida  ;  tlie  pristerior  fissure  is  coBtiniied  i 
about  the  middle  of  the    niL'dulIa  wlicre    it  expands  into 
vcntiicle. 

The  structure  of  the  medulla  oLloOirata  will  l)e  most  easilj  mi^l 
by  tracing  tlie  several  parts  of  the  spimd  cord  upwanls  iaf 
eoutiuuity  with  the  parts  of  the  medulla  oblongata. 


Fi^.  259. 


Fi^.  2ril*,— Trnw  of    thk   akt«woi  f 
*)P  TH*  rosa  Varolii   aku  utonKiui 
QAikf  vinn  A  suxhh  pjlut  or  ret  i 

CORD   ATTACHED. 

a,  (ft  pyramids;  5,  their  dectma^w: 
olives  ;  d^  d,  resttfonu  bodies  ;  c,  cst*?r&^'  i 
form  fibres,  curving  round  the  lover  etfi  •<  I 
olive ;  /,  fibres  deseribed  by  SoUy  tm 
tlie  anl'jrior  eoluinn  of  the  card  io  iWl 
bellum;  .'/,  juitcriar  coUimti  of  the  i 
h,  la  tend  {:olurnii  ;  p,  |Hins  Varolii ;  t,  ili| 
librea  ;  v,  Vj  roots  of  the  HfLb  p^  of  x 


In  doings  this  it  iv ill  be  found  1 
relative  ix>sition  and  extent  of  mutjt 
parts  are  ^adually  altered,  und  thifc« 
part^  which   are  not,  so  far  os  \»  I 
represented  in  the  spinal  cord  become  I 
pointed  between  thoiJO  which  are  there  I 
with.     It  will   further  be  found  thili 
change  of  relative  position  of  the  | 
largely  owing  to  two  cauBes.    In 
place  the  Budden  passage  of  huge  I 
medi]  Hated  fibresi  from   the  pocienor  ] 
of  tho  lateral  column  of  the  cord  to  the  opposite  fdde  of  the  anterioEi 
fissure  appears  to  break  up  to  a  g^reat  extent  the  grej  matter  of  the  i 
comu,  which  is  traversed  by  the  bimdles.   In  the  eeccnd  place  the  opestnglll 
the  central  canal  and  separation  of  the  lips  of  the  posterior  median  fl«Brel*^  _ 
the  grey  matter  to  the  smface  in  the  fourth  ventricle^  whilst  the  post«ior  od  ' 
IB  coinoidently  i?hifted  to  the  Fide;  much  In  the  same  way  as  it  wouM  1- 
median  incision  were  made  from  the  poaterior  surface  of  the  epinal  com  a* 
the  central  canal,  and  the  two  lateml  halvea  wore  tlicn  tume^l  outwards  «  ^  ^ 
the  sides  of  the  posterior  median  fi^stire  became  the  ixwterior  surface  of  1^ 
cord. 


In  tracing  the  parts  of  the  spinal  cord  upwards  into  the  medolb  ift 
the  manner  prnpiged,  we  may  employ  the  lines  dong  which  the  cnrnW 
nerre-roots  issne  from  the  sides  of  the  medwlla  as  gnidos  in  recogDtiifl| 
in  the  latter  the  three  chief  eolumms  which  arc  marked  off  on  the  Ruface 
of  the  cord  hy  the  exit  of  the  spinal  nerve-roots.  It  will  be  found  OM 
the  iiuf  of  ike  poster wr  or  smwry  roots  of  the  spinal  nerves  is  prokagri 
for  a  certain  distance  by  a  series  of  bundles  of  the  spioal  mxeBsmT 
eleventh  cranial  nerve(fi^s.  200,  2illj  A'l ).  This  begins  to  take  ot^gii 
as  far  down  as  the  lower  end  of  tlie  cervical  Region  of  the 
{fig.  244,  8),  but  there  its  roots  issue  moi*e  from  the  side,  and  ext^ 
to  the  posterior  roots  of  the  cenieal  nerves.  At  the  upper  end  of 
cenical  region  however,  they  approach  the  line  of  ihe  posterior 
and  indeed  some  of  the  bundles  arise  in  conjunction  with  those  of 
first  and  sometimes  of  the  second  cervical  nerves  after  whiuh,  as  just 
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nm  utpevhk 
^    roxi    TA- 


p  they  prolong  the  line  of  the  posterior  rootsA 
Dg  this  line  by  the  bundles  of  the  Taenia  rooi 
again  by  those  of  the  glossophaiyngeal  (IJCX   y' 
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iHn^    letters 

refer  to  parts  in  connection  with  tlie  meduUA  oblongata  and  pons.  PV, 
F,  the  greater  root  of  the  fifth  oerre  ;*  +,  the  lesser  or  motor  root ;  F/, 
r«  ;  I'//,  the  fada!  ;  F///,  the  auditory  uerro ;  AY,  th©  glossopharyngeal ; 
iBOgaitrie  Derre  ;  XI ^  Ihe  spinal  accefloory  nerre ;  X  //,  the  hypoglosaal 
mboocipttal  or  firat  oenioil  ncr^e  ;  p  a,  pynunid  ;  o,  olive  ;  d,  anterior 
i  of  the  ii|>ioal  cord,  aliore  which  the  decasBation  of  the  pyramids  i»  repre- 
otdiuaii  of  oord^  r,  lateral  tract  of  mcdulk  ooDtmuoua  with,  c  ^ 
of  the  i^aal  cord* 

€  tbeie  nerves  deeply  into  the  medulla,    they   are    found 

^  or  finom  collections  or  columns  of  nerve-cells  which  lie  in 

t  derived  from  the  posterior  coma  of  the  cord.     They  corres- 

morphologically,  and  iu  a  measure  physiologically,  to  the 
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iterior  roots  of  the  spinal  nerves^  and  their  liae  of  exit  i 
the  postero-latcral  groove  of  the  cord  and  indeed  is  marked  fit 
a  shallow  sulcus  continuous  with  that  groove.     If  this  line  \ 
upwards  (fig.  2G1)  it  will  be  seen  that  the  sulcus  is  obliterated  or  o 
before  long,  so  that  the  issuing  bundles  of  nerve-root«  alone  eemii 
its  position.    As  it  passes  upwards  it  becomes  gradually  moie  ( 
from  the  middle  line,  turning  outwards ;  so  that  opposite  thepba^ 
the  central  canal  opens  into  the  calamus  scnptorius  of  die  i 
ventricle,  the  line  in  question  has  left  the  posterior  sorface  andi 
rest  of  its  course  runs  along  the  lateral  surface  of  the  medulla, 
the  upper  end  it  passes  near  the  posterior  margin  of  an  oval  i 
on  the  surface  of  the  medulla  termed  the  olivary  body  (jo),  but  is  s 
from  that  prominence  by  a  narrow  tract.    In  transverse  aectioDseI| 
lower  part  of  the  medulla  oblongata  (fig.  262)  it  is  seea  that  tbel 
of  fibres  of  the  nerve-roots,  in  traversing  the  substance  of  the  i 
to  reach  the  grey  matter  near  the  central  canal  mark  off  a  somewb 
area  on  each  side  at  the  posterior  part  of  the  section.   This  area  is  fa 
by  Flechsig  tlie  posterior  area  of  tJie  medulla,  and  the  tracts 
fibres  which  can  be  traced,  as  will  be  immediately  noticed,  n 
surface  of  this  part,  may  therefore  be  conveniently^  termed  its  j 
columns.  Theycorrespona  in  position  to  the  posterior  colmnns  (~ 
median  column,  and  posterior  lateral  column)  of  the  spinal  cod 

The  line  of  oriffin  of  the  anterior  roots  of  the  spmal  nerves  ill 
marked  in  the  spinal  cord  by  a  distinct  furrow  like  that  from  whickl 
posterior  roots  issue.  But  the  same  line,  when  traced  upwards  into  I 
medulla,  deepens  into  a  well-marked  longitudinal  groove  which  iso 
tinned  almost  vertically  as  far  as  the  lower  border  of  the  pons. 
upxKjr  part  this  groove  separates  the  olivary  prominence  from  tli 
mincnce  of  the  p}Tamid.  Just  below  the  olivary  body  it  is  often  ( 
rated  for  a  certain  part  of  its  course  by  a  band  of  transverae  fibres, 
root-bundles  of  the  hypoglossal  nerve  (figs.  200,  261,  XII)  piSB  I 
from  this  furrow,  and  in  transverse  sections  of  the  medulla  tl^y  lUf  t 
traced  back  through  the  substance  of  the  organ  to  a  group  or  colmiU 
nerve-cells  situated  in  a  portion  of  grey  matter  close  to  the  antero^^ 
side  of  the  central  canal  in  the  lower  closed  part  of  the  medulla  (fig. ! 
and  close  to  the  middle  of  the  fourth  ventricle  in  the  upper  opened 
part  (fig.  268).  This  portion  of  grey  matter  is  continuous  bdov  t  ^ 
part  of  the  anterior  comu,  so  that  the  roots  of  the  hypogloesiX  1^/4 
their  deep  origin  and  in  their  place  of  exit,  correspond  with  the  antoiff  1 
roots  of  the  spinal  nerves.  In  traversing  the  substance  of  the  medallittfl 
mark  off  an  anterior  area,  wedge-shaped  in  transverse  section,  wiuekB  I 
placed  between  them  and  the  anterior  median  fissure  (fig.  262,/),  TS  I 
area  is  on  the  surface  marked  by  the  prominence  known  as  the  pyrimUd 
anterior  pjramidy  wliich  corresponds  in  position  (but  only  to  a  small  exrt 
in  the  fibres  of  wliich  it  is  composed)  with  the  anterior  colunm  of  thespod 
cord.  The  remainder  of  the  transverse  section  of  the  mednllf^  after  Ab 
posterior  and  anterior  areas  are  deducted,  lies  between  the  line  of  nenfr 
root  bimdlcs  of  the  hypoglossus  and  that  of  the  successive  bundles  d 
the  spinal  accessory,  vagus  and  glosso-pharyn^cal.  This  is  termed  bj 
Flechsig  the  lateral  area,  and  on  the  surface  it  is  marked  below  bri 
continuation  of  part  of  the  lateral  column  of  the  cord,  and  above  bjr  the 
olivary  prominence  already  alluded  to. 

AVe  may  now  proceed  to  describe  in  detail  the  several  parts  whidi 
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m  the  surface  of  the  medulla  in  the  three  regrions  thus  marked 
the  two  sets  of  nerre  roots^  commencing  with  the  posterior 

Fig.  2«1, 


g.  2tfl, — Xmm  or  tbm  xni^vu*A  obIiOSO-ata,  pokji  Varolu,  cruia  csuBftr^  am* 

.  FAB13  OF  Tag  IXCCPBALOir  FROM  TDK   RIGHT  SILX.       (Allen  TbomSOQ.) 

Gorpoi  vteiatniR  «nii  thabitDUia  opticns  have  been  preservetl  In  connection  with  the 
lohe  uttl  cmra  cerebri,  whUo  the  reroamiier  of  the  cerebrum  has  been  removed. 
3tt  wppcr  snrfsce  of  the  corpus  stmtnm  ;  Th,  buck  part  of  the  tfajkhuDUB  optioai  ;  C, 
'  Ml  tlw  siiddle  of  the  five  or  six  coiivolutionii  conatituting  the  central  lobe  or  Isknd 
^^  Bell*  tbe  oerebnJ  subttuioe  being  removed  from  it«  circumference  ;  Sj/^  ^ihsotq  of 
^yl II i»i>  finom  whieh  these  ooturolotioiii  radiate,  and  in  vhic^h  are  seen  the  white  striae  of 
1^  olfacioffy  tnwt ;  I,  the  oIf«rtory  tract  diTided  and  hanging  down  from  the  grooTO  in 
t|M»  coBYointiiiii  vhkh  lodges  it ;  IL»  oj>tie  Dcrrea  a  littJo  way  in  front  of  iLe  commiasnTe  ; 
m^  H^t  oofpoa  albiouui  with  the  in  her  dnercnin  and  infnndibalam  in  front  of  it ;  h, 
\fpopky^M  or  pituitary  body  ;  e,  ext«maJt  2^^<1  h  internal  corpaa  gcniculatnm  at  the  hack 
^■ct  ol  th/6  optic  tract ;  P,  peduncle  or  vnxn  of  the  cerebrum  ;  III,  right  oculo-motor 
«C!rv«  ;  p,  pineal  gknd  ;  9,  corpora  qajtdrigomina ;  IV,  trochlear  nerve  ri^g  from  v,  the 
tmlmg  qI  ViensBesia. 

TW  lollowiBg  smnbeis  and  letters  refer  ehiefiy  to  parts  in  connection  ttith  tie  medulU 
lait  ^OftS*  Tf  placed  on  the  potis  VArolii  abo^ro  the  right  nerrua  trigeminus  ;  «,  the 
•ii|iaier,  m,  the  middle,  and  ih,  the  inferior  i>eduncle  of  the  cerebellum  cat  short ; 
VI,  the  siith  nerre  ;  VII,  facial  nerre  ;  VIII,  Auditory  nerve  ;  IX,  the  gloso-pharyngcal 
■crre ;  X,  placed  ofipcsite  to  the  cut  end  of  the  pneumn- gastric  nerre ;  and  XI,  the 
appermott  fibres  ol  the  spinal  accesaory  nerve  ;  XII,  the  hypoj^lo<isa1  nerve  ;  p  a,  pvtamid  ; 
e,  elire  ;  a  r«  tfciform  fibres  ;  r,  restifomi  body  -,  fr,  tubercle  of  Rolando  ;  c  a,  sjitertor, 
c  p,  posterior,  and  c  f,  lateral  columns  of  the  spinal  cord  ;  C  IjC  f\  anterior  nnd  posterior 
noli  of  the  first  cerrical  nerve. 
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Fig.  262. 


Fig.  262.— Sectiow    ACitiom  fin 

OBLOKOAtl    A     LITTLK    BCT. 
Of    THE    CALAMI  S    SCRlPTv 

Clarke). 

r,  central    can&l ;     /,    anu-n  <f 
fijjssure  ;f.j.t  fuciculuEgnwili*;/' 
l«s  cuneatiiH ;  f.TJ,  tubercle  cf  B^- 
oliTary  body;  a.p,  pyramid  ;  Xl^iili 
occcfisory  luid  hypogloesal  nenTs  ;  B, I 
their  nuclei. 


Posteirior  columns.     It    - 

remembered  tliat  In  t}ie  upp^r  r^ 
of  th^^  Ppinal  cord  a  small  p" 
the  whole  posterior  column  is  n 
off  from  the  rest  by  a  well-dtv 
pia-matral  septum,  and  is  in !. 
in  the  Biirfuce  Ly  a  distinct  longitudinal  prominenee  bounded  late 
by  a  shullovv  groove.     The  portion  thus  marked  off  is  the 


S.7JJ^.] 


Fig.  263.— FosTSRioft  AH*  1 

%Ah  VIEW  OF  TBE 
0BWIJK5ATA,  fOURtB 
AKD  HESB3ICEPUJlX»ir  \\ 

Natithai.  Bias. 

The    cerebellum    and 
moduHan'  velum,  and  tbt  i 
half  of    the    superior  medd 
rclam,  LaTO  been  cot  av»7«  i 
to  expose  tLe  fourth  reotziek] 

p.H.,     Hue    of    the 
roots     of     the     epiiuil 
p.m./.,  )x>sterior  median  i 
/.*hf  funiculus   gracilis;  tK 
clara;  /f.,  funiculus  cii» 
f.Ji.f  foniculua  of  BoUndo;  f 
reatiform   body  ;    c".#.,  lo"tr  i 
of  the  fourth  ventricle  (cs 
seriptorius) ;    /.     ecctian    ol 
lij^ub  or  taenia  ;  pari  of  tbt  <V 
roid  plexus  is  seen  beDOOb  ^^ 
Lr.,   lateral  recttm  of  tk«  «» 
triclc;  sfr.,  strua  &eiiftk»;  J^ 
inferior  (posterior)   fofm;  lit 
fitiperior    (anterior)     fov«a;  W, 
tween  it  and  tite  medias  i 
is  the   funiculus  teres  ; 
Biirface    of    the    left 
belli isphere  ;   n.d.,    centnl  p^  ' 
matter  (ruideuA  dcotattu)  i 
a    wavy   line  ;     ^.w.t?., 
(anterior \  mcduUaty  velum ;  l«f, 
lingula  ;  §,c,p,,  superior  ooeW- 
lar  peduncle  cut  loogitiidtiiaU; , 
cr.,  combined  section  of  the  thiit 
oorebellar  peduncles   (the  timilt 
of  each  are  not  marked j ;  r ,f  a, 
t,qA,f  corpom  qaadrigemina  tsuperior  and  Infertor)  ; /r.,  frsenulam  ; /,  fibrea  <d  ihi 
fillet,  seen  on  the  surface  of  the  tegmentum  ;  c,  cnista  ;  Lff,,  lateral  groove  ;  Cj^.t.,  ooipv 
geuiculatum  ititenmm ;  th.,  posterior  part  of  thalamus^  p^  pineal  body.     Tht  ivm^n 
nnmlMfTB  indicate  the  corresponding  cranial  nerves. 


L 


^a  the  posterior  median  eohinm  and  the  postero^lakral  groove 
pch  the  posterior  roots  of  the  ccrvit^al  nerves  pnss  out  there  Is  found 
fpec  part  of  the  cord  a  siogle  distinct  column^  viz,,  the  piFterior 
lobiixin.  This  is  also  the  eondition  at  the  lowest  part  of  the 
doee  to  its  junction  with  the  eurd.  But  verv  scon  there  begins 
bletpulated  between  the  prohmiration  of  this  column  and  the 
In  question  aDother  longitudinal  prominence  wbieh  is  at  first 
t>Qi  •oon  broadens  out  into  a  considerable  eminence  known  as  the 
l$fB4>iando,  The  luucritudinal  prominence  which  passes  op  into  it, 
d  therefore  by  Schwalbej  the  ftfnkulus  of  Rolando  (fig,  2G3,/,/^.). 
fmt  be  rcgarued  as  the  prolongatiftn  of  the  posterior  lateral  column 
idn&Ilv  ejTpands  as  itaseend^^  so  that  it  has  a  so  mewl  lat  wedge -like 
fd  it  is  accordingly  known  as  the  caneate  funictdus  (/>.)•  t)n  a 
|h  the  adjoining  clavii  of  the  funiculus  gracilis,  the  enlarged  part  of 
funiculus  ids^*,  like  that,  exhibits  a  slight  eminence,  which 
ed  in  children,  and  has  been  termed  the  mneak  tubercle 
»).  Bejond  this  the  cuncate  funiculus  passes  the  clava,  and 
ferming  the  lateral  boundary  of  the  fourth  ventricle, 

I  of  Bol&ndo  is  termed  by  HcilIc  the  lateral  cmiciLte  funic aluu  ;  it 
pad,  ■«  wif  shidl  piX29estl7  see,  by  the  approach  of  the  caput  cornu 
|i  to  the  fiixfRoe. 

p  ViVf^  part  of  the  medulla  oblonji^at^ij  the  cnneatc  funiculus  is 
id  oy  a  set  of  fibres  {cjciernal  arcifarm  ar  arcuafe  fibres)  which 
■a  toe  anterior  median  fissure  and  ptissing  transversely  outwards 
nboe  of  the  antcri*>r  pyramids  and  olivary  bod}-,  turn  upwards  to 
rniftUbcia  body.  There  is  alsr*  a  narrow  strand  of  fibres  marked 
jptto  a|ipesranoe  which  crosses  the  line  of  the  posterior  roots  from 
M  oolunm,  just  above  the  level  of  the  tubercle  of  Rolando,  and 
tract  of  oblique  fibres.  This  is  the  kderal  cerehelhr  irffcl 
been  ah-cwiy  noticed  in  ihe  description  of  the  spinal  card, 
ni  upwards  as  they  cross  the  funiculus 
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Fig.  2(JI. 


F"; 

■  into  the  cerebeUnm,  and   this  ia  tnolulj  constltated  ns   will  be 
I  by  the  arehed  fibres  above  mentioned,  reinforced  by  the  lateral 

■  the  fibres  in  the  cuntat^  funicnlos  and  funiculus  of  Holjuido  liciif 
H  probability  not  continued  up  into  the  cerebelhur  peduncle^  f&a  from  1^ 
I  those  funiculi  sometiiaci*  appear  t/>  be. 


Fig,  264. — DiBSKCTTOK  Of 
0BL03(GATA  AND  r09S 
OOUJtSl    OF    THB     PTIlAJIIIkiLL 

(Alien  Thomson.) 


?f  pone  Torolii ;  /»,  the 
upper  part  of  the  right 
airay ;  j/,  the  fibres  of  the  lofl  l 
they  ascend  thr4>ugb  the  pooi^  c 
remoral  of  the  aupeHicial  feniuMi 
p"  b  placed  on   some   deepsr  i 
flbrei)  of  tbe  pons  on  the  right  tik,^ 
iho  divided  fibres  of  the  right  pjiaoi^  J 
left  iinterior  coliinm  of  the  oaid, ! 
part  paeaeB  opwnrds  into  the  eol 
the  pyramid,  tho  remaiDder  dipt  I 
pyramid    and    oliTary    body;  iv 
btxly  ;  o\  tho  continoatloti  of  { 
lateral  colamn  mcenditig  throtigii  t 
aud  expoeed  by  the  removal  c^  1 1 
portion  of  tlie  deeper   trangtena  1 
o'^  fK>ioe  of  the  same  fibres  c 
deeper  incision  oa  the  right  side;  4^ 
lateral  columns  of  the  cord ; 
deeper  partH  paaHing:  by  deca«ilia| 
the  pyramids;   r,   direct   oerebilta'l 
pajssiog  from  the  lateral   oohinui  i 

inferior  peduncle  of  the  cerebcHnm^  or  rest! form  body  ;  r',  fasciculus  paan^ 

anterior  column  to  the  same  ;  ft,  deep  longitudinal  fibrea  derived  from  the 

lateral  coltimas  of  the  cor«L 

11,  exjikafttoTy  oatline  of  the  section  of  the  spiaol  corL     a,  anterior  ( 

posterior  ;  I,  literal 

lateral  columms, — The  lateral  coliunu  of  the  spinal  cord  ap 
the  siirlace,  to  be  directly  cofitintied  upwards  iuto  the  lateral  c 
the  medulla  ol^lon^atiu     In  reality,  however  a  considerable  tract! 
white  fihrea — that  wldcli   in  the  spinal  cord  we  have  noticed 
lateral  p}Tamidal  tract— is  found,  at  the  lower  end  of  the  mt^t 
cross  obliquelj  in  Ptout  butidlea  through  the  grey  matter  of  the  anU 
coTuu,  and  acros.s  tlie  autenor  median  fissure  to   the  other  side  of  1 
medulla,  where  thev  foi-m  the  mesial  aud  larger  part  of  the  pynutti 
The  rest  of  the  latend  column  cau  be  traced  verticallj  upwards  (witht 
exception  of  the  lateral  cereliellar  tract  which  passes,  as  already  i 
oabed^  hackwanls  into  the  rcstifoiTu  body)  as  fnv  as  the  lower  end  of  ( 
olive  where  its  louiritudiMtdly  coursing  libi'es  become  conoealcd  bv  t 
prominence  and  hy  the  arched  fibres  already  noticed, 

ThecliTa^y  bcJdy  (figs.  i'fJO,  20 1,  o)  is,  as  its  name  implies,  mi  ciliit- 
shaped  iiromiueuee^  which  hc^s  in  the  upper  part  of  tho  wedalla  iquik* 
diately  iibo\e  the  apparent  termination  of  the  lateral  colnmiit  airf  «- 
tending  nearly  as  tar  as  the  lower  border  of  the  fnins,  being  oulv  sepaWted 
from  this  by  a  deef>  gi^oovc  in  which  is  sometimes  a  simdj  l)ana  of  arebed 
fxbres.  The  line  of  exit  of  the  hypoglossal  nerve-roots  lies  on  its  ianer 
or  mesial  bortler,  that  of  the  access^jry,  vagus  [ind  glossopharyng 
along  its  outer  side,  but  the  hitter  uiv  separated  from  it  by  a  j 
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Jj^longitadinal  fibres  prolonged  from  the  lateral  tract  can  be  seen. 
Skmies  ihere  is  a  small  longitudinal  tract  running  along  its  inner 
MKalsOy  and  in  snch  case,  with  the  arched  fibres  above  and  below, 
wre  appears  to  be  entirely  enclosed  by  a  fibrous  strand,  which  has 
kimeB  oeen  described  as  its  capsule  (siliqua  olivce).  The  longitudinal 
I  before  and  behind  the  olive  are  often  concealed  in  great  measure 
le  arched  fibres,  which  may  form  a  complete  superficial  layer  over 
five,  and  indeed  over  the  whole  anterior  and  lateral  surface  of  this 
r  part  of  Uie  m^ulla. 

eior  eolumm.     PyramicUi  of  the  medulla — ^The  anterior 

of  the  cord,  although  on  superficial  inspection  they  appear  to 

Dl^  into  the  pyramids  of  the  medulla,  are  so  only  to  a  small 

For  the  lateral  pyramidal  tract,  crossing  the  anterior  median 

from  the  lateral  colunm,  is  continued  upwards  close  to  that 

,  aiud  unites  with  the  comparatively  small  anterior  pyramidal  tract 

itote  the  prominence  known  as  the  jn/ramid.    The  prolongation 

I  of  the  rest  of  the  anterior  column  of  the  cord  lies  deeply,  being 

'  concealed  from  view  by  the  pyramids. 
j^yzsiBicbi  (fig.  260,/xi),  are  broader  andmore  prominent  above  than 
^niey  are  bounded  inte^mlly  or  mesially  by  the  anterior  median  fis- 


|»  S65u — SicnoK  OF  thi  mbdvlla  obloroata 

■r    THB    Xn>PU    OF    TBI    DICIJSSATIOH    OF   THS 

(Lockhart  CUrke). 

r ; /.jx,  poiierior  fissure  ;  a.|).,  pyramid ; 

oi  pari  of  anterior  comn,  separated  by 

;  bundles  from  the  rest  of  the  grey  matter ; 

ioQ  of  lateral  oolomn  of  coid  ;  R,  con- 
■ilMMi  of  sabstantub  gelatinoea  of  Bolando ;  |>.c., 
rtinaation  of  posterior  ooma  of  grey  matter ;  Z.^., 
deolns  gimcilia. 

le,  and  externally  by  the  olivary  bodies, 
lug  separated  fit)m  these  by  the  groove 
tme  mentioned,  from  which  the  roots 
'  the  hypo^oflsal  nerve  issue.  At  their 
iper  end  they  are  constricted,  and  thus 
far  the  substance  of  the  pons,  through 

ddi  their  fibres  mi^  be  traced  into  the  peduncles  of  the  cerebrum. 
nie  deeusMiion  of  tlis  pyramids  is  the  name  given  to  the  obliquely 
(■BDg  bmidles  of  the  lateral  pyramidal  tract  which  are  seen  in  the 
ierkr  median  fissure  at  the  lower  part  of  the  medulla.  The  extent  to 
Dch  the  decussation  is  visible  varies  considerably  in  different 
fiYiduals ;  for  in  some  the  bundles  take  a  deeper,  in  others  a  more 
peificial  bourse.  Further,  in  some  cases  a  larger  share  than  usual  of 
e  longitudinal  fibres  of  the  pyramids  passes  down  in  the  anterior 
lamimd  tract  and  a  correspondingly  smaller  share  in  the  lateral 
TP»"»'^«1  tract.  And  since  tne  anterior  tract,  which  in  the  pyramid 
external  to  the  lateral  tract,  does  not  cross  in  the  medulla  but  merely 
SKB  obliquely  at  its  lower  end  to  attain  the  side  of  the  anterior  median 
■ore,  the  decussation  in  these  cases  is  of  less  extent.  On  the  other 
md,  in  rare  cases,  the  whole  of  the  fibres  of  the  anterior  pyramid  may 
oes  over  at  the  lower  part  of  the  medulla  and  become  lateral  pyramidal 
set,  in  which  case  the  anterior  or  uncrossed  tract  is  wanting  in  the 


Xftdflllarj  portion  of  Uic  fovrt^L  ^Pfiirhrirlg . — 7k  « 

ThfyjiVh  *A  v.ih  :ij»;';-J-b  '■'•-•4  .•:.::fcu.  r^tj  ti^  c-'mTii'-iAL  "rrr  t  oarr 

i1j«:  til\*:r^t:uf>:  of  ijj«:  f- ::/;•-!-  ;rr</;'i'*  OL  t-iiiJiT  aat  ic  bl  la 
•Ji«;  Uuffsti  \yju:j^nt^  of  trjf:  vt:jtrj';ie  CTiir-.-*:  rc«iiiid  frm.  !■ 

lii';  iJjid'ii':  ]MA';Ji':\i:  of  ih';  <'>^»^r : •'r! J 'JTIi  it  JlhS  ICLfiizieC  Wt  m 

Vr*nn  ilii*  jz/iij:  ji*  upj/.T  jftin  ajaiii  liaiT'.nrB.  cciE^eiEiJ 

'J*ij«;  v'.'ijtri'.J':  i*!  t Jj'T«;fon;  ijT'r:rulia'Jy  loLti^trt-  or  dismauH 

vc'fjirj':!';  |ja*  ih«:  fchaj^;  of  a  wriiju^  j*n,  ajjd  i§  LenxM^d  xtt-s 
tr/ifii/t  (i'r/.  2<;0y.  Ai  ius  wi'k-K:  paPw  the  fourth  Teniricfe  si 
:i  Jihort  tilhViUfjf:  oji  'ritJi^.T  HJo':  li«rtw'jen  ib'r  f*rK-'r.*DTim  ana  a 
*JjirM;  ';'/Jijf;  Jij  *'/iUUtf^,  in  th<;  fonii  of  th<:;  pKjinted  lai^raJ  noi 
laU;nil  l/^/Uji'luricK  of  the-  ve/jtriclc-  in  it*  lower  or  mefdnliaT 
v.lHViii  of  til';  fijfjiculi  \mf:\\i:^.,  the  fiiniciili  cuneaxi.  azi^ 
\fjt\UfH.  The  n^yf  or  i//Kf.'rior  wall  is  formed  hva  sLmpile  1ms 
''pitlif'liijni  fx/venr'l  Ly  tiia  inater;  hut  it  Ls  uot  qiiii«  occmai 
JH  a  JjoJe  in  it  t/rrni';'!  the  foramen  of  Maj^-ndit  a  little  mK 
wjjere  the  rM-ntral  rarial  oj/.rjK  out  into  the  ventricle,  uid  t 
other  afK^rturtti  in  the  epithelial  ro^if  in  the  lateral  nceflKfijni 

Fig.  244.         Fig.  200. — AvTEitioh  WiZjiVKKi  frLoos)  of  rvs  ffoc 

(K.A..S.;.     Natikal 


fll  Ijeiwecn  th<:  uj»|x:r  fait  of  the  rent  ride  and  tbe  li 

if  \  I'"'^  '"^  failttrfiiiH  Ncri|iUiriuH  ;  Z.r.,  lateral  reoeB  ;  £/. 

if/^W^  ti'rior)  fovea;    a.r.,   ala  cinerea ;   C.a.,    aooutic   1 

jf^Jhi^f^  Huiierior  (auterior)  fovea,  clone  to  the  latenl  i 

^''rngS^s^  I*^^  '''  ^''^  vcutricle. 


y9liff  ^  '  '^*'  ^'"'  '*'*^*  **  ^'^^^  IkjIow,  this  layer  of  epitb 

ax    (V]  ^       into  continuity  with  the  epithelium  coTerii 

\  T  /  hut  it  iH  Honiewluib  tliickencd  by  the  addit 

.  I '  ncrvouK  matter  hefore  reaching  the  lateral  b 

the  ilfKir.   ThiH  thickening  is  left  as  a  slightl 

im<l  often  raj(j:<'d  memhrarie  when  the  epitlieliumof  theroofof 

is  torn  oil'  with  the  ])ia  niat<;r.  It  commences  at  the  apex  of  tl 

lUM'onipaiiieH  the  lateral  houndary  for  a  short  distance;  tlien  ti 

Hiirrii<'.e  of  the  rcHtiform  Inidy  and  terminates  close  to  the 

wiienre  the  roots  of  the  va^nm  and  ^loKso-pharyngeal  nerves 

tenne<l  ihe  Upnia  or  litjuht  (lijrH.  i>i;:5,  2()(»,  /),  and  its  upper  tn 

foniiH  the  lower  houndnry  of  the  lateral  recess  of  the  veutric 

thickening  in  tlu;  epithelial  memhrane  is  sometimes  seen  at 

tlie  vcntrirle  rooting  over  the  ]K)int  of  the  calamus  6cript(X 

naniiMl  the  oIh^x, 

Two  longitudinal  vaKculnr  inflexions  of  the  pia  mater,  k 
choroid  plexuses  of  the  4th  ventricle,  project  from  the  n 
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■  m  either  side  of  the  middle  line,  covered  everywhere,  however,  by 
Uelinm  of  the  roof.  OfGsets  from  these  pass  also  into  the  latent 
pi  (fig.  263),  from  the  apices  of  which  they  emerge,  encircled  by 
loaitiire  of  the  ligola,  which  was  termed  by  Boch&lek  the  o^ntti- 
^.  The  epithelial  layer  of  the  roof  of  the  ventricle  follows  all  the 
titions  of  the  choroid  plexuses,  but  is  nowhere  pierced  by  them  ; 
■lendly  described  as  the  epithelium  of  the  plexuses. 

rpsrt  of  the  iSoor  of  the  4th  ventricle  which  belongs  to  the  descrip* 
!  tlie  medulla  oblongata  is  marked  off  superiorly  by  some  transverse 
Bnes,  which  cross  the  grey  matter  of  the  floor,  and  are  known  as 
rim  meduUares  seu  acusHca  (fig.  266,  str).  These  arise  close  to 
idian  line,  and  curve  outwaras  over  the  restiform  bodies  to  join 
nla  of  the  auditory  nerve.  They  sometimes  form  a  tolerably 
feci  bundle,  sometimes  are  more  separate  from  one  another,  and 
louDy  are  not  to  be  made  out  on  the  snr&ce,  probably  in  these 
having  a  deeper  course. 

ii  lower  and  smaller  part  of  the  floor  of  the  ventricle  is  bisected  by 
hfe  median  groove.  A  little  on  either  side  of  this  groove  and  imme- 
^bebw  the  striae  medullares,iB  a  small  triangular  depression  (inferior 
f  fig.  266,  f/.),  the  anei  of  which  extends  only  as  fieur  as  the  striae, 
lie  base  is  prolonged  into  two  grooves  extending  one  from  each 
I  The  inner  of  the  two  grooves  passes  with  a  slightly  curved  course 
p]i  tltt  point  of  the  csdamus  scriptorius,  and  thus  cuts  off  a  pointed 
nhr  area),  which  is  bounded  mesially  by  the  median  sulcus, 
m  base  of  which  is  turned  towards  the  striae  acusticae.  This  area 
1^^  prominent,  and  constitutes  the  lower  end  of  what  will  presently 
Bscnbed  as  the  fiisciculus  teres ;  in  it  is  the  prolongation  of  the 
of  nerve-cells  from  which  the  roots  of  the  hypoglossal  nerve  take 
B.  Hie  groove  which  is  prolonged  from  the  outer  angle  of  the  fovea, 

■  down^i^unds  with  a  slight  outward  obliquity  nearly  to  the  lateral 
dary  of  the  ventricle,  and  marks  off  ext^dly  another  triangular 
Uie  base  of  which  is  also  directed  upwards,  where  it  can  be  traced 
a  prominenoe,  (best  marked  in  children)  over  which  the  striae 
kae  course  (ijc^).  To  this  prominence  Schwalbe  has  given  the  name 
Oiium  aeusiicym,  since  the  main  part  of  the  auditory  nerve  arises  in 
action  with  it  and  with  the  triangular  lateral  area  behind. 

cfai^d  between  the  two  grooves  is  a  third  triangular  area,  the  apex 
hich  is  at  the  inferior  fovea,  while  its  base  looks  downwarda 
!iatwm:ds.  This  area  has  a  distinctly  darker  colour  than  the  rest  of 
CXHT  of  the  ventricle,  and  especiaUy  than  the  funiculi  teretes  on  the 
aide,  which  have  a  whitish  grey  appearance,  and  it  has  accordingly 
named  the  ala  einerea  (ax^.  Towards  the  apex  it  is  somewhat 
ned,  but  below  it  is  elevated  into  a  distinct  prominence  (eminerUia 
a).  It  contains  the  nucleus  of  the  vagus,  and  superiorly,  near  the 
,  of  the  gloflso-pharyngeal  nerve. 


HrrSBHAZi    BCBTJCTUBX    OF   THX   ICEDTJUEiA.  OBIiOHaATA. 

e  internal  structure  of  the  medulla,  like  the  external  form,  win 
it  nnderstood  by  tracing  its  several  parts  upwards  from  the  spinal 
;  and  this  can  be  most  readily  done  by  a  comparison  of  the  ap- 

noes  at  soocessive  transverse  secUona. 

V  2 
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THE   MEDULLl   OBLONGATA- 


The  firat  chaoj^es  are  produced,  both  in  interoal  structure  and  isi 
external  form,  by  the  passat^e  of  the  fibre-bimdles  of  the  latenlfil 
inidal  tract  obliquely  through  tlie  gmy  matter  of  the  anterior  ccnwJ 
across  the  anterior  median  fissure  to  the  pyramid  of  the  opprsaej 
(fig.  265)*  By  this  abmpt  passage  of  a  large  number  of  while  f 
through  it,  the  anterior  coruu  is  broken  up,  and.  one  part,  tbe  ( 
comu  (a)f  18  entirely  8eparatcd  from  the  rest  of  the  grey  matter ; ' 
onJy  the  base  of  the  cornu  remains^  as  a  small  portion  of  greyi 
close  to  the  antero-lateral  aspect  of  the  central  c^nal. 

The  sepiu^ted  portion  of  the  anterior  cornu  becomes  pushed  < 
the  side  by  the  development  of  the  pyramid  and  the  interpolation  b^ 
up  of  the  olivary  body  between  them,  so  that  it  comes  to  lie  cloaetil 
remains  of  the  posterior  cornu  (see  below).     The  plater  pazt  A 
substance  is  broken  up  into  a  farmaim  reticularis  (fig.  267,  /.r\{ 
comparatively  coarse  network  of  grey  matter  containing  uerw 
intersected  by  hmidles  of  white  fibres  ;  but  a  small  part  of  thef 
remains  for  a  time  in  the  lateral  column,  near  the  surface,  and  u\ 
as  tbe  nucleus  of  that  column  {nnckus  !aferaIL%  (fig-  267^  h./*)  ). 

Meanwhile  the  posterior  cornua  become  gradually  shifted 
Bimultaneously  with  an  increase  in  size  of  the  posterior  columns  d  i 


%M. — =1 


Fig.  2fl7.     Sbctioh  or  thi  i 

OBIrfJSfGATA   III  THE  RBOIOV  { 
SUPERIOR   PY  RAMI  DAI,  PI 

(Schwalbe.)     f 

o.TO./»,    anterior    roeduu 
f.fi.t  Bnperficiftl  ardfonn  fthmt 
Liig  from  the  Iissufg  ;  py.*  1 
n,ar,t  imcleus  of  tbe  aruibml 
/.a'.,  deep  areiform  fibret  I 
atiperficiftl ;  o.,  lower  end  i 
nacleua  ;  o*.,  accesnor;  oliTU7  ■ 
nJ.,  nncleis  l&tertdiii ;  /r.,  f 
reticularis  '^f,a.\  amfomi  ^bmf 
ceeding  from  forinfttto  i 
BtilTkBtAtitia    gelatinosa   of 
cr.  K,  ascending  root  of  fillil| 
n.r.,  naclens  cuoeatus ;  fk.c'.*! 
cuneate  nadens  ;  f.c,  fua 
neatna  ;  n.^.^  tiucleua 
fQnicnluB   gracilis;  p.i»/, 
medium   Gssore ;    ce.t   ixsti^l 
Barrotuided  bj  ^rej  matter,  k  1 
are,  n.XL^    nitdeas   cl   tie 
«coeiaoi7,  and,  n,XfI.,  tmdtmiii 
liypogloeeal :  9,d^  superiar  | 
decDBBatioiu 


mednlla,  bo  tliat  in  place  of  forming  an  acete  angle  with  the 
median  fissure,  they  now  lie  ahnost  at  right  angles  to  it  (fig.  i^Sf^ 
Moreover,  the  caput  corau  enlarges  and  comes  close  to  the  oiifirti. 
where  it  presently  forms  a  distinct  projection,  the  funiculus  of  RoUnfe 
which,  a  little  hi<(her  up,  swells  into  the  tubercle  of  Rolando  (^g,  205, R.> 
At  the  same  time  the  cemx  comu  diniiniBhes  in  siz/e  and  like  lit 
anterior  ccirnu  is  eventually  broken  up  by  tire  passage  of  tmnsverse  vA 
longitudinal  bimilles  of  white  fibres  through  it,  into  a  reticular  formatiim, 
which  then  separates  the  caput  corau  posterioris  (fig,  267,  ff.)  irumti^ 
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le  grey  matter,  and  joins  the  reticnlar  formation  derived  from 
ior  oomn.  In  the  tubercle  of  Rolando  the  caput  cornu  is  close 
rfaoe,  and  its  grey  substance  can  readily  be  seen,  but  above  the 
it  lies  deeper,  being  covered  by  a  well-marked  bundle  of 
r  white  fibres  (ascending  root  of  the  5th  nerve  (a.  V.))  and 
iiiqiie  arched  fibres  which  are  passing  over  it  to  form  the  restifomi 

jej  matter  of  the  base  of  the  posterior  cornu  undergoes  a 
ible  increase  as  we  trace  it  upwaros  in  sections.  For  portions 
ofttter  are  soon  found  to  extend  from  it  into  the  funiculi  gracika 
enti,  forming  the  so-called  nuclei  of  those  colunms  (figs.  267, 
^  nx.).    These  nuclei  arc  at  first  narrow  in  transverse  section ; 

Sacnos  of  ths  n- 

•ftOSQATA  AT  ABOUT  TBS 
MP  THB  OLITA&T  BOPT. 

latoior  modiaii  fiaBiue; 
(dens    ftzdfoniuB ;    p., 

XI Im,  bundle  of  hypo- 
WW9  cmei^iig  from  the 
It  6,  it  is  Men  conning 
the  iijnmid  and  the 
dmn,  o.  ;  /^.e.,  exter- 
tM  fibres  ;  «./.,  nudens 
«.,  araibnn  fibres 
Bvanls  rastifonn  body 
oofh  the  mbstantia  gel- 
f.t  partly  snperfidal  to 
dfing  root  ol  the  6th 
^.  ;  X,  bundle  of  Tsgns 
ipag ;  f.r.,  lormatio  re- 
cr.y  eocpos  restiforme, 

to  be  fonnedy  chiefly 
m  fibres,  saperfidnl  snd 
CLy  nodeos  conentns; 
•oi  gndlis  ;  f.,  nttnch- 
M  llfnln ; /.«.  y  fnnicolns 
;  «.X.,  «.X'.,twopnrts 

mm  Bodens ;  n,XJL^  hypoglossal  nucleus  ;  n.<.,  nndeus  of  the  funiculus  teres  : 
ideas  ambignns ;  r.,  raphe  ;  il.,  continuation  of  anterior  column  of  cord  ;  o',tf*, 
sliTBiy  Bndd  i  p*o,  pedunculus  oUts. 

he  central  canal  approaches  the  posterior  surface  of  the  medulla 
)ear  as  ocmiparatiyeiy  thick  masses,  which  produce  extemallj  the 
es  of  the  clava  and  the  cuneate  tubercle.  Outside  the  nucleus 
UDJcolns  cnneatus  (which  is  often  known  as  the  restiform  nucleus) 
aooesBorjr  or  external  nucleus  becomes  formed  (fig.  267,  w.<^.). 
L  the  alit-like  upper  end  of  the  central  canal  opens  out  into  the 
tridey  the  small  remaining  portion  of  the  base  of  the  anterior 
ODiea  to  the  surface  of  the  floor  of  the  ventricle,  and  as  the 

are  traced  forward  increases  gradually  in  size,  producing  the 
e  of  the  funiculus  teres.  In  it,  both  in  the  lower  part  of  the 
where  Uie  canal  is  still  closed  and  above  where  it  has  opened  out, 

of  large  nerve-cells  (nJCII.)  is  seen  in  the  transverse  sections, 
tine  a  longitudinal  vesicular  column.  From  this  column  of  cells 
finve  bundles  of  the  roots  of  the  hypoglossal  or  12th  cranial 
lie  wk^  pass  obliquely  through  the  substance  of  the  mednlla  to 
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leave  it  on  its  anterior  aspect.    The  tract  of  nerve-edb  is  i 
known  as  the  hypoglossal  nucleiu. 

In  the  4th  ventricle  the  hypoglossal  nnclens  lies  a  dm 
from  the  surface.  Nearer  to  the  surface  of  the  floor  and  ne 
the  median  groove  is  a  small  group  of  cells  continuona  witili  t 
in  the  raphe,  presently  to  be  described,  and  known  Bometii 
nucleus  of  the  ftmiculus  teres  (fig.  268,  n,t.). 

At  the  base  of  the  posterior  comu  in  the  lower  part  of  tihe  n 
near  the  central  can^,  a  group  of  cells  (fig  2G7,  n.  XI.)  is  see 
which  seems  to  correspond  with  the  hypoglossal  group  in  the 
anterior  comu.  This,  if  traced  upwards,  is  found  to  be  pushed 
as  the  central  canal  opens,  so  that  in  the  floor  of  the  ventridc 
side  the  hypoglossal  nucleus  (fig.  208,  n.X.).  The  group  or 
cells  in  question  corresponds  to  the  prominence  of  the  am  cu 
appears  on  the  sur&ce,  and  it  extends  fonsards  as  &r  as  the 
terior.  From  it  there  arise  successively  bundles  of  fibres  of 
the  spinal  accessory,  vagus  and  glosso-pharyngeal  nerves  (lit 
9th  cranial  nerves)  :  those  of  the  upper  roots  of  the  spinal  aooc 
lower  part  of  the  medulla  where  the  canal  is  still  closea ;  those  ( 
beginning  at  the  commencement  of  the  ventricle,  and  arisinj 
length  of  the  eminentia  cinerea ;  and  those  of  the  glosso-phaiysj 
for  the  most  part  from  the  upper  part  of  the  ak  cinerea,  an< 
posterior  fovea.  The  column  of  cells  in  question  forms  then  i 
the  nucleus  of  the  spinal  accessory,  pnenmogMitrio  m 
pharyngeal  nerves. 

Fig.  269. 
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Fig.  269.    Trahsverse  section  of  the   upper   part  of   thi  mEDVUi 

(Schwalbc.)    t 

py-t  pyramid  ;  o.,  olivary  nucleus  ;  V.a.t  ascending  root  of  the  fifth  w 
inferior  (iKwterior)  root  of  the  auditory  nerve,  formed  of  two  parts,  a.  ai 
enclose  the  restiform  body,  c.r.  ;  n.  Vlll.p.f  ])nncipal  nucleus  of  the  MM 
n.  Vlll.ac,  accessory  nucleus  ;  g.^  ganglion  cells  in  the  root ;  n.f.t,^  ni 
funiculus  teres  ;  n,XIJ,,  nucleus  of  the  hypoglossal ;  r,,  raphe. 
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I  ihe  npper  part  of  the  medoQa  another  tract  of  cells  becomes 

[  oatside  the  line  of  the  accessory,  vagus,  and  glosso-pharyngeal 

This  tract  corresponds  to  the  lateral  triangnlar  area  which  is  seen 

surface  ontside  the  ala  cinerea,  and  which  passes  into  the  taber- 

1  acosticam  of  Schwalbe.    From  it  most  of  the  fibres  of  the  8th  or 

nerve  take  origin,  and  it  is  accordingly  named  the  principal 

nucleiui. 

nerve-cells  in  the  hypoglossal  nncleus  are  larger  than  those  in 

accessory,  vagal  and  glossopharyngeal  nuclei.    Those  in  the 

i  of  the  funicolns  gracilis  are  also  of  considerable  size. 

of  the  Olivary  Body. — Besides  those  collections  of  grey 
which  are  traceable  from  the  grey  matter  of  the  spinal  cord, 
occnr  in  certain  parts  of  the  medulla  oblongata,  which  are 
iiepresented  in  the  cord.    Of  these  the  most  important  is  the  nucleus 
olivary  hody,  which  has  been  termed,  from  its  appearance  in 
the  corpus  dentatum  of  the  olive  (fig.  268,  o).    It  is  enclosed 
oUvaiT  prominence,  and  is  therefore  situated  in  the  lateral  area 
|tte  mednlla,  but  the  grey  matter  is  not  visible  from  the  surface, 
covei*ed  by  both  longitudinal  and  transverse  white  fibres.    It 
I  the  form  of  a  thin  wavy  lamina,  which  is  curved  round  at  its 
1 80  as  to  form  an  ovoid  scalloped  capsule.    The  open  part  or  hilus 
'  \  looks  towards  the  middle  line  and  receives  a  considerable  tract 
|lrtiite  fibres,  which  emanate  from  the  anterior  area  immediately  behind 
>  pyramid,  and  pass  into  the  hilus  along  its  whole  extent,  forming 
\  so-called  olivary  peduncle  {p.o,).    Under  the  microscope  the  nucleus 
as  a  wavy  band  of  neuroglia,  with  small  multipolar  nerve- 
embedded  in  it.     The  fibres  of  the  olivary  peduncle  diverge 
^i«  they  pass  to  the  grey  lamina.    They  partly  terminate  in  the  axis- 
^s^inder  processes  of  its  cells,  and  partly  pass  in  small  bundles  through 
%Ke  lamina^  those  which  are  more  posterior  turning  backwards  and 
^^^i^Hffsing  obliquely  (as  internal  arcuate  fibres)  through  the  posterior  part 
^^f  the  lateral  area  to  join  the  restiform  body,  whilst  the  others  have  a 
^^Jore  direct  course  through  the  grey  lamina  and  run  between  the  longi- 
^idinal  fibres  which  cover  the  olive.    On  reaching  the  surfece  they  bend 
^HMmd  and  are  continued  as  part  of  the  layer  of  external  arcuate  fibres, 
^ome  may  not  reach  the  surface,  but  turn  upwards  and  reinforce  the 
^ODgitudinal  fibres  just  mentioned. 

Besides  the  main  olivary  nncleus  two  smaller  isolated  bands  are  generally  seen 
^figSL  267,  268,  o\  0»  looking  like  separated  portions  of  the  chief  nnclens.  They 
^le  sitQi^ed  one  on  the  dorsal,  and  the  other  on  the  mesial  aspect  of  the  chief 
^odeiis,  and  are  known  as  the  enter  and  inner  accessory  olivary  nuclei.  They 
«re  trayened  like  the  main  nncleus  by  bundles  of  internal  arcuate  fibres  going  to 
the  restiform  body,  and  are  frequently  connected  at  one  or  two  places  to  tlie  main 
?iWTlfT?m  The  inner  acoeasory  nuclei  are  sometimes  termed  the  pyramidal  nuclei, 
for  th^  lie  immediately  behind  the  pyramid.  The  root-bundles  of  the  hypoglossal 
nerres  generally  pass  between  them  and  the  chief  olivary  nucleus  after  traversing 
the  oliTaiy  pecbmde,  bnt  sometimes  the  nerve  pierces  the  chief  nncleus  near  its 
ledge. 


Other  small  collections  of  grey  matter  and  nerve-cells  are  scattered  in 
certain  parts  of  the  formatio  reticularis,  as  well  as  one  or  two  distinct 
tracts  in  connection  with  the  external  arcuate  fibres,  and  a  considerable 
amount  in  the  no^an  septum  or  raphe.  These  three  structures  may 
thefefore  next  be  desoibed. 
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The  fonuatio  reticnloriB  (figs.  267,  268, /.n)  occupies  tliel 

the  anterior  and  latem!  arraa  of  the  mednlhi,  dorsal  to  tne  ] 
olivcB  respect! vcl)^     It  is  thus  named  on  account  of  the  ap 
it  presents  in  a  transverse  section  viewed  under  a  moderate 
power  (fig.  270),    This  reticular  appearance  is  caused  hy  the  i) 
tion  of  buntlles  of  fibres  belonging  to  two  sets  which  run  at  li^d 


fig.  370.— PJLAT  or  T&B  KSTtCTTLlA  FOftMATIOH  OF  THS  KSHULLA  OBLOKaJLTA  (BlM' 

r.a.f  reticiol&ris  aJ^a  ;  r,^.,  rcticalaiis  grisoa;  between  them  ft  root-bundle  «f  1^ 
hypogloauB  {Xfl).  The  longitaillnal  fibres  of  the  reticular  formation  ar«  cut  »am\ 
the  tmurerMlj  caursing  fibres  ans  in^enuil  arcuato  Jibrcs,  poaaing  on  the  ri^t 
iicnxre  towardfl  the  raphe. 


to  one  another.  Those  of  the  one  set  are  longitudinal,  and  these 
intersected  by  transverse  fibres,  which  pass  obliquely  from  the 
outwards  and  somewhat  backwards  with  a  curved  course  towmrds  dd 
funiculus  gni<;ilis  and  funiculus  cuneatus,  and  the  olivary  nudeos  ;  *fl"| 
ixho  in  the  upper  part  of  the  niednll*^  towards  the  restiform  body. 

Jn  some  pu^ts  grey  matter  with  nerve-cells  enters  into  the  oanstitDtio^ 
of  the  formatio  reticularis.  The  cells  are  especially  large  and  numenMifl 
in  tlie  reticular  formation  of  the  latei*al  area  near  the  remaiuB  of  thd 
anterior  comu;  and  its  grey  matter  m  presumably  derived  in 
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firom  the  latter.    In  the  anterior  or  mesial  area  of  the  mednlla, 
are  absent  from  the  formatio  reticularis,  and  this  is  therefore 
distinguished  as  the  formaiio  reticularis  alba  (fig.  270,  r.a.), 
other  OT  formatio  reticularis  grisea  (r.ff.). 


plonfl^tiidinal  fibres  of  the  reticular  formation  of  the  anterior  area  (with 
nption  of  those  which  oocnpj  the  tract  nearest  to  the  pyramids),  are  pio- 
froxn  the  remainder  of  the  anterior  column  of  the  spinal  cord  after  the 
^  of  the  anterior  (direct)  pyramidal  tract  into  the  outer  side  of  the  pyramid, 
i  nearest  the  pyramids  are  derived  from  arched  fibres  which  issue  from  the 
A  of  the  funiculi  gradlee  and  from  the  oliyes,  and  turn  longitudinally 
vds  in  this  part  Those  of  the  reticular  formation  of  the  lateral  area  aro 
Aged  from  the  remains  of  the  lateral  column  after  the  lateral  pyramidal 
•  and  the  lateral  cerebellar  tract  have  passed  to  their  respectiye  destinatLona. 
f  are  added  to  as  we  trace  them  upwards  in  sections,  the  increase  being  due 
m  to  the  turning  upwards  of  some  of  the  inner  curved  fibres,  or  to  the 
Hibii  of  fibres  which  are  derived  from  nerve-cells  in  the  grey  matter  near  the  . 
MBior  aiirface,  or  in  the  grey  reticular  formation. 

gvofding  to  Deiters,  the  axis-cylinder  processes  of  the  nerve-cells  of  the 
war  formation  all  paae  downwards,  while  their  branched  processes  are  directed 

^ODtiOlj. 

Die  areifonii  or  aseuate  filires  of  the  medulla,  which  have  been 
■e  than  onoe  allnded  to,  are  the  curved  fibres  which  are  seen  in  trans- 
kie  sections  coursinK  in  the  plane  of  the  section.  Fi'om  their  position 
ir  are  distinguished  into  external  and  internal,  or  superficial  and  deep. 
The  sigMrficial  arcuate  fibres  (f.a.e.  in  fig.  268)  emerge  for  the  most 
It  from  ine  ant^or  median  fissure,  and  passing  over  the  pyramids 
d  diveSy  many  of  them  go  to  the  restiform  body.  They  are  aidded  to 
deep  fibres  which  come  to  the  surface  partly  in  the  groove  between 
)  pjrmmids  and  olives,  partlv  after  passing  through  the  olives,  as 
Inre  mentioned.  Traced  back  in  the  anterior  median  fissure  they  are 
n  to  enter  the  raphe,  and  to  cross  over  in  it ;  after  which  it  is  sup- 
led  that  tiiey  may  become  longitudinal,  but  their  further  course  is  not 
tain^  known. 

Hie  detp  arcuate  fibres  emerge  fi*om  the  raphe,  and  traverse  the 
ckiiess  of  the  medulla,  tending  towards  the  olives,  the  restiform  body, 
I  the  nuclei  of  the  cuneate  and  slender  funiculi.  As  we  have  just 
0,  those  which  pass  through  and  in  firont  of  the  ohves  are  in  continuity 
h  the  superficifd  arcuate  fibres. 

raced  backwards  into  the  raphe,  the  deep  arcoate  fibres  appear  to  oroea 
qiidiy  to  the  other  aide  of  the  medulla,  where  in  all  probability  they  mostly 
jme  longitodinal,  joining  the  fibres  of  the  formatio  reticularis  alba.  Others 
weid  to  torn  upwards  and  become  longitudinal  before  reaching  the  raphe. 
I  oellB  of  the  formatio  reticularis  grisea  are  probably  connected  with  some  of 
deep  azcnate  fibre& 

rodai  of  the  anperflclal  aronate  fibres.— Amongst  the  superficial  arcuate 
M,  or  between  them  and  the  subjacent  columns  of  the  medulla,  small  od- 
loBS  of  grey  matter  with  nenre-oells  are  here  and  there  met  with,  which  are 
faigiiiahed  by  the  above  name.  The  principal  group  of  cells  lies  superficial  to 
pyramid  on  either  side  (figs.  267,  268,  umt,).  The  nerve-cells  of  these  nuclei 
ooDXiected  partly  with  the  ardform  fibres,  partly  with  the  fibres  of  the  adja- 
bpyiamid. 

rbe  TBjfhm  or  septum  (fig.  268,  r)  is  composed  of  fibres  which  run 
part  dorso-ventraUy  (fibr»  rectSB),  in  part  longitudinally,  and  in  part 
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acroBS  the  scptam  more  or  less  obliij[ael7.  Intermixed  i 

fibres  are  a  number  of  nerve-cells  in  grey  matter.    The! 

continuons  anteriorly  with  the  superficial  arched  fibres,  wludk J 

the  anterior  median  fissure ;  posteriorly  with  fibres  fam  Ail 

graciles  in  tlie  lower  part,  and  firom  the  nuclei  of  the  fnmcB&i 

the  upper  i)art  of  the  medulla.   The  longitudinal  are  chieflyflaM    ^x>:  f' 

have  passed  into  the  raphe  as  fibrae  rectaa  or  as  sapermU^ 

arcuate  fibres,  and  in  it  have  altered  their  direction  and  bei 

tudinal.    The  obliquely  crossing  fibres  are  the  deep  arched  L 

enter  or  emerge  from  the  raphe.    Others,  however,  near  the  i 

of  the  raphe  seem  to  come  ^om  the  nuclei  of  the  nerve-rooti)  i 

may  pass  more  directly  across  as  commissural  fibres  either  into  ( 

matio  reticularis  or  into  the  pyramid  of  the  other  side,  in  either  l^_^ 

coming  longitudinal.    The  nerve-cells  of  the  raphe  are  multipo^f^*^!^ 

those  in  the  middle  being  chiefly  spindle-shaped.     The  latter  I 

nected  with  fibrae  rectae  (Clarke),  whilst  the  more  laterally  situ 

at  least  those  near  the  anterior  median  fissure,  are  connected  i 

of  the  superficial  arcuate  fibres. 

Course  of  nerve-fibres  from  the  spinal  oord  upwiud  1 
the  mednlla  oblongata. — Assuming  for  convenience  of  T 
existence  of  three  white  columns  of  the  spinal  cord  on  each'i 
various  parts  of  these  are  continued  upwards  as  follows  : — 

The  posterior  column  forms  in  the    medulla  oblongata  __ 

substance  of  the  three  posterior  funiculi ;  viz.  the  f.  gracilis,  f.  c*Bt:5: 
and  f.  Kolandi.    The  longitudinal  fibres  of  the  first  two  apn 
in  the  grey  matter  which  forms  their  nuclei ;  and  numerous  aeep 
fibres  enter  or  emerge  from  the  same  collections  of  grey  matter. 

The  cnneate  funiculus,  has  been  commonly  described  as  paseing  up  \ 
restlform  body,  but  it  seems  doubtful  if  any  of  its  fibres  do  actuaUy  taksi 
the  constitution  of  that  body,  although  from  the  surface  the  funicoliu  inq 
and  the  rcstiform  body  appear  to  be  in  continuity  with  one  another. 

A  large  part  of  the   lateral  column  of  the  cord,  viz.,  the  i 
pyramidal  tract  (fig.  264,  x  ),  passes  into  the  opposite  pyramid  i 
medulla  and  ascends  in  this  and  in  the  ventral  half  of  the  pons  b 
the  peduncle  of  the  cerebrum.    Together  with  the  small  pait  < 
anterior  column  of  the  cord  which  also  enters  into  the  constitutiflii 
the  pyramid,  it  forms  the  pyramidal  tract  of  tM  encephalic 
Flechsi^  (peduncular  tract  of  Meynert).    Some  of  the  fibres  of  1 
pyramid,  however,  emerge  as  external  arcuate  fibres,  and  joiiiiDg  I 
lestiform  body  p:iss  to  the  cerebellum.    A  smaller  part  of  the  li ' 
column  of  the  cord,  the  direct  lateral  cerebellar  tract  (fig.  264,  r),  i 
at  about  the  middle  of  the  medulla  obliquely  backwards  to  ](» 
restiform  body. 

The  rest  of  the  lateral  column  dips  under  the  olives  and  fonni  A^ 
longitudinal  fibres  of  the  reticularis  ^isca.  These  are  amtimi 
through  the  dorsal  parts  of  the  encephalic  isthmus  towards  the  coipoB 
quadrigemina  and  optic  thalamus. 

The  anterior  column  of  the  cord  (fig.  264,  a)  in  part  is  continued  i]A» 
the  pyramid  of  the  same  side,  but  chiefly  dips  under  the  pyramid  ttd 
fonus  the  longitudinal  fibres  of  the  reticularis  alba  in  the  dorsal  part  of 
the  mesial  arcu.  These  pass  upwards  towards  the  cerebrum.  In  the  pons 
Varolii  one  tract  of  them  becomes  collected  into  a  well  marked  fascicolo!' 


THE   PONS  YABOUI.  299 

longitudinal  bundle),  and  most  of  the  others  fonn  another 
of  the  fillet)  which  terminates  in  the  region  of  the  corpora 

[ia ;  the  further  destination  of  these  will  be  afterwards  noticed. 
ion  of  the  meduUa,  they  are  indistinguishable  from  one  another 
*    but  in  the  foetus  they  are  found  to  develope  at  different 

.  are  then  readily  differentiated  (Flechsig). 

i  bundle  of  fibres  of  the  anterior  column  of  the  cord  was  described  by 
ag  obliquely  upwards  below  the  olive,  to  join  the  restiform  body, 
fc  always  presenti 


i  THE    GEILBBEUjUM    AI0>    PONS. 

|art  of  the  encephalon  which  lies  next  above  the  medulla  oblongata 
m  the  upper  part  of  the  fourth  ventricle.  Unlike  what  is  found 
bwer  part  of  the  ventricle,  where  the  dorsal  wall  or  roof  is  formed 
by  a  prolongation  of  the  epithelium  which  lines  the  floor  and 
1  this  upper  part  of  the  ventricle  the  roof  has  become  developed 

Xand  complicated  organ  termed  the  cerebellum,  which  consists 
central  part,  and  two  large  lateral  hemispheres.  These  are 
■roond  the  ventral  or  anterior  aspect  of  the  cavity  by  a  strongly 

bundle  of  fibres  which  issues  on  either  side  from  the  hemisphere 
o-called  middle  peduncle,  and  encircles  and  partly  blends  with 
practically  a  continuation  upwards  of  the  medulla  oblongata,  the 
onning  a  well-marked  projection  and  thickening  of  the  ventral 
the  fourth  ventricle,  known  as  the  pans  Varolii.  Two  other  pairs 
notes  issue  from  the  lateral  hemispheres  of  the  cerebellum,  the 

one  passing  downwards  to  the  medulla,  as  the  restiform  body, 
ler  or  superior  pair  of  peduncles  being  directed  upwards  and 
''m  towards  the  cerebrum. 

THB    PONS    VABOIiH. 

Varolii  or  iuher  annulare  forms  a  prominence  marked  by 
i  fibres  above  and  in  front  of  the  medulla  oblongata,  and  between 
sral  hemispheres  of  the  cerebellum  {^g.  271).  Its  ventral  sur&ce 
per  and  lower  margins  are  arched,  the  superior  much  more  so  than 
erior  ;  and  at  the  sides  its  transverse  fibres  are  gathered  together 
compact  mass,  which  passes  into  the  cerebellum,  and  is  named  tiie 
erus  or  peduncle  of  the  cerebellum.  Along  the  middle  of  its  ventral 
I  the  pons  has  a  shallow  groove  along  which  the  basilar  artery 
ind  it  is  perforated  by  small  branches  of  the  artery.  The  groove 
Hue  measure  due  to  the  circumstance  that  the  pyramids  of  the 
a  in  bein^  continued  up  through  the  pons  with  a  slightly  diver- 
omae  prepuce  a  prominence  on  cither  side  of  the  middle  line, 
1  however  by  the  superficial  transverse  fibres. 
pons  consists  ventrally  of  transverse  or  commissural  fibres,  between 
die  longitudinal  fibres  prolonged  upwards  from  the  medulla  ob- 
I  pass ;  together  with  a  large  intermixture  of  grey  matter.  The 
dal  fibres  on  the  ventral  surface  (fig.  272,  po^)  are  transverse  in 
[eneral  direction,  but  while  the  middle  fibres  pass  directly  across, 
wer  Bet  ascend  sUghtlv,  and  the  superior  fibres  (fig.  271,  t ),  which 
t  most  curved,  descend  obliquely  to  reach  the  eras  cerebeUi  on  each 
of  the  upper  fibres  cross  obliquely  the  middle  and  lower 
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ones,  60  as  to  conceal  them  at  the  sides.  When  the 
verse  fibres  are  removed,  tlie  prolonged  fibres  of  the  antenor| 
come  into  view  ;  these,  as  thej  ascend  through  the  {Mm,  se  i 
into  smaller  bundles  (figs.  272, 273,  274,  |;y),  intersected  by  c' 
verse  white  fibres,  which,  with  those  upon  the  surface,  are  \' 
into  the  middle  peduncle  of  the  cerebellum. 


Kg.  27L 


Fig.  271.— View   of   thb 
OF  THK  POKS  Varolii  axd  Mnmiil 

QATA,    WITH    A    SMALL    PART   Off  ID  ^ 
CORD  ATTACHBD 

o,  a,  pyramids ;    0,   their  deciuMtioi;| 
olives  ;  dy  d,  restiform  bodies ;  f,  < 
form  fibres,  curving  round  tlie  1 
olive ;  /,  fibres  described  bj  Sdly  u  i 
the  anterior  colamn  of  the  oord  to  di| 
bellam  ;  g,  anterior  column  of  the  i^ 
A,  lateral  colamn  ;  p,  pons  Varolii ;  i,  k^ 
fibres ;  v,  v,  roots  of  the  fifth  pair  of  i 


At  the  lower  part  of  the  poni^t 
the  fibres  from  the  anterior 
is  a  special  set  of  transvene  i 
264,/',  fig.  272,  0,  named  Qmi 
zium — so  called  because  in  nMMt  < 
lower  animals,  in  which  the  wm 
trally  situated  fibres  of  the  pooBf 
developed  and  the  pyramioB  are  i 
these  transverse  fibres  partially  i 
on  the  surface  between  tlic  pyramid-bundles  in  an  area  of  a  son 
four-sided  sliape.     Laterally  they  curve  round  a  collection  of  grey  i 
behind  them,  called  the  supenor  olivary  nucleus  (fig.  272,  oX^ 
probably  many  of  them  are  connected  with  ite  cells.    They  then  < 
outwards,  across  the  bundles  of  the  facial  nerve-roots  {VII),  and  in 
of  the  upward  prolongation  of  the  substantia  gelatinosa  of  the  ( 
of  Rolando  and  the  bundles  of  fibres  belon^ng  to  the  ascendinj 
the  fifth  nerve  (a.F),  to  join  the  middle  peduncle  of  the  ceiebeU 
Between  the  bundles  of  fibres  of  this  ventral  portion  of  the  v 
matter  with  small  multipolar  nerve-cells  is  everywhere  found  (ntic& 
It  is  probable  that  many  of  the  transverse  fibres  are  connected  n 
cells,  and  it  may  be  that  a  cell  is  connected  at  one  part  with  a  I 
or  commissural  fibre,  and  at  another  sends  a  process  to  reinfifQetti| 
longitudinal  fibres  of  the  pyramidal  tract  ascending  through  the  i 
but  the  same  fibres  do  not  appear  to  turn  upwards,  for  the  txanm*  1 
fibres  are  smaller  than  the  longitudinal.    The  interspenaod  grey  miilt  , 
seems  to  correspond  to  that  which  is  found  between  the  aicnate  fifan' 
the  medulla. 

The  posterior  or  dorsal  portion  of  the  pons  is  chiefly  constitntedlif  • 
continuation  upwards  of  the  fomiatio  reticularis  and  of  the  grey  mattor' 
the  medulla  oblongata.  As  in  the  latter,  there  exists  here  also  a  medis 
»?ptum  or  raphe,  which  Ls  similar  in  structure  to  that  of  the  naedfllk 
It  does  not  extend  through  the  ventral  half,  being  obliterated,  or  nei^f 
so,  by  the  great  development  of  the  transvei-sc  or  commissnnd  filW 
except  near  the  upiKjr  and  lower  borders  where  the  superficial  tnomm 
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Nhe  pons  turn  in  at  the  middle  line ;  and  especiallj  at  the  npper 
mse  bundles  of  the  same  fibres  encircle  the  crura  cerebri  as  they 
jirai  the  pons. 

I  leticnlar  formation,  in  addition  to  the  scattered  and  reticnlarly 
I  grey  matter  with  nerve-cells  everywhere  met  with,  there  are 


Fig.  272. 


— ^taOTZOV 


THB  POirS  AT  ABOUT  THI  KIDDLI  OF  THI  FOURTH  TSNTRIOLB 


(after  StiUing  and  Schwalbe).     f 


nmid-lnmdles  oontinaed  up  from  the  mednlla  ;  po^  transTeTse  fibres  of  the  pons 
ma  the  middle  cms  of  the  cerebellum,  before  (pc^)  and  behind  (poO  ^^  chief 
bmdlei ;  t,  deeper  fibres  of  the  same  set,  constituting  the  trapezium  ;  the  grey 
ifcvMB  the  transTerse  fibres  is  not  represented  either  in  this  or  in  the  following 
fp  npbe;  o.«.,  superior  olivaiy  nucleus  ;  a.  V,  bundles  of  the  ascending  root  of 
MTFe,  enclosed  by  a  prolongation  of  the  grey  substance  of  Rolando ;  F/,  the  sixth 
mVI,  its  nucleus ;  V//,  the  facial  nerve  ;  Vila,  intermediate  portion  of  the 
Ft;  n,  FIT,  its  nudeus ;  VIII,  superior  root  of  the  auditory  nerre;  n.  FT/7» 
■  ovter  or  niperior  nucleus ;  v,  section  of  a  yein. 


;wo  more  important  collections  which  lie  embedded  in  this  form- 
id  from  which  nerve-fibres  arise.  One  of  these  is  the  saperior 
nnclens,  another  is  the  nucleus  of  the  seventh  or  facial  nerve^ 
en  give  origin  to  portions  of  the  fifth  nerve. 
nq^nior  oUvary  nucleus  (fig.  272,  o.s,)  is  a  collection  of  small 
dhy  which  lies  behind  the  outer  part  of  tl>e  trapezium,  in  what 
lonenxmd  (as  indicated  by  the  passage  outwards  of  the  roots  of 
h  ana  seventh  nerves)  to  a  prolongation  of  the  lateral  area  of  the 
».  In  man  it  is  very  much  smaller  than  the  inferior  olivary 
,  to  which  it  does  not  present  much  resemblance.  In  some 
>  however,  it  is  larger,  and  has  a  distinctly  sinuous  outline. 
^  m  above  mentioned,  some  of  the  fibres  of  the  trapezium  arise. 
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The  iLiacleixs  of  the  facial  nerv®  (/^  T//)  lies  in  the  i 
tion  just  dorsal  to  tlie  .siijx^rior  olivarv  Jiiiclens,  aiul  at  srm 
fore,  below  the  floor  of  the  fourth  ventricle.  It  begins 
sections  innnediutely  above  the  medulla  oblongata,  and 
or  four  niiilimetirs  upwards. 

The  motor  nnclBns  of  the  fifUr  nerve  (Lockliart  C 
nV)  comes  to  ^lew  above  that  of  the  facial^  but  it  is  less 
Ijing^  a  little  below  the  lateral  angle  of  the  foin-th  \xjnt 
imd  that  of  the  facial  contaio  large  nerve-cells. 


¥\g,  27a. 


--Obu| 


BROTtOir   OP  Tm 

uiric  or  1CXI9  t& 

FIFTH    NK&YX   (8 

Tlie  &ectio(n  pa 
lower  port  of  tlu 
(n'V)  from  wbtdi  a 
of  the  motor  roof 
a  part  of  the  uppe 
(mF)  ij  tlao  shov 
in  the  form  of  a 
isolated 
Amongii 
the  nsoend!  _ 
most  of  these 
diverted  outirj 
in  forming  the 
mfun  or  Bensoty  roo 
fibrtif  near  the  fouri 
como  jjartly  from  1 
fiiom  a  smal]  longit 
fibrcfl  {I)  near  tiM 
(TO.fO,  and 
the  n>oi  of  the  fii 
fonnatio  reticularia 
sabatiintia  femigijQ< 


The  Bpper  sensor j  nucleus  of  the  Effch  nenre  (/; 

outer  side  of  the  motor  root.  The  cells  are  small  and  an*an|! 
fieparated  by  the  fasciculi  of  origin  of  the  nerve-root, 
extends  somewhat  farther,  both  above  and  below,  tha 
nucleus. 

The  rest  of  the  ^j  matter  of  the  pons  lies  near  the  c 
and  appears  iu  the  floor  of  the  upper  part  of  tiie  fou 
Besides  scattered  nerve -eel  Is,  others  are  c<:»lle€t'ed  at  oerfca 
definite  groups  or  nuclei  from  which  some  of  the  remi 
nerres  tdce  origin.  Like  the  Bimilarlj  placed  nuclei  in 
oblongata,  these  also  do  not  be  close  to  the  epithelium 
tliu  surface,  but  are  separated  from  it  bj  a  layer  of  gelatin 
(neuro^ia)  free  from  uervo-ct^lls,  termed  the  fjmidtpna  of  t 

The  inner  r»r  principal  nmclens  of  the  auditory  nm 
n.VIIIjh),  which  lies  under  the  tnbereulmn  acusticum, 
upwards  underneath  the  stri*^  acusticas  into  the  pons. 
at  about  the  junction  of  the  medulla  and  pons,  where  it  e 
to  the  middle  line ;  further  up  it  rapidly  narrows  and  l>e 
towards  the  lateral  boundary  of  the  ventricle  as  the  n 
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makes  its  appearance  between  it  and  the  median  snlcns. 
are  small,  and  it  is  mnch  broken  np  by  the  passage  through  it 
Iftensrerse  nerve-fibres. 

>  or  flmperior  nueleiui  of  tlie  auditory  nerve  (nnclcns  of 
Laura)  (fig.  272,  n.VIII),  is  characterized  by  the  large  size  of 
and  lies  inmiediately  on  the  outer  side  of  the  main  nucleus.  It 
b^in  to  be  risible  so  &r  down  as  this,  but  is  continued  as  &r 
rather  increasing  in  size  Buperiorly,  whereas  the  main  nucleus 


Fig.  274. 


274b — Teavsteksb  sicnov  tbbouoh  ths  uppkr  part  or  thk  potts  (SchwrnHM^ 
after  Stining).     Bather  more  than  twice  the  nataial  sise.* 


i  fibres  of  the  poas ;  py,  py,  bnndlee  of  the  pyramids ;  a,  boundary  line 
set  the  tegmental  part  of  the  pons  and  its  yentral  part ;  l\  oblique  fibres  of  the 
panng  towards  /,  P,  longitadinal  fibres  of  the  fillet  ;/.r.,  formatio  reticnlaris; 
poiterior  longitudinal  bundle ;  t.e.p.,  superior  cerebellar  peduncle  ;  r.m.,  superior 
Buy  Telnm  ;  ^  grey  matter  of  the  lingula ;  r.  4,  fourth  rentricle ;  in  the  grey  matter 
I  haands  it  latendly  are  seoi,  VjtL,  the  descending  root  of  the  fifth  nenre,  with  its 
m ;  ay.,  substantia  fermginea ;  g.e.,  group  of  cells  continuous  with  the  nudeos  of 


It  is  much  broken  up  by  longitudinal  fibres.    The  con- 
ion  of  this  nucleus  with  the  auoitory  nerve  is  called  in  question  by 

le  wyccmwmoKj  nvcleiui  of  ilia  auditory  nerve  is  represented  in  tiie 
rpart  of  the  medulla  by  a  collection  of  nerve-cells  lymg  in  the  angle 
een  the  restiform  body  and  the  two  portions  of  the  posterior  root  of 


Tht  details  of  this  and  of  sereial  of  the  preceding  figures  are  filled  in  under  a  i 
U^MT  ■Mgni^ring  power  than  that  used  for  tiaeing  the  ovtlines. 
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the  nerve  (fig.  269,  n,VIIlMc).  But  the  chief  part  of  iih 
placed  higher  np  in  the  region  of  the  pons  on  the  outer 
anterior  root.  It  is  remarkable  for  the  &ct  that  its  odl 
small  and  rounded  but  multipolar,  are  enclosed  like  those  < 
ganglia  each  in  a  nucleated  capsule. 

'Hie  nuolens  of  the  sixth  nerve  (common  nucleus  ofl 
seventh  of  some  authors)  consists  of  a  tract  or  colmnn  of 

?olar  cells  lying  on  either  side  of  the  median  snlcna  (fig, 
t  corresponds  to  the  part  of  the  fasciculus  teres  which  u* 
the  striffi  acusticae  on  the  floor  of  the  fourth  ventricle.  I 
relation  to  the  root  of  the  facial ;  which  runs  along  its  mesiAl 
curves  round  it  eventuallj,  and  appears  to  receive  some  fi 
but  it  is  somewhat  doubtful  if  this  is  really  the  case  (Gk)wei 
are  smaller  than  those  of  the  facial  nucleus. 

Upper  portion  of  the  fourth  ventricle. — ^The  floor 
boundary  of  the  upper  portion  of  the  fourth  ventricle,  close 
above  nuclei  are  for  the  most  part  situated,  is  marked  in  t 
each  lateral  half  by  a  distinct  somewhat  angular  depression  i 

Fig.  275.  Fig.  275.— Ahtibiob  boovdart  (floob)  or  ths  ipo 

(B.A.8.).    BATUBAL  nss. 

in.*.,  median  snlcus ;  j<r.,  siriie  tcosticny  bhu 
between  the  upper  part  of  the  ventricle  and  tha  km 
part,  calamna  scriptorina ;  Lr.,  lateral  reoeM ;  i/., 
terior)  foTea ;  <i,e.^  ala  cinerea ;  (.a.,  aooualie 
superior  (anterior)  fovea,  close  to  the  lateral  maigiii 
part  of  the  ventrtcle. 

^^  the  inferior  fovea,  from  which  it  is  separatee 
nence  over  which  the  strise  acusticsd  paas.  ' 
sion  is  termed  the  superior  fovea  («/;•  Bet 
the  median  sulcus  is  uie  prolongation  of  the 
eminentia  teres,  which  is  prominent  opposi 
but  becomes  gradually  less  so  above  and  below.  Extending  fr 
rior  fovea  to  the  upper  end  of  the  ventricle,  where  this  na 
Sylvian  aqueduct,  is  a  shallow  depression  distinguished  in  t 
its  dark  grey  or  slaty  tint,  which  is  due  to  a  subjacent  t 
mented  nerve-cells  (mhstantia  ferruginea).  It  is  known  i 
ccaruleus. 

The  lateral  boundaries  of  this  part  of  the  ventricle  are  fo 
superior  peduncles  of  the  cerebellum  (fig.  274,  sx.p.^  fig.  282 
pass  graduallv  to  the  roof  of  the  ventricle  as  they  extend  f 
upwards.  They  are  at  first  separated  from  one  another  bj 
wide  interval  which,  however,  gradually  narrows  near  the 
ventricle,  the  two  crura  of  opposite  sides  there  approaching 
and  their  margins  coming  in  contact.  The  triangular  intei 
the  two  crura  is  bridged  over  by  a  lamina  of  white  ma 
across  with  grey  streaks.  This  is  the  superior  (anterior 
velum  or  valve  of  Vieuasens  (fi<r.  274.  v,m.a.  in  transverse  a 
with  the  crura,  forms  the  posterior  boundary  of  the  upper 
fourth  ventricle.  The  white  substance  of  which  it  is  main 
is  marked  superficially  by  three  or  four  flat  transverse  grey  1 
inter^'ening  sulci,  which  toj^ether  constitute  the  so-call^  lmg\ 
Ing).    This  is  continued  laterally  and  posteriorly  into  the 
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BOrebellnm,  while  the  subjacent  white  substance  of  the  velum  is  in 
Rmtinaitj  with  the  central  white  matter  of  the  cerebellum,  into 
m  poiatei  tent-shaped  projection  of  the  roof  of  the  ventricle 
i  (fig.  279,  V4,  in  longitudinal  section).  This  projection  is 
1  below  by  the  inferior  (posterior)  medullary  velum,  which  in 
nner  is  prolonged  from  the  white  substance  of  the  central  part 
Derebellam.  It  is  less  e^ily  displayed  than  the  superior  velum, 
Nmoealed  by  a  part  of  the  cerebellum,  which  is  attached  to  its 
r  posterior  surface.  It  will  be  further  noticed  in  the  description 
nebellum. 


THE    CEBJBBEIiljXJM. 

cerebellum  or  hinder  brain  (fig.  276)  consists  of  two  lateral  hemi- 
joined  together  by  a  median  portion  called,  from  the  peculiar  ap- 
se caused  by  the  transverse  furrows  or  ridges  upon  it,  the  icorm 
tiform  process.  This  is  seen  on  the  under  surface  in  the  fossa 
Q  the  hemispheres  as  a  well-marked  projection,  named  the  inferior 
mn  process,  mt  2^iOYQ  forms  only  a  slight  elevation,  the  superior 
mn  process  (fig.  277,  sv).  In  burds,  and  in  animals  lower  in  the 
his  middle  part  of  the  cerebellum  alone  exists,  and  in  mammals  it 
first  part  to  be  developed  ;  moreover,  in  most  mammals  it  forms 
«1  lobe  very  distinct  from  the  lateral  portions. 


Fig.  276. 


.-^LOWn     SVRPACB     OF    THE     CKKKBKLLUX     WITH     THE     INFERIOR     (POSTERIOR) 

rUABT  TBLUM  (Alien  Thomson  after  Beil  and  Beichert,  and  from  nature).     | 

Midnlla  oblongata  is  cnt  across  near  the  pons  Varolii ;  and  the  latter  has  been 
I  aomevhat  from  the  cerebellam  in  order  to  bring  into  view  the  posterior 
J  Teliim.  To  display  this  better  the  amygdalae  have  been  removed. 
Biterior  saperior  lobe ;  /  A,  horizontal  fissure  ;  p  /,  posterior  inferior  lobe  ; 
r  lobe  ;  b  i,  bi ventral  lobe  ;  c  to  7i,  inferior  vermiform  process,  on  which  are, 
filTulie,  Pf  pyramid,  u,  uvula,  n,  nodule  (the  letter  is  placed  in  the  fourth 
I ;  /,  flocculus  ;  |>  r,  on  each  side,  placed  on  the  cut  surface  where  the  amygdalse 
tt  removed,  points  by  a  line  to  the  lateral  part  of  the  inferior  medullary  velum  ; 
M  part  is  continuous  with  the  anterior  surface  of  the  nodule  ;  t\  t%  cavity  of  the 
Mtriele ;  the  cavity  extends  on  each  side  into  the  lateral  recess ;  m,  medulla 
i ;  Y,  VI,  roots  of  the  fifth  and  sixth  cranial  nerves. 

hemispheres  are  separated  behind  by  a  deep  notch.  The  upper 
arm  process,  though  slightly  elevated,  is  not  marked  off  from  the 
.  n.  X 
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hemispliercs,  bo  that  the  upper  surface  of  the  organ^  whicliiii 
flafcteaed  in  the  middle  and  sloping  downward  on  each  ^dt/ 
mpted.  Below,  the  hemispheres  are  convex,  and  are  separated k 
fossa,  named  the  ralkmki,  whieh  is  contitmous  with  the  n**^ 
and  in  it  the  inferior  vermih«rm  process  (Jig.  270,  e  to  tu  fis.^ 
lies  coneealed  in  a  jri'cat  nieo^ure  by  the  Bun*oiindiug  psni ' 
tiiis  hollow  the  medulla  oblongata  is  received  in  front,  ani 
cerebelli  behind. 

Fig.  277.  Fig.  277.  — OpTLijfi:  ot 

fcFRFACH        OP       TTTf      ^ 

(Allen  Tb-; 

At   tbo   ^i]  1    . 
tlie  crura  cerebri 
them  Imve  been  eui 
in  conuectiou  witk  iUt  t 
III,  the  thinl  pair« 
upon  the   crura  ocrrcbri; 
matter  or  crust  of  tbe  < 
/  w»  locus  uiger  ;   I,  \ 
Uiuiiig   grey    laatter 
part  of  the  crura;  a< 
Sylvkjs ;    q,   carpon 
tli6  letter  ia  placed  c 
lobe  of  the  oerebeUutQ  :  - 
venuifonu  procesj ;  /  <^ 
tLe  anterior  cn^soMitic 
wiih  iho  dckle-shaxied  jKJStcrior  eresccntic  lothO   immediately  below,   foriL- 
ittperior  or  quadrate   lobe;  p  Jt,    iH>stero-aujierior  lobe  j  /A,    honzo&tAl  r 
(Kifitero- inferior  lobe  ;  »,  the  notch  betweeiL  the  hemispheres. 

The  greatest  diameter  of  tbe  organ  ib  transverse,  and  exteii'l 
three  and  a  lialf  or  fonr  inches :  its  width  from  before  bar 
aboat  two  or  twd  and  a  balf  inches ;  and  its  greatest  depth  is  ; 
iuches,  but  it  tbins  out  towards  its  lateral  border. 

^bes. — Tbe  cereltelluni  is  characterised  by  its  laraiuatedorfo 
ai^pearance,  its  surface  being  every^vh ere  marked  by  deep,  closely  scr.r 
verBe  and  somewhat  curved,  fiflauree,  which  extend  a  cousidcTai'k' 
into  its  substance,  but  do  not  all  entirely  encircle  the  oro^an,  for  rn; 
them  coalesce  with  one  another,  and  sr>me  of  tbe  smaller  furr«*w^ 
even  an  oblique  course  lietwceo  the  others.     Moreover,  on  opcmiie ' 
larger  fissures,  many  fob  a  mv  see  a  to  be  cunccak^  within  tbem.i 
reaching  the  surface  of  tlie  cerebellum.    Some  of  these  fissures  arc  I 
marked  than  others,  tbe  most  conspicuous  being  the  f/reai 
/issffre  (figs,  27<j,  277t  ///)*  which  beginning  iu  front  at  the 
peduncle,  extends  i\jund  the  outer  and  i)f>stcrior  border  of  eacb 
sphere,  dipping  down  into  the  posterior  notch  to  unite  with  its  felb^l 
the  middle  line.     This  fissiiro  divides  tbe  cerebellum  into  an    _ 
lower  portion,  corrtspomliiig  in  fact  to  the  iip|^K?r  and  lower  sorfil 
each  of  which  several  lobes,  separated  by  fissures  for  the 
deeper  than  the  rest,  are  described  as  follows : — 

L  On  the  upper  surface  of  the  cc'rebelloin.  The  central  lobe^  (fig. 
consists  of  about  eight  folia,  immeth'ately  adjoining  the  anterifl 
cave  border ;  it  ia  overlapped  and  partly  concealed  by  the  next  lol» 
central  part  is  continued  up^mrds  on  to  the  sajxirior  medullary  Telnm.  n» 
the  form  of  three  or  lour  shallow  transverse  larainie,  wliich  together  coft* 
^titute  a  structure  which  m  termed  from  its  shape  the  linguta  (%  Sft 
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anitTO-mperitn-  lohe^  etunetimcs  cnUed  quadrafe,  and  the 
nor  hb^f  are  plaocd  l>etwwii  tlie  eeiitral  IiJjc  aiid  Uk'  jrrwit 
t  fisBure.  The  qnadrate  lolie  has  a  cr»mparatiToly  nnrrow  part 
from  it  postoriorly  which  is  gome  times  chstinciiished  m  the 
lifixt^'ntit  Iclfe,  the  rest  of  the  fjuatkatc  being  theti  designated 
arrreHrentic  lobe  (see  description  of  %.  277).  These  lol>es  and 
renins:  fissures,  are  all  prolonged  on  to  the  superior  vermiform 
firhere  they  are  less  marked  than  on  the  hemispheres.  Mure* 
e  laminae  on  that  become  redncM:d  iti  nnml)er,  the  ixisterior 
lobe  being,  indeed,  represented  on  the  ^vorm  onlj  Uy  a  single 
rked  lamina,  the  8o-cal[ed/o/»wf  canfmatis  (fig,  277,  below  f ). 
Ihi  the  nuder  surface  of  the  eerebclIuE)*  a.  Oil  the  lateral  hcnii- 
■L  From  behind  forwards  are  enumerated  the  posUnor  h\f trior 
B^.  276,  pi),  the  dtfider  lobe  (//),  the  hhunttal  hhe  (hi)^  the 
hia  (fig,  278,  4)  and  the  Jfomdhs  {f\^.  27G,/).  The  first  three 
ooQsiderable  extent ;  the  amygdala  is  a  small  rounded  lobule,  pro- 
f  into  the  TallecQl&j  and  abutting  against  the  inferior  vermifonn 
Ip  and  the  floccnloa  is  a  sfciU  smaller  lobule  which  is  partly  eon- 
h^  the  biventral  lobe,  between  which  and  the  middle  pediuicle  it 
B  m  the  form  of  a  fluted  projection  attached  l>y  a  slender  jx^dicle, 
ig  traceable  mesially  into  the  edge  of  the  inferior  medullary  \  ehim 
slow). 

Tig.  278. 


Tf. — Tirwmioit   bttrjice    of  this    rKRKTiiELLrii   with   the    poxs  VAUoLrr    i5» 
nsDULLi.  OBLOXGATi  ^from  Sappey  after  HirscMeM  and  Leveille).     | 

bwd  in  the  notch  between  the  cerebeUar  hemispheres^  U  below  the  inferior  rema- 
wooem ;  2,  2,  median  deiirestion  or  TaUcctila ;  3,  3,  3,  the  UiveDtral,  fileaduFf  ami 
i-utferior  lobules  of  the  Kemispherc ;  4,  tlie  ornvgdala ;  5,  flocculas  or  sub- 
nlir  lobule  ;  6^  pon»  Varolii ;  7,  iU  median  groove ;  8,  middle  pcdtmcle  of  the 
Ism  ;  9,  mednUft  oblon^ta  ;  1 0,  1 1 ,  anterior  part  of  the  great  borurcntal  tis»tire ; 
,  0ttl]<ar  afi4  largtr  rcxyU  of  the  fifth  pair  of  norrcfi ;  14,  aixth  pair;  15,  f&dol 
I6v  F«n  intenDodiA;  17,  auditory  ncnro ;  IS,  glosso-pLaryngeal ;  19,  pncumo- 
;  20,  Kpinal  accemarf  ;  21,  hypogloeaal  nerve. 


X  % 


On  the  inferior  venniform  proee&«,  Sitnated  most  posteriorly  is 
idir  iHilmlm  \fi^,  270,  f),  coneistino^  of  a  few  fjlia  wliich  nnite  the 
o-inferior,  and  slender  lobes  of  the  two  sides.  In  front  of  this  is  a 
^projection  named  the  ptframid  (yj),  connected  laterally  with  the 
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biventral  lobea.      Xext  is  another  smalitT  projectioD,  t^.      - 
which  is  placed  between  the  amygdalse  (removed  at  pv  :  ^ 
haxwj^  been  siip-f^ested  hy  a  eompariBon  with  the   pan^ 
the  throat.     The  connecting  ridge  of  grey  matter  bctw^ 
bikI  amygthila?  on  each  i^kle,  bnt  concealed  from  view,  U  : 
ftfrmwed  ImmL     The  pointed   termination  of  the  infcnfT  ' 
process  is  named  the  nmluh  (fig.  276,  above  h),  and  con 
liocculi  at  the  sides.     On  eaeb  side  of  the  nodule  is  thv 
the  inferior  (posterior)  medullar i/  relum  ( p  «■),  appearini^ 
lamella  of  a  scmilnnar  form,  which  is  continuous  by  its  b-.^  .. 
border  with  the  central  white  Bubetanc^  of  the  worm,  while  ^ 
concave  border  is  free,  or  at  least  continuous  only  with  {h>: 
thelial  covering  whicli  forms  the  hinder  boundary  (roof)  of  the  i 
of  the  fourth  ventricle,  coveiing  the  pia  mater  and  its  c]i       : 
The  outer  endi  of  these  lateral  lamelliis  are  attached  to  u       ■ 


Fig.   270.— RlCBT   HALF   or  TnK   KNCKPHAUC    i'i.l'UNCl...    ...  ...  IXUM    All 

TUE  istsm^  Of  A  uKDiAir  fcSCTiON  (Alten  Thomson  after  Ueichcri)*,. 

The  following  Icttcre  refer  to  part*  in  connection  with  the    meduna,  poQ««  as 
beUum  I    PV,  pons  VEirulli  divided  in  the  middle;  M^  mcduUa  oblongAt*;  f« 
euial,    ilirided  longitudinally,   with  grey   substance   surrounding   it ;    Vl,    M 
the  li'urth  ventricle.     In  the  cerebellunir  a  r,   eivm  of  white  subst«iioe  iu  tkt 
of  the  nnJinc  Iob«  of  tho  cerebellum,  ramifyinj?   into  the  arbor   Titse  ;  $  r. 
verinifoim  process  or  upper  portion  of  tho   midtllo   h\ie  ;    »  e,   single  fpHun 
caevminia),  which  fiasses  aerosH  between  the  vosiero-anpcrior  lobea  ;  <^,  tlie  tn>*r 
t),  pjmmtd  ;  ei,  nruLa  ;  »,  nodule ;  1  to  2,  htminm  of  the  antero-sapcfior  loh« ;  h 
V4  jintl  I  arc  accn  the  lin^la  anl  central  lobe  in  section  j  3,  p08t«r9*uiferk>i-  k 
]i>bulu9  gracilis  ^  5,  bivcutrai  lobe  ;  6,  amygdaloid  lobe. 
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ids  to  the  anterior  gurface  of  the  nudtile,  and  to  eath  other  Just 
projection.  The  posterior  velum  thus  eonsti  toted  is  covered 
ealc'd  by  the  amygdalse,  and  cannot  be  seen  nntil  those  lobnles 
nmed  aside  or  removed  as  shown  ja  tlie  figure  (fig.  ^7f>). 
I  s^nctore  of  the  cerelielliim ;  arramgememt  of  the 
wMte  matter. — Tlie  central  part  both  of  the  wonu  and 
I  is  composed  of  white  siibstanfe,  which  scuds  out  divergeut 
Uy  thinning  layers  into  the  interior  of  all  the  hmiinfc%  larger 
;  the  grey  substance  forming  everywhere  a  eontinuooa  cover- 
r  eurface  (fig.  :280),  In  consequence  of  this  aiTangement  of 
md  grey  substances,  sections  of  the  cerel>elhnn  crossing  the 
]0ent  a  beauti foUy  foliated  or  arborescent  appearance,  named 
{a  r,  fig.  27i)).  This  appearance  is  seen  in  any  vertical 
it  IB  most  perfect  in  that  which  passes  throngh  the  median 
e  the  rehitive  quantity  of  the  central  white  matter  is  smftll. 
>ns  are  arranged  somewhat  pinoatcly,  the  section  of  each 
lina  having  those  of  secondary  lam  in  ii3  clustered  round  it  like 
« stalk« 

n  branches  of  the  white  medidlary  substance,  or  groups  of 
spond  wiJh  the  lobules  above  enumerated,  as  indicated  in  the 
t.  279  and  280), 

teral  hemisipheres,  with  wliich  the  peduncles  are  connected, 
latter  is  more  abundant  than  in  tlie  worm  (iig.  280)  ;  aud,  if 
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»  ibe  biventml  lobnle,  S  atid  4  to  tbe  poatero-iiferior  lobule,  5  to  the  pos- 
obolei  6'  to  i^  to  th«  antcro -super! or  lobuk,  and  IS  to  the  iuteml  part  of 
Nile,  a,  0M  or  two  small  kminii^  at  tlie  bott-om  of  the  gn^t  ii<  nzoutal  fis- 
«  betireen  ibe  two  parts  of  the  ix^a^rate  lobule  ;  /,  italk  of  the  flccculus. 


I  made  ihrough  either  hemisphere  half  way  between  itacenire 
idle  of  the  vcnnifomi  process,  it  will  display  a  nucleus  of  grey 
ch  is  named  the  corpus  deutatmni  of  the  cerebellum  (n  d), 
are,  veiy  similar  tu  that  already  described  in  the  olivary  botly 
nlla  oblongata,  presents  the  appearance  of  a  waved  line  of 
tllowish  brown  substance,  containing  white  matter  within, 
interrupted  at  its  upper  inner  part.  In  whatever  direction 
is  carried  throngh  the  corpus  dentatnra,  the  outline  has  the 
I  character,  so  that  the  dentate  nucleus  may  be  described  as 
^^jlicat<ed  pouch  or  capsule  of  grey  subdtance  open  at  one 
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jDart  and  inclr»sin^  white  matter  in  itg  interiorj  like  the  nncl 
of  the  olivary  Ixxly.  The  fi1>res  which  issue  from  it  maj  he  i 
superior  peduiielts  of  the  €erel>elltim  and  to  the  valve  of  Ym 

In  addition  to  the  corpus  dentatuni  certain  otiterportioas  of  gref\ 
ha^e  been  only  more  recentlj  recog^nidcd,  are  fouzid  in  the  whit» 
oerebelluni  (Stil]iug>).    They  are  three  in  number  on  each  side  si 
nsspcctively  the  nucleus  em1x>lilornLU»  nnclena  g^Ioboeus,  and  naden* 
nvrfi'itM  rinfmlifitrmi*  (ig.  2s|,  ^)  is  a  small  clarate  mass  of  grej  81 
iDi»iaIlj  to  and  partly  covering'  tJie  Mlua  of  tlie  dentate  nucleus* 
side  of  t^  nudeuA  emboUlormis,  and  at  a  someirhat  lovrer  lerel,  i| 
grej  matter  passing  antero-posteriorly  and  ending  behind  in  an  a 
treraity.  Thin  hai»  been  named  the  nuchn^  ijhhimtn  (//).    Finally,  cloae  tc 
line,  where  it  is  only  separated  from  its  fellott'  by  a  narrow  septui 
matter,  is  a  rather  larger  portion  of  grey  substance,  which  lies  in  1 
part  of  the  white  ctatre  of  the  worm*  and  close  to  the  upper  wall  c 
like   projection    in   the   roof   of    the    1th  ventricle.    It  i»  termed 
faniUjki  (r).   lliese  i^everiil  portions  of  grey  matter  ire  not  entirely  iaoli 
connected  here  tiud  there  1x>Lh  with  one  another  and  with  the  dentate 
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The  oeml 

dancles  an.*  constituted  1\t  white  fibres  wliich  pass  out  fro 
the  wliito  tiicdullary  sul>staTi(?e  of  the  heiiiigi>lieres, 

Thi'  itn/f^'fior  itrfhrnrks  ( crura  ad  wRJ^rimi)  emerge  from  thci 
of  the  medulhiry  siil>Htaiice  uf  the  liemiBphures,  and  run  up 
forwards  towards  the  hai^e  of  the  coi-poni  qiiadrin;eniiua,  un 
they  disappear.  They  aru  situated  at  first  more  at  tlie  side, 
queutly  iu  the  roof,  of  tlie  upjxiT  part  of  the  fourth  ventrio 
peduncles  are  eoinx^nkil  l>y  the  anterior  part  of  the  cerelieUm 
to  gee  them  prt>|x*ily  this  must  he  divided  in  the  niiddk 
turned  aside*    AVlieu  this  is  done  the  superior  crm^  with  th 
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•)  medullary  vdum  stretclied  out  between  them,  are  brought  to 

I  pBduneUs  (enira  ad  pontem)  eonstitutc  the  commissure  of 
i?llar  homispfiert^.     Th<^y  emertre  from  tin?  latenil  part  of  the 
^-    .  ^betance  of  the  hemisphere,  aiul  pass  forwartLs  to  become  the 
averse  fibres  of  the  veMtral  half  of  the  pons. 

inferior  peduncles  (crura  ad  mednllam)   issue  from   the  white 

of  the   lateral  hemispheres,  between  ibe  other  two,  and  pass 

iminediatelj  out&ide  the  sujx^rior  ]xiduncles  tij  reacli  the  lateral 

the  fourth  ventride.     Here  they  turn  sharply  downwards,  at  a 

le.  and  become  the  restiform  bi>(lies  of  the  medulla  oblongata. 


Fig,  282. 
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\  infa  the  white  centre  of  the  ccrcVjeUuin  ;  6,  fillet  at  the  side  of  the  cnirsi  cerebri ; 

^,  ktersil  grooretf  of  the  crura  cerebri  ;  8,  corpora  qiiadrigciniiiri, 

tL  MINUTE    BTHUCTUIIE    OF    T^E    CUBEBKIJiUM. 

I^The  cortical  grey  substance  is  composed  of  two  distinct  layers, 
til.  I — an  outer  elear  fj^ey  layer,  and  an  inner  greyish-red  "granule'* 
kjcr.  At  the  junction  of  the  two  is  an  incomplete  layer  of  lar^e  cells, 
termed  the  corjmscles  of  Purkinje,  Outside  all  k  the  pia  mater,  from 
which  rascnhir  processes  extend  inwards  into  the  nenuus  substance. 

The  miter  layer  (fior.  28H,  h)  consists  of  a  delicate  matrix,  apiiareiitly  of 

the  nature  of  neurogha,  containin^^  cells  and  tibi-ee.     Most  of  the  fibres 

haTC  a  direction  at  right  angles  to  the  smiace ;  the  greater  nranber  of  tliem 

^   aie  the  pn)cesses  of  the  large  neiwe-ceils  which  lie  between  the  two  layers. 

H  Othefv  are  fine  tapering  fibres,  analogous  to  the  sustentacular  fibres  tif 

™    the  retina,  and  abutting-  by  a  broad  l>ase  against  the  inner  surface  of  the 

pia^maten  Tlie  cells  of  this  outer  layer  are  gi-anule-Uke  bodies,  aome  very 

small,  and  belonging  probably  to  the  matrix,  others  somewhat  larger  and 

prol*ably  nervous,  with   processes   extending  from  one  or  more  sides, 

Some  of  the  corpuscles  are  connected  with  the  processes  of  the  large 

i  of  Furkinje  (^aee  fig,  284),  The  inner  part  of  this  layer,  contiguoua 
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Fig.  2Si— Processrs  op 
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C1JBT8X  (Sankey).     Htghljni 

a,  «i,  processes  of  the  corpioai 
Mnje  ;  &,  a  branch  from  one  0f  1 
is  connectetl  with  two  of  the  o 
the  outer  layer  r,  r,  sc&ttera 
corposclca  of  Uiiii  layer. 


Fig  283.  — Struct URK  op  Cowtwx  of  CKRiBELnnr  (Simkcy). 

a,  pia  mater  ;  ^,  external  layer  j  c,  layer  of  corpuscles  of  Ptirkinje  ;  rf,  inner  > 
layer  ;  e,  roedttllary  centre. 

corpuscles  raty  in  size  frora  Tr^V»tl>  to  a-sVn^li  ^^  ^^  i^ch,  th 
heiDfj  less  densely  scuttei^cd  around  the  corjm^cle?  of  Pujkinjc, 
are  round,  others  an^^ukr.  Each  cell  is  foruieil  of  a  nucleus  witJ 
protoplasmic  ein'clope,  the  processes  frum  wliicli  are  supposed  to 
nectea  with  tiie  plexifomi  uerve-libres  amout;  which  the  cells  lia 
The  ceils  of  Fiirkinje  (tig.  i'S3,  c)  lie  between  the  outer  . 
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I  of  the  grey  cortex.  They  are  more  closely  set  at  the  margins  of 
EiinflB  than  elsewhere.  Some  are  irregular  in  form,  bat  most  are 
ftped,  their  long  axis  being  at  right  angles  to  the  surface.  The 
er  of  the  larger  cells  is  ^^th  to  y^oiyth  of  an  inch.  IVocesses 
from  them  into  both  the  outer  and  inner  layers :  the  outer  pro- 
leing  much  the  larger.  It  usually  divides  close  to  the  cell,  and  its 
0hes,  either  at  once  or  after  a  short  horizontal  course,  pass  towards 
mrface,  dividing  repeatedly.  Some  are  connected  with  the  corpuscles 
le  outer  layer  ^g,  284),  but  most  can  be  traced  nearly  to  the  outer 
loe,  and  are  there  lost.  The  inner  process  is  fine,  undivided,  and 
9B  into  the  granule  layer,  where  it  is  continuous  with  the  axis- 
ider  of  a  nerve-fibre. 

i^e  mednllazy  or  white  centre  of  each  lamina,  consists  of  nerve- 
B  arranged  in  parallel  or  interlacing  bundles,  which  pass  &om  the 
ral  white  matter  of  the  worm  or  of  the  hemispheres,  and  appear  to 
obliquely  into  the  cortical  grey  substance.  They  disappear  in  the 
nle  layer,  and  are  believed  to  be  continuous  with  the  axis-cylinder 
Sflses  of  the  corpuscles  of  Purkinje,  but  some  are  of  opinion  that  they 
y  in  part  at  least,  by  the  union  of  the  fine  fibres  of  a  plexus  in  the 
r  layer. 

e  structure  of  the  corpus  dentatum  resembles  that  of  the  olivazy  body. 
■ete  oelU  ^th  to  jj^th  inch  in  size,  lie  in  grey  matter  which  is  traversed 
mdlee  of  nerre  fibres,  passing  in  various  directions  but  chiefly  from  without  ' 
■dB. 

jt  nucleus  emholiformis  agrees  closely  in  structure  with  the  nucleus  dentatus, 
l&ich  it  seems  to  bear  the  same  relation  as  do  the  accessory  olivaiy  nuclei 
iie  chief  oliTary  nucleus.  The  nucleus  fastigii  and  nucleus  glohosus  differ 
rwhat  In  structure  from  the  dentate  nucleus,  and  chiefly  in  the  much  larger 
of  Uieir  cells,  which,  according  to  Meynert,  are  very  similar  to  those  of  the 
tiled  outer  auditory  nucleus  or  nucleus  of  Deiters  in  the  pons  (see  p.  303). 

UgQxwb  of  the  filires  in  the  central  white  snbstance  of  the 
ebellnm. — Tracing  the  fibres  of  the  cerebellar  peduncles  into  the 
te  centre  of  the  organ,  it  is  found  that  their  general  arrangement  and 
tribntion  is  as  follows  : — ^Those  of  the  middle  peduncles  coming  from 
pons  Varolii  enter  the  lateral  part  of  the  white  matter  in  two  main 
idles.  One  of  these,  composed  of  the  superior  transverse  fibres  of 
I  pons  which  pass  obliquely  downwards  over  the  others,  radiates 

0  the  lat€i*al  and  ventral  parts  of  the  medullary  centre  of  the  hemi- 
leies  (fig.  285,  m').  The  other  bundle,  which  is  formed  of  the  lower 
Qsverse  fibres  of  the  pons,  is  joined  at  its  passage  into  the  white  centre 
the  restiform  body  or  inferior  peduncU  (fig.  285,  n),  and  the  fibres 
both,  blending  in  their  further  progress,  turn  upwards  and  radiate 
)  the  upper  parts  of  the  medullary  centre  of  the  hemispheres,  and 
)  the  upper  part  of  the  worm.  Those  which  pass  into  the  worm 
VKi  over  the  corpus  dentatum,  and  are  termed  by  Stilling  the  semi- 
ular  fibres.    A  small  part  of  the  fibres  of  the  restiform  body  is 

1  by  Stilling  to  enter  the  corpus  dentatum.  The  superior  peduncle 
lee  almost  entirely  into  the  interior  of  the  dentate  nucleus,  but  some 
88  curve  round  the  outer  side  of  this  without  passing  into  it,  while 
e  of  the  mesial  fibres  are  traceable  directly  into  the  white  substance 
he  worm.  Probably  many  of  the  fibres  of  these  peduncles  which 
X  the  dentate  nucleus  are  connected  with  its  cells^  but  others  pass 
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larrowSy  and  which  in  front  expands  abruptly  into  the  third 
It  is  rather  more  than  half  an  inch  long.  In  shape  it  varies  in 
irts,  being  T-shaped  in  section  below  (near  the  fourth  ventricle) 
above  (near  the  third),  and  in  the  intermediate  part  of  an 
oval  form,  but  somewhat  shield-shaped  in  the  region  of  the 
>rpora  quadrigemina.  It  is  lined  by  ciliated  colunmar  epi- 
itside  which  is  a  thick  layer  of  grey  matter,  continuous  with 
e  fourth  ventricle.  Outside  this  grey  matter  of  tJie  aqueduct^ 
and  ventral  parts  (basal  part)  of  the  mesencephalon  are  com- 
le  thick  masses  of  the  crura  cerebriy  whilst  the  roof  or  pos- 
is  formed  by  the  lamina  quadrigemina,  so  called  from  bearing 
amillated  tubercles  known  as  the  corpora  quadrigemina. 
tj  matter  of  the  aqueduct  is  a  layer  of  some  thickness  (2  to 
srs)  which  surrounds  the  aqueduct,  and  is  prolonged  from  the 
r  of  the  fourth  ventricle.  It  is  characterised  by  the  large 
■  vessels  which  are  distributed  in  it.  It  contains,  scattered 
»  substance,  nerve-cells  of  varying  size,  th^  largest  being 
forwards  from  the  locus  coenileus  of  the  fourth  ventricle  ; 
are  very  numerous  and  small  at  the  dorsal  side  of  the 
In  addition  to  these  scattered  cells  the  grey  matter  of  the 
contains  certain  more  defined  groups  or  columns  of  cells 
connected  with  the  roots  of  the  third,  fourth,  and  fifth 

TCS. 

dens  of  the  third  and  fonrth  nerves  extends  on  either 
almost  the  whole  length  of  the  ventral  part  of  the  aqueduct, 
he  middle  line,  the  nuclei  of  the  two  sides  being  only 
from  one  another  by  the  raphe  ;  superiorly  they  even  meet 
V,    The  cells  of  this  nucleus  are  very  large  and  irregular  in 

Mr  nucleus  of  the  fifth  nerve  consists  of  a  comparatively 
.ber  of  large  globose  cells,  which  lie  at  the  extreme  lateral 
the  grey  matter  of  the  aqueduct  close  to  the  bundles  of  the 
•  root  of  the  fifth  nerve,  towards  which  their  axis-cylinder 
.re  directed. 


VZNTRAIi  FART   OF  THS  MBSSNCXFHAIiON :   CBUBA  OBBXBBZ. 

ira  cerebri  (fig.  2 GO,  P)  emerge  from  the  upper  border  of  the 
iiverge  from  one  another,  leaving  between  them  the  posterior 
space  and  the  corpora  mammiilaria  and  disappearing  in  the 
imispheres  under  the  optic  tract.  Near  the  point  of  the  angle 
ice  the  roots  of  the  third  nerves  issue  in  several  bundles  from 
long  their  inner  side  ;  and  this  groove  serves  to  indicate  the 

between  the  more  prominent  ventral  part  of  the  peduncle 
ss,  crusta pedunculi)  and  the  dorsal  and  larger  part  {tegmentum) 
I  great  measure  concealed  from  view  by  the  pes  when  viewed 
7  and  in  front,  only  appearing  as  a  small  tract  on  either  side 
erior  perforated  space.  A  section  into  the  cms  cerebri  shows 
rts  of  which  it  is  composed  to  be  separated  from  one  another 
;  of  dark  coloured  grey  substance  known  as  the  substantia 
5h  comes  to  the  surface  on  the  inner  side  at  the  groove  above 

firom  which  the  third  nerve  issues  (sulcus  oculomotorii),  and 
or  Bide  also  along  a  grooved  line — the  lateral  snlcns. 
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Of   the  two  main    parts   of  each  pedanclc  the   erutfa  is 
almost  entirely  of  longitudinal  bandies  of  fibres  which  are  < 
with  the  pyramid-fibres  of   the  mednlla  ol)longata  and  poii%  i 
others  being  superadded,  whilst  the  tegmentum  is  a  continoada] 
the  formatio  reticularis  of  those  parts,  with  the  addition  of  i 
matter  and  white  fibres,  amongst  the  latter  being  those  of  the  i 
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Fi^.    2S6.— OCTLISTE   OP  TWO   .SECTI05S    ACROSS    THE     XESElTCEPHALOar.        BlfUItt  I 

(E.  A.  S.     After  StUling.) 

A,  throagh  the  middle  of  the  inferior  corpora  quadrigemina ;  B,  throng  tk  I 
of  the  superior  corpora  quadrigemina. 

<T,  cnista ;   «  n,  substantia  nigra ;   t,  tegmentum  ;  9,  SjlTian   aqneduet,  i 
surroun^ling  grey  matter;   c.q,  grey  matter  of  the  corpora  quadrigemina;  l.|^  1 
groove;   p.f,  posterior  longitudinal  bundle  ;  d.V,  descending  root  of  the  %Ai 
Jt.c.p,  Bui>erior  cerebellar  peduncle  ;  /,  fillet     The  dotted  circle  in  B  indkatettl 
tion  of  the  tegmental  nucleus. 

peduncle  of  the  cerebellum.  The  two  ventral  portions  (cmstie  orpeU|1 
are  entirely  distinct  from  one  another  (as  shown  in  the  aooon^oV'l 
ing  SL'ctions,  fig.  2S(j),  and  each  is  marked  off  extomally  from  oil 
tegmentum  of  the  same  side  by  the  grooves  just  mentioned ;  bat  tkl 
two  tegmenta  are  closely  united  in  the  middle  line  by  a  proloDgitM] 
of  the  raph6,  and  extend  dorsally  at  the  sides  of  the  aqueduct  to  I 
continuous  with  the  bases  of  the  corpora  quadrigemina. 

Cmsta,  pes  or  basis  of  the  cms  cerebri:  proper 
peduncle.  The  crusta  is  semilunar  in  section,  the  sul^tantia  nigra  |V^ 
jecting  into  it  with  a  convex  border.  It  is  wholly  made  up  rf  kip* 
tudind  white  fibres  which  are  arranged  in  flattened  bundles,  with  tlsir 
edges  in  and  out,  separatod  ft*om  one  another  by  processes  of  pia]iiat& 
The  main  part  is  a  direct  prolongation  of  the  pyramid-bunmes  €i  As 

Eons  and  passes  superiorly  towards  the  internal  capsule  of  the  oodol 
emisphere. 

Close  to  the  Rubstantia  nigra,  the  bundles  of  white  fibres  are  ■n«*ngr  m1 
8omewhat  separated  by  projections  of  the  grev  matter  extending  between  tbA> 
These  have  both  a  different  ongin  and  a  different  destination  from  the  otttf 
fibres  of  the  cnista  :  for  on  tlic  one  hand  thej  are  traceable  from  the  fontftii 
reticularis  of  the  medulla  and  i>ons.  and  on  the  other  hand  they  for  the  mott  f^ 
terminate  in  the  cells  of  the  Bnl)8tautia  nigra,  although  some  of  them  pui  oe  ti 
the  lenticular  nucleus  of  the  corpu.-*  striatum  (Me^-nert).  They  have  received  thi 
name  of  gtrutinn  intrrmvdhim.  Further,  acconling  to  Meynert,  the  oater  or  btanl 
bundles  of  the  crusta  have  also  an  origin  and  destination  different  from  the  oudi 
tract.  He  states  that  they  are  traceable  from  the  iK>sterior  columns  of  the  iimbiI 
cord  and  lower  part  of  the  medulla,  crossing  over  to  the  opposite  side  just  •bore 
the  decussation  of  the  lateral  pyramidal  tract  (upper  pyramidal  ilormwitinn  flf* 
2G7,  8,  jK  d.)  r.nd  then  passing  up  with  this  through  the  medulla,  ponsr  ani  crcn 
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to  ^iresd  out  dixiectlj  in  the  posterior  lobes  of  the  oerebnixn  without 
ig  coimected  with  any  of  the  ganglionic  masses  at  the  base  of  the 
leresL    Lastly  the  mesially  situated  bundles  of  the  crusta  appear  also  to  bo 
from  the  pyramidal  tract  proper  (Flechsig),  being  developed  at  a  some- 
later  period.    Thus  there  have  been  traced  at  least  four  di£Perent  sets  of 
in  the  crusta,  and  a  fifth  set  may  perhaps  be  added  to  include  fibres  derived 
ly  from  the  cerebellum  and  joining  the  pyramidal  tract  in  its  passage 
h  the  pons,  such  fibres  being  probably  scattered  amongst  the  fibres  of  the 
tracts. 
X^  is  remarkable  that  whereas  in  the  lower  part  of  its  course  (spinal  cord  and 
)  the  fibres  of  the  pyramidal  tract  acquire  a  medullary  sheath  later  than 
e  cither  fibres  of  the  white  columns,  in  the  upper  part  (cms  cerebri  and  cerebrum) 
Is  acquired  earlier  than  in  the  other  fibres. 

The  substantia  nigra  is  a  mass  of  grey  matter  which  is  characterised 
S  the  presence  of  a  number  of  very  darkly  pigmented  irregular  nerve- 
•rils,  which  give  the  substance  on  which  they  are  scattered  the  appear- 
~ice  from  which  it  derives  its  name.  It  forms  a  layer  which  separates 
basis  or  crusta  from  the  tegmentum.  It  is  thicker  near  the  mesial 
ier  of  the  peduncle  than  laterally,  where  the  tract  of  the  fillet  may 
j^^  but  incompletely  separated  from  the  longitudinal  bundles  of  the 
V^ioata.  It  commences  at  the  upper  margin  of  the  pons,  and  can  be 
B^BKBced  as  far  forwards  as  the  posterior  border  of  the  corpora  albicantia. 
I^t  the  origin  of  the  third  nerve  it  is  traversed  in  its  mesial  part  by  the 
'  IBkes  of  the  nerve-root.  The  grey  matter  of  the  substantia  nigra  pro- 
*  )Qct8  here  and  there  between  the  adjacent  bundles  of  the  crusta  ;  one 
^Qsiderable  projection  in  particular  in  the  posterior  part  of  the  mesen- 
^halon  serving  to  mark  on  the  mesial  portion  of  the  crusta  from  the 

The  cells  in  this  projection  are  much  smaller,  and  relatively  more  numerous 
ftan  in  the  rest  of  the  substantia  nigra. 

The  tegmentam,  like  the  formatio  reticularis  of  the  medulla  and  pons, 
of  which  it  is  the  prolongation  upwards,  is  composed  of  small  longitudinal 
bundles  of  white  fibres,  separated  by  transversely  coursing  or  arched  fibres, 
together  with  a  considerable  amount  of  grey  matter  containing  scattered 
nerve-cells.  Many  of  the  longitudinal  fibres  are  probably  continued  from 
the  anterior  columns  of  the  cord,  and  above  they  may  be  traced  into  the 

optic  t^hftlftTni, 

Id  addition  to  these  diffused  bundles  of  longitudinal  fibres  there  are  some  others 
wliich  are  collected  into  more  defined  tracts.  One  such  tract  constitutes  the 
jfogttrior  lonffitudinal  hundU,which  is  seen  in  aU  sections  of  this  part  of  the  brain 
•8  a  pyriform  area  of  transversely  cut  fibres  which  lies  on  each  side  of  the  middle 
line  between  the  grey  matter  underlying  the  aqueduct,  and  the  formatio  reticu- 
laris (fig.  286,  p.t). '  The  fibres  which  constitute  this  bundle  below  have  already 
been  noticed  (see  p.  298  and  fig.  274)  ;  traced  upwards  the  bundle  disappears 
fumr  the  posterior  commissure,  either  by  its  fibres  becoming  dispersed  in  the  rest 
of  the  formatio  reticularis,  or  by  their  having  become  united  with  the  nerve- 
nntdei  (3rd  and  4th)  in  the  mesencephalon. 

Another  tzact  of  longitudinal  and  decussating  fibres  is  derived  from  the  superior 
peduncle  of  the  cerebellum,  which  we  have  already  traced  as  it  passes  forwards 
orer  the  anterior  end  of  the  fourth  ventricle.  Iteaching  the  sides  of  the  aqueduct 
as  a  well-marked  bundle,  of  semilunar  shape  in  section  (fig.  274,  s.c.p),  it 
gndnallj  takes  a  lower  position  as  it  is  traced  upwards  in  the  mesencephalon, 
and  its  fibres  soon  begin  to  pass  across  the  i-aph6,  decussating  with  those  of  the 
other  side  (fig.  286,  A),  the  decussation  extending  as  far  forwards  as  the  superior 


SI8 


MESENCEPHALON. 


mtbi 


pair  of  corpora  qtrndrigeminEL    Having*  tlmfl  raitircly  crossed  to  tbe  oppoabd 
the  tract  in  question  purgnes  its  course  longitudiji^ly  npwarde*  raiclosaifl' 
poBsage  a  tract  of  groy  matter  with  numerous  larg'e  pigmented  celk,  1 
the  Ttuclfifif  of  the  tajmrniitm  or  rrd  nuclru^  (fig.  2S6,  B,  and  fig.  28S),  1 
receiving  an  accession  of  fibres  from  these  cells.    Above,  the  tnMst  paaei 
ventral  part  of  thtj  optic  thalamus. 

Lastly,  in  sections  acroj^s  the  upper  part  of  the  pons  a  oonsideiable  i 
bundle  of  longitudinal  fibres  (tmet  of  the  fillet,  fig.  274,  I)  begins  to 
npi>eamnce  at  the  ventral  border  of  the  format! o  reticularis*  and  if^  tn 
upwanls  into  the  same  part  of  the  tegmentum.    Soon,  however,  the  1 
fibres  of  this  tract  are  seen  to  pa&s  obliquely  outwank  and  emerge  at  t 
of  the  cms  cerebri,  curving  obliquely  over  the  outer  side  of  the  pn 
of  the  cerebellar  peduncle  (fig.  28G,  A,  /),  and  tending  for  the  most  part  t 
the  inferior  corpora  quadrigemina.    They  are  seen  on  the  surface  as  &  i 
obliquely  curveii  librea  knoi^Ta  as  the  Jilht  (leniniacus)  occupying  a  i 
area  at  the  side  of  the  tegmentum  (fig.  287,/).   They  are  reinforced  by  fihroft 
the  anterior  medullary  velum  which  aUo  curve  round  the  superior  ( 
peduncle*    The  fillet  is  covered  externally  by  a  thin  layer  of  grey  matter  c 
iug  ncrvc-eells. 

All  the  fibres  of  the  tract  of  the  fillet  do  not,  however,  take  the  oour^- 
indicated.    Those  neareafc  the  middle  line  (inner  portion,  fig.  274^  O  "' 
Moynert  to  pass  upwards  in  the  stratum  intermedium  of  the  crostik    T 
in  order  (middle  portion)  according  to  Forel  are  for  the  most  part  ctoiu 
upwards  in  the  formatio  reticularis  of  the  tegmentum,  bat  (with  the  eio 
of  a  small  pajt  which  nins  to  the  corpua  albicans)  become  lost  among«t  iis  I 
tudjnal  bundles  and  are  no  longer  traceable  as  a  dustinct  tract.    Some< 
lateral  fibres  of  this  middle  portion,  however,  pass  to  the  upper  corpon  qai 
geraina  (fig.  2S(3,  B,  /).   It  is  especially  the  lateral  portion  of  the  tract  of  ihii 
which  passes  to  the  side  and  enters  the  lower  corpora  quadrigemina.  ^ 
fiometimes  distinguished  us  the  lower  filht  from  the  tract  wliich  enteis  the  \ 
qaadiigeminal  bodies  (np/nr  Jilhi}.    Traced  downwards  the  fibres  of  tli«fi 
pasA  into  the  posterior  part  of  the  lateral  column  of  the  medulla  oblongtU,  tai  ^ 
also*  according  to  Roller,  into  the  anterior  column. 

Tba  arcuate  fibri'g  of  the  formatio  rcticulana  of  the  tegmentum  incliide  beai^a 
the  decussating  fibres  of  the  cerebellar  peduncles,  and  the  curved  fibres  of  *ia 
fillet,  others  the  origin  und  destination  of  ivhich  are  but  imperfectly  nnderstooi  , 
Some  are  said  to  be  derived  from  the  celLs  of  tlie  nucleus  of  the  tq^raUra 
before  raentionetl,  and  others  from  certain  large  spheroidal  nerre-oeUi  in  tb 
lateral  part  of  the  grey  matter  of  the  aqueduct  (upper  nucleus  of  the  1^  nem). 

Dorsal  part  of  the  mesencephalon :  corpora  quadrigemina,    Ai 

bcfijic  Kiattid  tli€  Sylviim  aqueduct  is  covered  OTi  its  dorsiU  aspect bj 
the  quadrigemiaal  lamina,  bearing  the  bodies  of  the  same  name.  Tii 
mesial  part  of  the  Janiina  is  marked  by  a  com  para  tively  wide  ipx^i^ 
shallower  inferiorly,  which  serves  to  separate  the  corpora  quadn«2:<^i 
of  opposite  Bides  (fi|i^.  282),  This  grooved  Burface,  \?hicb  ifi  mised  atow 
the  level  of  the  upper  inediillarj  velum  iinmediatelj  behind,  is  counectod 
with  the  velum  by  a  small  median  strand  of  longitudinal  fibres  terroed 
the  fremflum  reli  (fig.  287, /r).  In  front  of  the  upper  (anterior)  pairof 
corpora  quadrigemina  the  groove  is  int^.-niipted  bj  a  transverse  *" 
prominence—the  poskrior  commisstfrf ;  but  both  this  and  the 
end  of  the  median  groove  are  in  the  natural  condition  concede 
the  pineal  body  (ji;),  which  projects  backwards  and  dowTiwards  froi^ 
tlie  pc^sterior  wall  of  tlie  tliird  ventricle  and  rests  between  the  upper 
pair  of  quadrigeminal  bodies.  A  well-marked  narrow  transverse  grooxt 
which,  commenoea  a  short  distance  from  tlic  middle  line  and  is  carved 
round  the  lower  boi'der  of  the  upper  tubercle  separates  this  from  tie 
lower  tubercle  of  the  same  side 


>airo( 
whil^ 
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le  corpora  or  tnbercula  qnatdrigemina  are  two  pairs  of  ronndetl 
Qix-s  which  are  luaiolj  cumposed  of  grey  matter,  although  coTcred 


I 


cU 


^^r.— VreW     OF     THE     MX- 

TW  11,  tons,  A%J^  MSSEXCKFHA* 

r»03t  TBS   fttCBT  StDS   AXi> 

►  (E.A.S.) 

oerrbeUum,    the    inferior 

v^^klLuy  rdaui,  and   the   right 

«i£    the   superior    medullary 

have  been  cut  a«ay.  ho  oa 

pUj  the  looith  veatricle. 

f.«,   <'f/l,   superior   and   in- 

i(ft&drtgeiiiiaa]  bodies  of  the 

klf  ;  the  pincftl  ghuid*  p^  i^ 

>rttjectin^  haek^mrds  between 

aiKrior  bodies^  and  the  fra;^ 

,  jTy  paas«9  up    from    the 

mediiliary  velam*  n.m^t^ 

iBterT&l  between  the  [k»- 

quadri^emiaal  bodies  ;  tA» 

liaLunas  opticus  ;  hr.  i,  bm- 

of    the    inferior    quadri- 

body  pasidng  underneath 

■  genlcubte  body,  tJj.%.  ; 

ficial  stratum  of  fibres  of 

yUkl,  ooTcnng  the  t^mentum 

ttVA  cerebri  ;  <?,  cmsta  of 

eruti  eerebrif  seimrated  frotii 

bagmen  turn    by    the    ljit«ral 

ff,  t,y.  ;  />,  upper  part  of  ibe 

ML,   IV.,  etc,  the  corre- 

ing  cranial  nenret.    The  rest 

!  Uiif  ^oite  will  be  found  dc- 

1  At  p,  286. 

ally  with  a  thin  layer 
^  tmnsverse  white  fibres, 
Tie  upper  or  auterior  tu- 
Wcke  (fig.  287,  t,q.t,)  an} 

somewhat  brt»adcT  and  dai-kcr  in  colour,  but  sligbtly  less  proiuincnt 
than  the  lower  or  posterior  {c^qS  ).  Late  rally  the  ei»riu»ra  (jusidii^^euiina 
are  not  bouiidod  by  a  p-oove  l>nt  each  app^^ars  to  be  prob>iiged  obliquely 
upwards  and  ibnvards  into  a  prominent  white  tract,  known  as  the 
k^aduftm  of  the  corresponding^  tuberele.  The  lo\ver  (|x^sterior)  bnichium 
(tig.  287,  bi.i,)  loses  itself  uridenieuth  an  o^al  prominence  which  is  seen 
aft  the  sido  of  the  upper  end  of  the  cms  eercl)ri  and  is  termed  the  iumr 
ffmiculafe  Imhf  (fig.  1*87,  c.ff.i  ;  fi^.  l'*Jl,  /.)  ;  from  the  opptjsite  side  of 
thiA,  one  of  the  roots  of  the  optic  tract  passes.  The  upper  (anterior) 
bcachiom  pag^es  between  the  same  geniculate  body,  and  the  prominent 
Mfllerior  extremity  of  the  optic  thalamus  with  the  external  geniculate 
body  (fl^.  20}^  Th,  e)  directly  into  the  optio  tract,  of  one  of  the  roots  of 
which  it  may  Ixj  rt^garded  as  a  prolongation  ;  hut  the  continuity  into 
this  ts  much  licttcr  seen  in  eoine  animals  tlian  in  man. 

The  lower  or  posterior  qxtadrigeminal  bodiest  are  €OTiipr>Bed  almost 
entirely  of  grey  siil>stance  (the  so-called  nut  kits  of  these  bodies  (fig,  2fciGA, 
€jq))  which  is  gepamted  by  a  thin  layer  of  the  fillet  from  the  grey  matter 
of  the  aqueduct  and  contains  numerous  small  and  some  larjror  nerre- 
otJk,     The  nuclei  are  united  across  the  middle  line  by  a  cummissuraL 
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portion  of  grey  matt^^r  which  fa  bounrled  superficially  ami 
transverse  white  fibres  derived  from  tbe  fillet. 

Tlie  Piii>erficial  tihves  are  coiitiTiuou3  latflrally  and  in  front  with  lilt  1 
tlie  brachium  of  ihe  inferior  quadri^eminal  body,  and  laterally  and  1 
those  of  the  lower  fillet,     Accortiinr*  to  Mevueit  the  fibres  of  the  lowiirl 
oiia  side  pass  obliquely  across  the  quEwlrigeroinal  bodies  to  emer^  mb  thel 
on  the  other  side  i   thi.s  coiitiiraity,  howover,  if  it  really  exM^,  b 
direct  but  occurs  throug'h  the  medium  of  tlm  nerve-oells  in  the  grej  3 

Fis.  238. 


Af 


^^ 


^ 


\Ji 


Fig.  288.— S«CTici!i  TEnotraii  tbi    &rpKiiioii  ?aiit  of  oifi  of  twi  flVFKiu<im  \ 

(ttTArmiOlMINA   AVD  THi    ADJACeTTT  PAKT  OF  tlXK  Oj*TfO  TSAIOltrS  (alUf  X« 

*,    aqutMluct   of   Sylviua  ;    <7r,   grey    matter  of  the  aqueduct;    r.^.*, 
ctDinence,  coaaLstiai^  of :  iy  stmium  Icniaiaci  ;  o,  stratum  opticmn  \  c,  «tn 
7%,  thabujAts  (pulvioar) ;  c.ff.i,  r.f;.f,  iuiemal  and  e^vtenial  gjomculrnXm  ho^mi\ 
br.i,  mi[>erior  and    inferior   trdchii ;   /,   fillet;    p.l^    posterior   longltudiiuU 
r,    raph6 ;   111^    thirtl   acrvo ;  n.   Ill,    its  hucIcuh;  t.p,p,   pofterior  yetion 
f.n,  substaatia  aigra  ;  aLotc  thin  i^  the  tegaieutum  wHlh  Us  nucleus^  Ihi  I 
iadieatcd  by  the  circolar  area ;  cr,    cniata  ;  11,    optic  tract ;  M,  inedttthiy  ( 
the  hemisphere;  n^Cf  auelemi  caudatua  ;  st,  stria  ten»it»l{«. 

The  upper  or  anterior  qtna/drigemm&l  bodies  are  corered,  I 

lower,  with  a  thin  btnituin  of  wbitu  fibre*?  {.sinihnn  zmiale),    Wii' 
is  a  cap-lik<3  lajer  uf  p'ey  nmti%:r  \si rat um  cinerettm^^^,  t^if^ 
tainiu!^  uiimcroiia  sniall  nerve-cells,  of  considerable  tbiekxit'ss  at  tall 
prominent  part  of  the  tiihercle,  bnt  thinning  off  towiinls  iU 
Wjtiiin  this,  iit:^in,  is  the  most  cliamcterbtic  part  of  the  **fai 
is  a  layer  of  lont^itndinally  conrsint;  bniulles  of  fine  iienre*fiblii{ 
opikiwu  o),  between  which  h*e  small  scattered  ner\e-e^ll» 
grey  matter,  which  is  continuons  ijeripheiiilly  with  thnt  of  tl»^ 
cinereuni.     In  front  the  nervC'libre*  pass  outwards  and  forwrnnk  i 
nppr  bradiiuin  (br,  #),  and  alono^  this  into  the  optic  tract.     Kfli 
from  the  next  layer  ms&  vertically  into  this  stmttim,  Lii*' V  t-'w^ 
optkvfibrc  layer' ana  the  ^^-7  matter  around  the  aqn*  ^ 

well-marked  layer  eonij>c»scd  of  mednllated  fibres  derived  nfau  \im 
fiJiet  {atratum  h-mnlm,  />,     This  is  thicker  at  the  side,  whife  Ifc 
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^  and  becomes  in^dnally  thinner  near  the  middle  line,  whon^  many 
fibres  pass  across,  decussating  with  fibres  from  the  <)])])osite  "^ide. 
ismdaal  thinning  of  the  stratum  appears  to  be  due  to  the  passage  of 
■es  outwards  into  the  optic-fibre  layer ;  but  some  fihivs  (acccn-d- 
»  Tartnffri,  whose  comparative  investigations  have  thrown  niii<*l» 
qwn  the  minnte  anatomy  of  this  part)  pass  inwards  towiuxls  tliu 
natter  of  the  aqnedact. 


ttnxn  cinerenm  and  stratam  opticnm  of  the  npi)cr  quAdrigcminnl  Ixxly 
together  to  correspond  to  the  naclcus  of  the  lower  qaadrif^i'miiuil  iKnly ; 
wtnin  zonale  to  the  miperficial  white  layer,  and  the  stratam  leniniHci  to  tlio 
white  layer,  which  is  aim,  as  above  mentioned,  traceable  to  the  flUct. 
eoKmezioii  of  the  anterior  qoadrigeminal  bodies  with  the  optic  tract  and 
lae  of  si^ht  is  far  more  intimate  than  that  of  the  posterior.  For  if  in  a 
animal  the  eye  on  the  one  side  be  extirpated,  the  operation  is  found  to  1)0 
Bd  after  some  time  by  atrophy  of  the  anterior  qnadrigcminal  body  and  of 
bhinin,  whereas  the  posterior  qnadrigcminal  body  and  brachinm  b  unaltered 
bb).  Maoeorer  in  the  mole  the  posterior  qnadrigcminal  body  is  well 
pad*  whciTMi  the  anterior  is  atrophied. 


e  pyt w  lor  eoauniflmre,  which  overlies  the  upper  end  of  the 
loct  and  appears  in  the  posterior  wall  of  the  third  ventricle,  is 
nlly  described  with  that  cavicy.  It  is,  however,  a  direct  continua- 
of  the  oommiflBoral  fibres  of  the  fillet  above  mentioned.  Its  fibren 
ttfrom  the  tegmental  i<an  of  the  mesencephalon,  and  after  cro«.sin;^ 
lie  other  side  ai^iear  to  p-asa  throu^rh  the  thalamus  and  diverge  into 
white  sabetanoe  of  ihe  cerebral  hemispheres.  They  may  in  y^irt 
ijirise  oommiBBnral  fibr»  Urcween  the  two  thalami.  Some  are  con- 
ted  with  the  pineal  body. 

X  THIKD  VEBTRICLE   AJSm   THE   PABT8  IN   CONNEC 
TIOH*  WITH  IT:   THAIaAXENCEFHAIjON. 

Phe  Sylvian  aq»ijr'.t  rTjai.  !•  s^iddenly  immediately  after  fiajusin^ 
eath  the  pvst^f^.r  :i:cLrl»r.r^  :r::o  a  comf*aratively  lanre,  iLurnAly 
mraned  cavity.  ZriZZLr^i  -Ji-e  third  Tentriele  ^fi;?s.  if>0,  ti'.*hj.  TLi.«, 
oi  is  on  theVr/-.-'.^  i*^t»=^r  :z.  f:.:::  tr.ia  behind,  jrri'IiLAily  r:arro»«i 
1b  anterior  eai  :•:  &  yc.Mi  :-rr:L:L2:ka  w:.k-h  1;^:^  ov<;r'::.e  op:;'; 
imissnre.  Bdiiv  Lii  ►;:..-.;  ::.:.•  is  a  o.nic^il  dvpressi'.rj,  !«:v:::;j 
■ids  the  pii:±.L77  -jjtj  A:  ::.•:  r-^T-r-.r  ei:r«i:L':>.j,  i::.:::-:»;I.i>;!v 
re  the  entrant  ■.•f"ui*  ii'.-.e:-.-  iiisTriiri:*^  fr..-  ;:  f'/vt:..  y.^.>.ry,T 
]iU88iire,is  az-.cii^j:  Buolh?  i-TT-r-.-^.?:.!. -ri:--. iiii-  i:.'yj ::.';  •■.-  j:  .f ::.-: 
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aperture  (foramm  of  Monro)  leading  into  the  ventricle  of  the  hi 
(kk^ral  veDtricIc),  All  along  the  npjjer  curved  niargrin  of  t 
wall,  tVcim  the  pillar  cif  the  fornix  to  the  pineal  «rland,  nm 
fitria»  knuwn  as  the  hina  pinealh^  or  imiia  fr/rmas  (fig, 
fig.  28!),  Tfo),  The  floor  of  the  ventricle  is  formed  puet 
the  kgmmta  of  tlie  cnim  cerebri,  and  ^vhere  the  cnini  div 
one  another  by  the  following  parts,  whieh  have  been  jtlrt 
tinned  as  seen  at  the  liase  of  the  cerebrum  ;  viz.»  commen 
behind,  the  posffrior  perforated  sjmre^  the  corjKfra  alhifafitia^ 
cinereum  and  wftaidiMttm,  and  the  htmina  cmcrea^  the  last 
also  serves  to  close  the  ventricle  in  front.  The  roof  of  fh* 
limited  liefore  and  behind  hy  two  conrniissures*  named  f 
j>ositJon»  anterior  and  ]x»st€rior.  Of  these  the  antenor  bclo 
descripttrtti  of  the  cerebral  hemispheres,  while  the  jiOBterior  b 
been  noticed  in  connection  with  tlie  mesencephalon. 


Fig.  289. 
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umf  which  overlies  the  thii-d  Tentricle  as  well  as  the  lar^r 
he  optic  thalami.  The  epithelium  follo^-B  all  the  inequalities 
inged  vasculai*  tracts  (choroid  pkxusps)  wliich  project  doifn- 
01  the  membraue ;   and,  thercli»re,  becomes   toru  away  inrheii 

iter  is  removed.      At  the  white  stria    on   either  fiitle   it   is 

i  with  the  epithelium  covering  the  lateral  wall 

Fig,  290. 
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-BlCHT  aiLV  OF  THK   KZlCTEfHALIC   PEUUIfCtK   AKD  CEREBELLUM  AS  SElJf   PROlt 

K«  msiSB  or  A  MKDiAN  ^KCTJoN  (Allen  Thotiisoa  &ft<;r  Reichert). 

;  behind  it  the  optic  com  mi  Mure  dividect  ;  III^  right  third  nenre  ; 
» 5  V  3,  third  ventricle  ;  77i,  ha^k  part  of  the  tbalaiaus  (»i>ticiM  ;  JST,  sec- 
r  body  :  p,  pineal  ghinrl ;  ^»elow  iU  stalk  isithciMistcriorcomnjissure  ; 
|«omMumre  diviil^cl,  and  l>ebind  it  the  divided  anterior  piUftr  of  the  fornix  ; 
idntrea  ;  k  infamlilmhmi  (cavity)  ;  £  c,  tuber  cinBr^um  ;  behind  it  the  corpn» 
f,  mark  of  the  anterior  pilLir  of  the  fornix  descetiilin^  in  the  wall  of  thci^  third 
jf  n,  cmDmiMiuiL  inoUis  ;  s  p,  stria  pincali^  or  peduncle  of  pineal  gland ; 
Itedri^iDuift ;  a  t,  fi^juedact  of  Sylvius  near  tho  fourth  ventricle  ;  rr,  craa 
*T",  |K)ii5  Varolii ;  M^  medulla  oblongata  j  and  behind  thej*e  the  cerebellutti. 

lird  Tentricle  is  lined  hke  the  other  cavities  already  described  1^ 
'pitheliura,  which  is  thin  ami  Unttenetl  over  the  roof,  i,p.  Imin^ 
Od  and  chort»id  plexuM^s,  but  Irmi^a^  and  more  cobimnar  at  the 
Ind  sides.  Tbe  floor,  which  is  naixow,  is  formed,  underneath 
^lium,  of  jn'cjr  matter  continuous  with  that  of  the  »Sjhian 
and  this  grej  matter  extends  a  short  distance  opwards 
ill  of  the  thalamus.  The  c**ntral  ^-ej  substance  behind  rests 
|itill  conjoined  part  of  the  ten^menta  ;  but  anteriorly,  after  these 
i,  it  comes  to  the  surface  at  tbe  base  of  the  brain  as  the 
cdbraied  lamina  and  the  tuber  cinereiim.     The  lateral  walls  ol 
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the  ventricle  have  but  a  thin  covering  of  nenroglia  (epesdj 
neath  the  lining  epithelium ;  so  that  the  white  covering  d  t 
comes  to  view  through  it. 

The  optic  thalanii  (fig.  289,  TIio),  as  gcen  from  i 
the  removal  of  the  fornix  and  velum  interpositum,  are  8om 
shaped  masses  of  grey  substance  covered  superficiaUy  by  a  t 
of  white  fibres.  The  upper  surface  is  marked  by  a  sha 
tudinal  groove,  which  inclines  inwards  as  it  passes  foi 
terminates  a  short  distance  from  the  anterior  extremity  of 
This  anterior  extremity  is  raised  into  a  prominence  termed 
tubercle  (fig.  289,  Ts),  and  together  with  the  part  of  the  U] 
which  is  placed  outside  the  groove,  projects  into  the  vent 
corresponding  cerebral  hemisphere,  and  is  covered  by  the 
thelium  of  that  cavity.  This  part  of  the  upper  smfto 
externally  by  a  white  band,  the  stria  terminalis,  (Sf)  whi< 
it  from  the  part  of  the  corpus  striatum  which  is  seen  in 
ventricle.  The  longitudinal  groove  appears  to  be  caused  by  tl 
margin  of  the  fornix,  the  edge  of  which  extends  over  the  sa 
thalamus  along  the  line  of  the  groove.  The  posterior  an( 
of  the  upper  surface  behind  the  groove  does  not  i>roject  int 
third  or  the  lateral  ventricle,  and  is  not  covered  with  epithei 
limited  internally  by  a  sharp  edge  which  separates  it  mm 
surface  and  which  is  marked  by  the  medullary  stria  above-n 
leading  to  the  pineal  body.  At  the  posterior  and  inner  extrc 
thdamus,  there  is  seen,  as  in  front,  a  well-marked  prominenc 
tubercle  or  pulvinar  ( JPv)  )  which  projects  over  and  partia 
the  brachia  of  the  corpora  quadrigemina.  Between  thu 
and  the  peduncle  of  the  pineal  body  {Pen)  lies  a  small  trii 
pressed  surface,  separated  posteriorly  from  the  mesencephalon 
verse  groove  and  passing  mesially  into  the  stalk  of  the  ; 
This  triangular  surface  is  termed  the  irigonum  habenula. 
surface  of  the  thalamus  has  been  already  described  in  conn 
the  third  ventricle.  The  posterior  rounded  surface  is  occo 
entirely  by  the  pulvinar.  Below  and  external  to  this  is  anot 
eminence  termed  the  outer  geniculate  body,  which  is  placed 
the  inner  geniculate  body  before  mentioned  (p.  819),  the  two 
rated  from  one  another  by  one  of  the  roots  of  the  optic  t 
brachium)  (fig.  2G1).  From  this  brachium  and  from  the  tw 
bodies  the  optic  tract  originates  and  curves  downwards  a 
around  the  cms  cerebri. 

The  external  and  under  surfaces  of  the  thalamus  are  not : 
united  with  other  parts  of  the  brain.  The  under  surface  is 
the  tegmental  part  of  the  crus  cerebri,  while  the  extenu 
covered  by  white  substance  which  is  fonned  of  the  fibres  o: 
which  here  diverge  into  the  substance  of  the  hemisphei 
between  the  thalamus  and  the  lenticular  nucleus  forming  t 
"  internal  cfli)8ule."  More  anteriorly  the  corpus  albicans  ani 
the  tuber  cinereum  lie  below  the  thalamus. 

Stmoture.— The  thalami  optici  are  covered  on  tlieir  free  rarfao 
upper),  (fig.  21)1),  by  a  layer  of  white  fibres.  On  their  outer  aa 
mentioned,  is  the  white  matter  of  the  inner  capsule  (i.  r.)  fonned  hj 
iQg  from  the  cmsta  into  the  hemispheres.  Kext  to  the  thalamus  on 
denser  layer  of  white  fibres,  termed  the  outer  medullazy  ! 
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ndimtin^  fifacw  {mmb  oat  of  the  tJialamDA  to  tEim£:le  with  the  fibres  of 
paale  and  to  pMS  with  these  to  the  eurface  of  the  cerebral  hemi- 
hoae  in  front  pus  'to  the  frontal  lobe  of  the  heiobphere ;  tbose  in 
Cfpon  lo  the  posterior  port  of  the  frontal  and  to  the  parietal  lobe^ 
to  the  teonporo-sphenoidal ;  those  behind  to  the  fcemporo- sphenoidal 
1  lobeiBL    Continuoiu  with  these  mdiating  fibres  are  others  patseing^ 

tn<et  trC'ta  the  palfiaar.  The  lower  surface  of  the  thalaintis  is 
joateriorlj  with  the  prolongation  of  the  tegmentnm  (eubthalamic 
^icm)*  bat  in  front  this  prolongation  inoUnes  to  the  outer  side  and 
in  a  layer  of  grey  matter  which  is  continuous  mtemally  with  the  grey 
»  floor  of  the  ventricle,  and  b  seen  at  the  base  of  the  brain  as  the  an- 
Oicd  lamina.  Anteriorly  the  under  surf^ice  of  the  thalamuM  is  prolonged 
>f  fibres  which  curves  downwai-djs  and  outwards  toward!*  the  white 

the  hemiisphere  forming  the  so-called  lower  peduncle  of  the  thala- 
^  tliflse  is  another  trttct(ttHm  hnticvlari*)  pai$siug  under  the  thalamaa 
dal  part  of  the  cmsta  to  the  lenticular  nucleus  of  the  corpufs  fitriatum, 
^  labetanoe  being  interpolated  between  the  two  tractt).  These  and 
ler  b6twee&  are  termed  collectively  the  tfubntantia  imwmituitit^ 

■cnov  AOiuMi  Fig.  291. 
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MB  the  two  veins  of  Galon   &tid    tho  choroid    plexu»cii  of    the  tMid 
si  its  edges  tbe  cfaofTDid  plc!^iise$)  of  the  lateml  ventricles  ;  I.  «.,  tiieaia 

;  cr,  fonrard  |jiX}lonp.tion  of  the  cruata  passing  laterally  intti  the  internal 

s.  f,  r.,  sabihalazoic  prolongation  of  the  tegmentum,  coniubting  of  (1)  tiie 
(i)  tlis  soaa  iucerta,  and  (3)  the  corpus  subtlialamicum ;  #.  n>,  ttubstaotia 
Aoeletzs  caudfttuB  of  the  coqiu^  striatum  ;  ft«  l.^  nucleus  knticularia  ;  t,  c, 
lis  ;  cU  claustnua  ;  /,  iHlAiid  of  KeiL 

xioe  of  the  thalamus  is  chiefly  formed  of  gtty  matter  with  nerve- 
ed  in  it,  but  their  artarigenicnt  and  connectioni*  with  nerve-tmcta 
thexto  been  satisfactorily  ascertained,  Ite  grey  matter  Is  imrtially^ 
ato  two  parts,  the  ao-oalled  inner  and  outer  nuclei  of  the  fchalamua 
by  ft  TertU^l  whit«  lamina,  8-ghaped  in  section  (inner  medulhiry 
le  mtUr  nwjlen*  {v},  in  the  larger  and  extends  into  tho  posterior 
b  marked  extemftlly  by  the  radiating  white  lines  before  mentioned 
EOm  the  thalamus  into' the  inner  capsule,  and  these  confer  upon  its 
somewhat  of  a  reticulated  aspect  (latticed  layer).  The  inrter 
sot  extend  into  the  anterior  tubercle,  but  this  pait  of  the  grey  suh- 
JialamuM  is  cut  off  from  it  by  another  septum  of  white  matter, 
'  aqwrated  part  u  the  a nf trior  nucUtiJt  oi  the  thahunna  or  mivlru* 
iar  tulferclf  (a).  It  contains  comparatively  large  nerve-cella  and 
Ah  a  number  of  fibres  imuw  downwards  and  converge  to  form  ft 
handle  (bundle  of  Vicq-d'Azyr),  which  entering  the  corinis  albiosna 
I  that  tubercle  a  Bharp  bend,  and  passes  upwards  again  in  the  wall  of 
» M  the  anterior  paiar  of  the  fornix.    The  middle  oommiaeure  unitea 
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the  iimer  nuclei  across  tlie  third  Yenbicle  And  is  dbo  oontdnuoos  beLmr 
side  with  the  grey  matter  of  the  cavity.    It  contains  tnmsrerKly 
and  nerve-cells. 

In  the  trJi/oHUJH  fmhcnvliP  is  a  collection  of  nerve-cells  termed  by 
ffanfflwrtr  of  the  hahinula.     From   this  a  bundle   of  fibres  Ifl  tiicttli»| 
waida    towaitls    the    interpetliincnlar    rcg^ion   (tho   part   between  ^ 
peduncles)  to  anotlier  collection  of  nerve-cella,  better  marked  in  lafiA 
than  in  man,  termed  the  intcrpcdititf^ular  ffnnffllan  (Forel). 

Tho  07tttr  genieulatc  bod?/,  darker  in  colour  tlian  tlie  rest  of  the 
deuB  of  the  thalamus  to  which  it  is  attached,  has  a  lameUated 
288,  c.ff.e.) ;  thin  layers  of  white  fibres  derived  from  the  optic  tt»ct 
with  thicker  layers  of    grey  matter  containing-   large,    pigmented^ 
nerve-cells.    The  actual  connection  of  the  fibres  with  the  cells  ha* 
traced,  but  there  is  no  doubt  that  this  promineuce  and  ihe  neig^hbouiinf 
the  thalaums  are   connected   with  the   origin  of  the   optic    fibres, 
atrophy  which  tbey  undergo  after  extirpation  of  the  opposite  eye. 

The  infii-r  geniculate  bodtfj  also  continuous  with  the  grej  snbstanfli 
thalamus,  lies  beloiw  and  mesial  to  the  external  g-eniculato  body  and 
inferiorly  and  on  its  inner  side  the  brachium  of  the  lower  qnAdzigemmil 
which  dips  underneath  it.    Externally  and  in  front  fibres  pas  oat  txm 
join  the  optic  tract.    It  is  believed  that  these  fibres  are  of  comnuisiail 
and  are  not  continued  into  the  optic  nerve,  for  they,  as    well  as  t^] 
geniculate  body,  remain  unaffected  by  extirpation  of  the  opposite  eye. 

Subthalamic  teE^ental  re^on.— The  prolong-ation  of  the  tegmentm 
the  posterior  part  of  tho  thalamns  is  divideii  by  Forel  into   three  layeEt 
are  uamed  res|>ectively  from  above  down,  the  stratum  dorsale,  the 
and  the  coipus  subthalamicnm  (fig.  2U1,  «.  t*  r.^  1,  2,  3)*  The  latt-eris  bonnded 
by  a  continuation  of  the  Bubstaatia  nigm,  aeparating  it  from  the  prolooj 
the  crusta^  the  fibres  of  which  are  seen  diverging  at  the  side  of  the 
te^^nental  region  into  the  inner  capsule.    The  dor  ml  hiyer  consists  chid^d 
longitudinal  fibres — ^prolonged  from  the  posterior  longitudinal  bundle 
to  Meynert^  from  the  fibres  enclosing  the   tegmental  nucleus   (deriv«d 
fore   from  the  soperior  cerebellar  peduncles)  according  to  Forel.     It  : 
tinuouB  latemlly  with  the  latticed  layer  and  external  medullary  humsi 
tlialamus,  into  which  some  of  its  fibres  pass,  whilst  others,   conrong 
the  zona  incerta,  enter  partly  the  inner  capsule,   and   partly  th« 
innominata,  joining  a  tract  which  leads  to  the  lenticular  nncleos  of 
striatum. 

The  zona  in^erta  is  a    ix?ticular   formation    prolonged    from  thai  of 
mesencephalon  ;  it  passes  anteiiorly  into  the  substantia  innominata. 

The  corpus  tubthalamkum  is  a  well-marked  brown  etiatnin  of  gr^  mitt«r 
taining  numerous  pigmented  nerve-celLs.    It  is  lens-ahaped  in  section,  and  kii 
enclosiug  envelope  of  white  substance,  throi^gh  which  strands  of  fine  fihw 
from  the  interior  of  the  body  mc$«ially  towards  the  posterior  perforated  lia 
and  outwards  and  downwards  into  the  cmsta*    Thia  stratom  in  dfurtanft  oalf| 
the  Primates. 

The  pineal  body  or  gland  (conariom)  (fig.  289  Cn^  fi^.  200,|rXi 
leddlsh  body  of  about  the  size  of  a  small  cherry-etone,  and  is  nam^  f 
its  supposed  resemblance  in  shape  to  a  fir-cone.  It  is  connected  with  i 
posterior  part  of  the  third  ventricle,  projecting  backwards  and  do«i* 
wards  between  the  superior  pair  of  corpora  quadrigemina.  It  is  atUcM 
bj  a  broad  but  flattened  efcaik  which  is  sepamted  by  the  recess  of  ^ 
ventriole  before  mentioned  (p.  321)  into  an  upper  and  under  poftiaii«iil^ 
latter  of  which  cm^es  downwards  and  passes  below  into  the  postcM 
commissure,  while  the  upper  portion  extends  on  cither  side  along  kk 
ridge-like  junction  of  the  upper  and  mesial  surfaces  of  the  thalaroo$tf 
the  medullary  stria  or  peduncle  of  the  gland  (fig.  290>  »p,)  Ai  *ta 
sides  the  stalk  passes  into  the  trigonum  habenulse.     The  pia 
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h  inrests  the  mesencephalon,  covers  the  pineal  gland  with  a  special 
■nent  before  being  prolonged  as  the  velom  interpositum  over  the 
,:  Tentricle  and  thSamus ;  and  the  gland  is  liable  to  be  torn  away 
iKmng  the  pia  mater. 

■ik3x>scopio  stmctnie  the  pineal  gland  somewhat  resembles  the  anterior 
rthe  pituitary  body.  It  is  similarly  composed  of  a  number  of  hoUow  follicles 
iDIj  spherical,  but  in  some  cases  tubular,  separated  from  one  another  by  in- 
hs  of  connective  tLasue.  The  follicles  are  almost  filled  with  epithelial 
pBd  often  contain,  besides  coi-pora  amylacea,  much  gritty  calcareous 
f  (moervnlns  cerebri,  brain  sand),  composed  of  microscopic  particles,  aggre- 
fanto  maases  and  formed  of  earthy  salts  (phosphate  and  carbonate  of  lime, 
m   little  phosphate  of  magnesia  and  ammonia)  combined  with  animal 

flabolouB  matter  is  frequently  found  on  the  outside  of  the  pineal  body,  or 
tflfiosited  upon  its  peduncles.  It  is  f oxmd  also  in  the  choroid  plexuses ;  and 
Battered  form  occurs  in  other  parts  of  the  membranes  of  the  brain.  It  is 
at  mil  ages,  frequently  in  young  children,  and  sometimes  even  in  the  foetus. 
not,  therefore  be  reguded  as  the  product  of  disease.  Huschke  has  pointed 
mt  the  pineal  body  is  larger  in  the  child  and  the  female  than  in  the  adult 
In  the  brains  of  other  mammals  it  is  proportionally  larger  than  in  the 
B  sabject,  and  less  loaded  with  brain  sand.  The  pineal  body  is  developed 
ally  as  a  hoUow  outgrowth  from  that  part  of  the  embryonic  brain  which 
raidB  forms  the  third  ventricle ;  the  diverticulum  becoming  subsequently 
f  from  the  ventricle,  and  undergoing  ramification  to  form  tubes  which  are 
wwcds  separated  for  the  most  part  into  isolated  vesicles. 

IB  posterior  perfiorated  space  (locus  pcrforatus  posticus)  (fii 
X  )  is  a  deep  fossa  at  the  base  of  the  brain,  at  the  bottom  of  whicl 
ejiflh  matter,  connecting  the  diverging  crura.  It  is  perforated  by 
Kous  small  openings  for  the  passage  of  blood-vessels ;  and  some 
Kmtal  white  strias  usually  pass  out  of  the  grey  matter  and  turn 
d  the  peduncles  close  to  the  upper  border  of  the  pons  to  reach 
toally  the  medullary  centre  of  the  cerebellum  (icenia  ponits).  It 
iq^nds  posteriorly,  as  far  as  a  line  joining  the  anterior  borders  of 
third  nerves,  to  tne  floor  of  the  aqueduct  of  Sylvius,  but  in  front  of 
3  nerves  to  the  posterior  part  of  the  floor  of  the  third  ventricle.  In 
mj  matter  over  the  space  are  a  few  scattered  nerve-cells. 
be  eorporft  allncantia  or  manunillaria  (flg.  260,  a)  are  two 
d  white  eminences  in  front  of  this  fossa,  each  about  the  size  of  a 
1  pea,  connected  together  across  the  middle  line.  Each  corpus 
ana  contains  a  nucleus  of  grey  matter  concealed  within  its  superficial 
e  fibres. 

9  corpora  albicantia  are  formed,  as  wiU  hereafter  be  explained,  by  the 
ior  pQlars  of  the  fornix ;  hence  they  have  also  been  named  bulbs  of  the 
e.  In  most  vertebrate  animals  there  is  but  one  median  coipns  albicans  in 
cf  two. 

le  talMT  einereiuii  (figs.  260,  290,  /  c)  is  a  lamina  of  grey  matter 
tding  forwards  from  the  corpora  albicantia  to  the  optic  commissure,  to 
hit  is  attached.  It  forms  part  of  the  floor  of  the  third  ventricle.  In 
diddle  it  is  prolonged  forwards  and  downwards  into  a  hollow  conical 
M,  the  inftindilraliuii  (fig.  292, »),  to  the  extremity  of  which  is 
the  pituitary  body.  On  its  outer  side  close  to  the  optic  tract  is  a 
tion  of  grey  matter  with  nerve-cells,  termed  by  Meynert  the  basal 
ganglimj  from  which  fibres  arise  which  pass  to  the  optic  tract  and 
nerve  of  the  same  side. 


328 


THALAMEXCErHALON 


The  pituitary  body  or  hrjpophym  cerebri  (^g,  260,  26l,li»l 
292),  formerly  called  pituitary  gland,  from  its  being  erroneoodyi 
to  dischai^ge  pifmfa  into  the  nostrils,  is  a  small  reddish  grcyp 
somewhat  flattened  OTal  shape,  widest  in  the  transreraB  "  "^ 
occopjing  the  Bella  turcica  of  the  Bphenoid  bone.     Its  weiffhtl 
five  to  ten  graius.     It  coiusists  of  two  lol>es,  of  which  the  hum 
larger,  aod  concave  behind,  wiiere  it  embraces  the  smaller  poaei 

The  two  lobos  are  entlrelj  different,  both  in  their  stmctore  and  dei 
and  it  is  only  in  mammalB  that  tliej  oome  into  cloae  connexioti  with  cm 
The  jf^inttitwr  hfhff  is  developed  as  a  hollow  doi^Tigrowtli  of  the  pini 
cavity  of  the  embryonic  brain,  which  ofterwaids  becomea  the  third 
In  the  lower  vertebrates,  and  especially  in  fishes,  the  cells  which 
walla  become  converted  into  nerve-cella  and  fibres,  and  as  the  fobn*  i^Ui 
beoomes  an  integral  part  of  the  brain^    But  in  the  higher  yeitebr&tiS 

Fig,  292.  ^ 

Pig.  292. — Bi^ofTTAL  sicTioir  or  tbs  prmuii^ 

AMP  HfFUNDIBULUM  WITH  THB  AlfJOVftXQ  tJkBt 

3iu>  VESTBJC1.K  (Schwalbe). 

a,  anterior  tobe  ;  a\  a  projection  from  it  ( 
front  of  tKo  infundibtiliim,  i ;  h,  poetenor  lob«  c 
by  a  sol  id  stalk  with  the  iufondibulam ;  L  i 
cincrea ;  o^  right  optic  nerve  ;  ck^  aectkni  of  t 
r.  Of  recen  of  the  veatricle  abovo  tlie  < 
corpaa  maDumlliure. 

small  and  almost  undeveloped ;  its  cavity  is  obliterated,  and  all  nervooi^ 
liecomea  obacured  by  the  ingrowth  of  vessels  and  of  connective  Uaam  i 
now  solid  organ,  The  connective  tissue  forms  reticulating  bnndlei,  I 
which  occur  numerous  pprndle-sbaped  and  branched  cell8,  as  well  i 
larger  corpuscles  containing  pigment-graBules  in  their  protoplasm. 
remains  of  the  original  hollow  arc  s^n  in  the  form  of  a  cavity  lined  by  0 
ciliated  cells, 

Tho  anferior  lobe,  darker  in  colour  than  the  posterior,  is  developed  ii  i 
prolongation  from  the  ectoderm  of  the  buccal  cavity,  with  which  it  i«^ 
originally  in  connection,  although  it  eoon  becomes  separated  by  the  | 
intervening  tisane.    In  the  adxdt  it  is  constituted  by  a  large  number  of  i 
convoluted  tubules  or  alveoli,  similar  to  those  of  a  secreting  gland, 
manner  lined  by  epithelium,  which  in  some  cases  fills  up  the  tubule, 
are  united  by  connective  tissue.  w*hich  is  e.«i)ecially  abundant  In  the  i 
hood  of  the  larger  blood- vesseb,  and  also  forms  a  sort  of  capisule  to  the  ^ 
Moreover,  portions  of  the  tubules  are  frequently  cut  off  by  the  ccmnectiTttii 
so  aa  to  form  isolated  vesicles.    The  outer  layer  of  epithelium  is  oolnmiiir;  I 
in  some  of  the  hirgcr  tubea,  especially  those  next  to  the  posterior  lobe,  cfliii 
be  detected  on  the  cclk.    The  blood-vessels  are  numerous,  and  the 
form  a  close  network  around  the  walls  of  the  tubules.     The  lyitipliatiGi«l| 
organ  originate  in  cleft-like  spaces  between  the  tubules  and  pass  to  a  ne 
the  capyiik*.    In  it>^  microscopic  structure  the  anterior  lobe  of  the  pitnitaiT'  \ 
approach^  closely  that  of  the  thyroid  body,  the  vesicles  of  which  are  als^  <  ' 
ahy  a  network  of  anastomosing  tubules,  and  in  some  animals  remain  thium^^ 
life  in  this  condition.    Moreover,  a  colloid  substance  Hke  that  in  th«  ll^fn^ 
vesicles,  is  found  sometimes  in  the  alveoli  of  the  anterior  lobe  of  the  bypcfk?*^ 

Tlie  optic  coxnmisaiire,  or  chiastmt  {fig.  260),  is  oonstitatcd  bjik 

union  of  tlie  two  optic  tracts  in  front  of  the  tuber  cinereum,  and  from  ft 
the  two  optic  nerves  proceed.  In  it  the  nerve-fibres  of  the  tiro  fld« 
undergo  a  decussation.  Their  arrangement  in  the  decussation  wfll  be 
more  fully  considered  when  the  origin  of  the  optic  nen^e  is  daKsibeiL 
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Each  cerebral  hemisphere  has  an  outer,  convex  surface^  in 
with  the  Taulfc  of  the  cranium  ;  an  inner  or  median,  flat  enrfitoevl 
forms  one  side  of  the  longitudinal  fissure  ;   and  an  irregular  i}iider| 
face,  in  which  is  a  deep  cleft,  the  fissure  of  Syhius,     In  fnmt  of  1 
clefb  the  under  surface  rests  iti  the  anterior  fossa  of  the  base  « ji  iht  T 
and  behind  it  in  the  middle  fossa,  and  farther  backstUl,  on  the  I 
ccrebclli. 

The  great  longitndiiiai  fissnre  (fig.  29S,  /  /),  eoen  upon 
surface  of  the  brain,  extends  from  before  backwards  throughout  fA 
leng;th  in  the  mtdian  plane,  and  thuB  eeparates  the  ccrebrtun,  i 
stated,  into  a  right  and  left  lieniis])beix\     On  op^niog  thi«  f 
seen,  both  before  and  behind,  to  piiss  quite  through  to  the 
oerebram  ;  but  in  the  middle  ii  is  interrupted  by  a  large  trat 
of  white  substance,  named  the  corpus  raliosum  or  great 
whicli  connects  tlie  two  hemispheres  togetlicr.     AYliOc  the  brain  bl 
the  skull ,  this  fissure  is  occupied  by  a  vertical  process  of  the  doAi 
— ^the  fak  cercl>ri — ^ which  dips  down  between  the  two  hemi'  "" 
quite  reaching  to  the  corpus  callosum  in  front  but  touching  it' 

At  a  short  distance  beneath  the  anterior  recurved  end  of  the  \ 
callosum  and  outwards  from  the  lamina  cinerca  there  is  seen  at  the! 
of  each  hcmmphere  the  anterior  perforated  space  (loctis 
anticus),  a  deprcssion  near  the  entrance  of  the  ISylvian  fissure, 
with  grej  matter,  and  pierced  with  a  multitude  of  small  holes  for] 
passage  of  blood-vessels,  most  of  whicli  are  destined  for  the 
striatum,  beneath  which  it  lies,  and  which  here  comes  to  the  i 

The  gKj  Borfaco  of  each  perforated  epace  is  croes(»d  by  ft  broad  vhHe  I 
which  mny  be  traced  from  the  corpus  oollofluiii,  bihckwaidt  and  oaiwiidtl 
the  »Mg  of  the  lamina  cincrea  tow&idB  the  entrauoe  of  the  8jlfi«ft 
These  bands  of  the  two  ^idea  ore  named  ihe  jfedunelei  qftke  earjntM  e^lt 

The  surface  of  the  hemispheres  is  composed  of  grey  maUfl^  1 
is  moulded  tuto  numerous  siiiootb  and  tortnona  eminencet^  tuu 
rohdmis  or  ^//rr,  which  are  marked  off  from  each  other  hj  fur 
sulci  of  varying  depth. 

The  con  volutions  arc  corered  closely  thronghont  by  llie 
investing  membrane,  the  pia  mater,  which  sends  prooeeaee  down  M| 
bottom  of  the  sulci  between  them,  while  the  arachnoid  membnaae^ 
from  one  convolution  to  anotber,  mthout  dipping;  between  tlicm. 
general,  the  depth  of  a  convolntion  exceeds  its  thickness  ;  mud  iiMi' 
ness,  near  the  summit,  is  somewhat  greater  than  through  its  beer. 
convolutions  present  considerable  variations  of  positron,  dircctitjtt 
complexity  in  the  brain  of  different  individuals,  and  even  in  tlic  I 
sides  of  the  same  brain. 


Since  the  exteraal  grey  or  cortical  enbetanee  U  continuotu  OTtr  Ibe 
surfaoe  of  the  cerebnd  hembphf^xefl,  being  found  alike  within  the  talei  eni 
the  gjHf  it  Ib  obYious  that  Sk  far  greater  extent  of  grej  matter  Is  tbos  i 
the  Taecnlor  rarfooe  of  the  piu.  muter  with  ft  given  eiie  of  the  \fndtt, 
hftve  been  the  cafte  had  the  hcmiflpheres  been  plain  and  deetitiite  of  ooftr 

Tlie  snlci  between  the  conTolntions  are  generally  fVom  half  aa  todlf 
an  inch  in  depth,  but  vary  in  this  respect  both  in  different  hmiiis  i 
different  parts  of  the  same  brain.   In  general  certain  weU-nuirfaed  T 
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ThE  furrow  of  Roland  or  emiral  sukm  (fig*  2^^  /- J^tf 
293,  r),  extends  across  the  lateml  convex  surface  of  the  hmS^' 
terrupting  the  general  lon^tudinal  coarse  of  the  gjii  and  i 
commencefl  above,  near  the  vertex,  close  to  the  great  Io^imtiii£] 
and  poss^  downwards  and  forwards  to  end  a  Little  beMndliiel 
of  the  fissure  of  Syhius^  Into  the  posterior  limb  of  which  it  i 
bnt  very  raratj  opens.    Its  position  and  direction  are  soch  i 
fissures  of  the  two  sides,  seen  flx^m  above,  form  a  wide  Y'€haped  | 
open  in  ^nt.    It  is  rarely  interrupt^  in  its  e^nrse^  appeui  i 
fcBtal  life  (end  of  the  fifth  month),  and  is  very  uniform  m  naa 
tho  Qnailnimana  of  the  old  world,  but  is  not  present  in  manuni&ll 
rally.    It  is  apparently  caused  by  a  veuous  commuoication 
superior  longitudinal  sinus  and  the  middle  cerebral  vein,  wMoh  J 
marked  in  the  fa^tus  from  the  fonrth  to  the  sixth  month,  but  i 
becomes  atrophied  (W.  Krause). 

This  f unow  separates  the  frontal  from  the  parietal  lobe.    The  ] 
convoltitious  wliich  bound  it  are  named  respectively   the 
frontal  and  ascending  parietal  convolutions. 

It  k  in  the  imtaediate  neighboarliood  of  thii  Bulcms  thM  the  duef  d  1 
e&Red  motor  ux^m  g£  the  cerebml  cortax  ara  iitn&teiL 

Fig.  294. 
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K&  2fi4,— Coi^oLiTTKufi  OF  ocTii  inftFAc*  or  RtoHT  nxvxiPBKiiE.     Wmxm  I  IBMJ' 

{^axvdLiTTKD  BuMurEA^  iLftAi^.    Aboiit  lialf  ths  imtiu^  «ize  (W.  E.  Qa««n^ 

The  opiiToIuiioTiB  are,  for  tho  most  part,  indicaieil  hy  Bomui,  tLe  furnwi  l^  Idi 
lettciE.  Tho  duttcd  lines  indicate  the  dtTiAians  into  lubes,  th^  immeB  of  wbidl  m  fNn 
in  fnU  at  the  roargiii  *>f  the  hemUpberc.  /  Tia,,  funow  of  Kolando  ;  jaar.-oc,/,^  |«i^ 
occipital  fiiiwirc  ;  /,  %*  a.,  anterior  limh^  and  f.  Sy.  p.,  piialerior  limb,  of  iheimmd 
SylviuB  :  hJtx.,  tnJr.c,  i.fr.c,  superior,  middle,  and  inferior  Irontal  txmw^^mi 
asc.fr.c,  ascending  ditto  ;  asc.i>ar.c.,  ascending  parietal  convolution  ;  sup.pttr.l.,  mftOK 
liarietal  lobule  ;  s.m.c,  supra-marginal  convolution  ;  ang.c,  angular  oonvoIiiftkB ;  ^ 
par.  /.,  intra-iwirictal  furrow  ;  s.oc.c,  m.oc.c.,  Loc.c.,  superior,  middle.  Mid  iafH^ 
occipital  convolutions;  p.  n.  iint-occipital  notch;  8.t.-s.c.,  in.t.-8.c.,  i.t.^c.,  nvr^, 
middle,  and  inferior  t^mporo-sphcnoidal  convolutions  pU.f.,  parallel  farrow ;  a\  a*,«*i^ 
first,  second,  third  and  fourth  annectant  convolution ;  o.  L.,  within  \h»  fiamn  of  BsMtk 
central  lobe,  or  Ishmd  of  Keil. 
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therefore,  prominent ;  but  it  becomes  gradnallj  covered  in  b; 
of  the  hemisphere  which  are  subsequently  developed. 

Ol&ctory  lobe. — From  the  front  of  the  anterior  perfi 
a  nerve-like  process  extends — the  olfactory  tract  (fig.  296,  d 
lodged  in  a  hollow  (olfactory  sulcus)  in  the  under  (orbital) 
the  frontal  lobe  of  the  cerebral  hemisphere,  close  to  the  i 
fissure.  It  ends  in  front  in  an  ovd  swelling — the  ol& 
which  consists  chiefly  of  grev  substance,  and  gives  origin  t< 
nerves  which  proceed,  through  the  foramina  of  the  ethmoid  1 
nose.  Traced  backwards,  the  olfactory  tract  bifurcates  nea 
of  the  anterior  perforated  space,  and  is  continued  into  tw 
white  bands  or  striae,  which  are  known  as  its  roots.     The 


Fig.  296. 


Fig.    296. — Orbital    sv&i 

FRONTAL    LOBS,    AJTD  ULt 

Natural  aize.    (Tamer). 

The  island  (l.JL)la ezpoi 
of  the  apex  .'\f  the  temp 
lobe.  T.S.,  cat  ridge  o 
a.p.8.,  anterior  perfoimtod  i 
p,8.R.f  anterior  and  port 
sulci  of  the  island ;  cp, 
the  island,  tr.s,^  tri-n 
Lo.c.f  a.o.c.f  and  p.o.c, 
terior,  and  posterior  orb 
tions ;  olf.s.y  end  of  the  <dfi 
olf.tr.  ^  olfactory  tracts  bi 
hind  into  the  two  roots  iam 
tn,  middle  root  or  tuber  cdfi 


passes,  as  a  white  8 
wards  and  backwards 
anterior  margin  of  die 
space,  towaras  the  & 
sure,  where  it  disap] 
the  surfeoe.  The  i 
passes  obliquely  inwa 
side  of  the  great  \\ 
fissure  between  the  b 
Between  the  two  re 
angular  area  of  grey 
enclosed,  which  is  continuous  behind  with  the  grey  mat 
anterior  perforated  lamina.  The  area  in  question  forms  1 
a  small  pyramidal  lobule,  named  the  tuber  oJfaciorium,  w 
ceived  into  a  corresponding  depression  on  the  under  sm* 
frontal  lobe,  with  the  grey  cortex  of  which  it  is  conti 
is  composed  of  white  substance  internally,  which  is  in 
above  with  that  of  the  frontal  lobe,  and  anteriorly  with  th 
tract. 

This  olfactory  tubercle  is  often  described  as  the  middle  or  ^irj 
olfactory  tract :  and  white  fibres  are  sometimes  prolonged  from  that  i 
fiurf ace  and  pass  to  the  anterior  perforated  lamina. 

The  Frontal  Lobe  is  the  portion  of  the  brain  in  front  of 
of  fiolando,  and  above  and  in  front  of  the  fissure  of  Sylviii 
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snrface  there   is  no  corresponding  demarcation,  unless   the 

-marginal  furrow  is  regarded  as  forming  a  boundary  to  the  lobe 

suHace.    The  inferior  surface  of  the  frontal  lobe,  which  is  in 

r  with  the  orbital  plate,  is  called  the  orbital  surface ;  the  upper 

,  aspect  is  tiiefranial  starfaee. 

olutions  ana  furrows  on  the  frontal  surface. — The  convolu- 

*  the  frontal  lobe  on  the  frontal  surface,  are  four  in  number,  three 

hpoBterior,  one  above  the  other,  and  one  transverse  behind  them. 

i  transverse  or  ascending  frontal  convolution  (fig.  294,  asc.  fr.  c.,fig. 

(anterior  central  convolution)  is  placed  in  front  of  the  furrow 

io,  which  it  thus  bounds.    Below,  it  commences  a  httle  behind 

ation  of  the  fissure  of  Sylvius,  and  thence  courses  upwards  and 

Ifttards  to  the  margin  of  the  great  longitudinal  fissure.    Its  prolonga- 

~  ^im  the  median  surf  ace  of  the  hemisphere  forms  part  of  the  paracentral 

Te.    It  is  commonly  connected  above,  and  almost  invariably  below, 

k  the  convolution  (ascending  parietal)  behind  the  furrow  of  Kolando, 

i  that  sulcus  is  isolated. 

be  portion  of  the  frontal  sur&ce  anterior  to  this  convolution  is 

pfed  l^  complex  gyri  running  more  or  less  in  an  antero-posterior 

ion,  and  usually  to  be  distinguished  into  three,  an  upper,  middle, 

I  lower.    These  arc  generally  continuous  superficially  with  the  ascend* 

frontal ;  and  they  are  usually  in  their  course  connected  one  witli 

by  secondary  convolutions.    They  are  as  follows  : — 

stmerior  frontal  convolution  (s.  fr.  c),  situated  at  the  margin  of 

I  great  longitudinal  fissure,  conmiences  generally  at  the  uppr  end  of 

ascending  frontal,  and  extends  to  the  anterior  extremity  of  the 

lisphere,  where  it  passes  over  to  the  orbital  surface  and  becomes  the 

PkRKier  convolution.    The  inner  aspect  of  this  convolution  appears  on  the 

gi^dian  surface  of  the  hemisphere,  where  it  is  known  as  the  marginal 

pBiWrolution.* 

^     The  middle  frontal  convolution  (m.  fr.  c.)  arises  deeply  or  superficially 

Jt^an  the  ascending  frontal  below  the  last,  aud  running  forwards  turns 

I^^Mmd  the  margin  of  the  lobe  to  become  continuous  with  the  middle 

^^^bitaL     It  is  usually  broad,  and  often  much  subdivided. 

The  inferiar  fronial  convolution  (i.  fr.  c.)  forms  the  lower  and  outer 
iNxrtion  of  the  frontal  lobe.  It  arises  from  the  lower  extremity  of 
^4ie  ascending  convolution,  just  above  the  bifurcation  of  the  fissure 
tif  Sylvius,  arches  round  the  ascending  limb  of  that  fissure,  and 
passes  on  to  the  inferior  surface  of  the  hemisphere,  as  the  posterior 
orbital  gyms. 

The  transverse  frontal  furrow  (JLr,  fr,)  (praecentral  sulcus)  lies  in 
front  of  the  ascending  frontal  convolution,  and  parallel  to  the  lower  half 
of  the  fnrrow  of  Rolando.  Its  extent  depends  on  the  mode  of  origin  of 
the  middle  and  inferior  frontal  convolutions  from  the  ascending  frontal. 
When  theae  arise  superficially  the  furrow  is  interrupted,  and  may  be 
inoonspicoftus  ;  when  the  inferior  frontal  convolution  arises  deeply,  this 
farrow  is  continuous  with  the  fissure  of  Sylvius,  and  it  has,  in  con- 
seqnence,  ocen  regarded  as  the  prolongation  of  the  ascending  Ihnb  of 
that  fisBOiB. 
Two  mlerO'posterior  sulci,  the  superior  and  inferior  frontal,  separate 

*  It  wi]ll>e  conrenient  to  defer  the  complete  description  of  the  ooiiTolatioiii  which 
ftTpear  oo  #e  median  ntrfMe^  nntU  that  Borfice  ia  contidered  as  a  whole. 
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the  corresponding  convolntions  from  the  middle  frontal :  tbeji 
very  irregular,  being  bridged  over  by  secondary  convolntioiu. 

Convolutions  and  furrows  on  the  orbital  surface  (fig.  29ff 
orhiial  or  in-radiafe  sulcus  lies  in  the  centre  of  this  sniface  of  ttel 
and  usually  has  three  arms,  one  passing  forwards,  one  cmriiig  < 
and  anoliier  backwards  and  inwards. 

Three  convolutions  are  described  as  lying  around  the  orbital  i 
and  named  according  to  their  position,  the  itwer,  the  anferwr,m 
posterior  or  ouier.     The  last  of  these  is  continuous  at  the  side  wiik| 
inferior  frontal,  the  first  and  second  are  the  continuations  of  the  i 
and  middle  frontal  convolutions. 

On  the  inner  gyrus  is  seen  the  olfactory  sulcus  in  'which  the  i 
tract  and  bulb  lie.    It  has  a  straight  course  pai*allel  with  and  ni 
great  longitudinal  fissure. 

The  Parietal  lK)be  lies  behind  the  frontal  and  in   front 
occipital  lobe.    The  temporo-si)henoidal  lobe  is  below  it.    It  is  1 
in  front  by  the  sulcus  of  Rolando,   behind  by  the  parieb 
fissure,  and  by  a  continuation  of  the  line  of  that  fissure  to  the  1 
boundary.    It  is  limited  by  the  posterior  limb  of  the  fissure  of  f 
as  far  as  this  preserves  its  horizontal  direction,  and  then  hj  i 
continuing  that  direction  to  the  posterior  boundary,  but  aborc  i 
mesially  it  extends  within  the  great  longitudinal  fissure  and  q^pentj 
the  inner  side  of  the  hemisphere. 

Sulci  and  gyri  of  the  parietal  lobe. — The  intraparieial  siilc\ii[^ 
294,  int.  2?(tr.  /.)  arches  through  the  parietal  lobe,  commenciogi 

its  anterior  inferior  angle,  where  it  is  sometimes,  though  nu^,  ofl 

tinuous  with  the  fissure  of  Sylvius.    It  ascends  at  first  paraUdtod^^ 
farrow  of  Rolando,  and  then  turns  backwards  horizontal^  to  the  1 
of  the  lobe,  extending  nearly  to  the  termination  of  the  external  pin 
occipital  fissure,  past  which  it  is  often  continued  into  the  occipitilUi] 
Its  norizontal  portion  divides  the  parietal  lobe  into  two  parti,  At 
superior  and  inferior  parietal  lobules,  and  it  is  frequently  bridged  i 
by  a  secondary  convolution  connecting  those  lobules. 

The  ascending  parietal  (or  posterior  central)  convolution  (fig.  298,  B^B^ 
fig.  294,  asc.  par.  c.)  lies  behind  the  sulcus  of  Rolando,  and  puallel  to  tb 
ascending  frontal  convolution,  with  which  it  is  usually  continuons,  bfl4 
above  and  below,  the  connection  below  being  larger  than  that  iboro, 
In  its  lower  half  the  ascending  ])arietal  convolution  lies  in  front  of  the 
anterior  part  of  the  intraparietal  sulcus.  Above,  it  is  continuous  widk 
the  superior  parietal  convolution. 

The  superior  parietal  convolution  or  lobule  (fig.  294,  sup.  par.l.)  is  tW 
part  of  the  parietal  lobe  which  lies  above  the  intraparietal  sulcns,  vA 
behind  the  upper  part  of  the  last  described  convolution,  from  which  it  is 
imperfectly  se[>arated  by  a  slightly  marked  gi-oove  (postcentral  sulcns) 
which  is  sometimes  a  branch  of  the  intraparietal.  Its  posteiicc 
limit  is  the  boundary  of  the  parietal  lobe,  viz.,  the  external  parieto- 
occipital fissure,  outside  the  extremity  of  which  a  narrow  (X)nvolutiaD 
usually  connects  this  lobule  with  the  occiiutal  lolx%  and  is  termed  die 
first  connecting  or  Mnuoctant  convolution.  The  superior  parietal  is  con- 
tinuous on  the  mesial  surface  of  the  hemisphere  with  the  quadrate  lobule. 

The  inferior  lyaritiul  lolnde  lies  behind  the  ascending  and.  below  the 
horizontal  part  of  the  intrai)ari(.'tal  sulcus.  It  is  divided  into  two.i 
Bupramarginal  gyrus,  above  and  in  front  of  the  cxtrcmi,ty  rf  the 


EXTEBNAL  CONFOEMATION.  S87 

fiaBore,  and  an  angular  gyrus  behind  it.  The  suprarruxrginal 
km  (s.m.a)  lies  behind  the  lower  end  of  the  intraparietal  sulcus, 

which  it  is  nsnaUy  continuous  with  the  ascending  parietal 
don.  It  arches  over  the  upturned  extremity  of  the  fissure  of 
and  becomes  continuous  with  the  superior  temporo-sphenoidal 
ion.  The  angular  gyrus  (ang.  c.)  is  connected  in  front  with 
nunarginal,  bends  over  the  end  of  the  parallel  sulcus,  and  is 
id  downwards  into  the  middle  temporo-sphenoidal  convolution. 
ft  is  connected  with  the  occipital  lobe  by  means  of  one  or  two 
and  third)  annectant  convolutions. 

Ooeipital  Lobe  of  pyramidal  shape,  lies  behind  the  parietal, 
us  with  its  rounded  apex  the  {yosterior  extremity  of  the  hemi- 

At  its  lower  and  fore  part,  it  is  continuous  with  the  temporo- 
lal  lobe.  It  occupies  the  superior  fossa  of  the  occipital  bone, 
B  on  the  tentorium.   Its  limits  are  in  some  degree  artificial.    In 

is  bounded  b^  the  external  parieto-occipital  fissure,  and  by  a 
itinning  the  durection  of  the  fissure  across  the  annectant  con- 
£  to  meet  the  inferior  boundary  of  the  parietal  lobe,  and  thence 
sd  to  Uie  lower  edge  of  the  external  surface  of  the  hemisphere 
Ulterior  edge  of  the  tentorium.  There  is  generally  a  notch 
sipital  notch,  fig.  294,  p.  n.)  at  this  lower  border,  and  a  curved 
ending  firom  this  notch  to  the  parieto-occipital  fissure,  would 
r  ihe  lobe  externally,  often  coinciding  for  a  short  distance  with 
[ue  furrow  which  may  be  found  running  between  it  and  the 
-q>henoidal  lobe. 

dations  and  furrows  of  the  occipital  lobe. — On  the  dorsal  sur- 
ee  convolutions  are  commonly  described,  superiar,  middle,  and 
(fie.  294).  They  are  continuous  with  the  convolutions  of  the 
and  temporo-sphenoidtd  lobes  by  the  fom  annectant  or  connecting 
ions,  of  which  the  first,  passing  round  the  extremity,  or  in  rare 
eply  across  the  bottom,  of  the  external  parieto-occipital  fissure, 
I  the  superior  occipital  convolution  with  the  superior  parietal 
lie  Siiond  unites  the  middle  occipital  and  angular  convolutions, 
d  connects  the  middle  occipital  with  the  lower  end  of  the 
or  the  middle  temporo-sphenoidal,  and  the  fourth  connects  the 
oocjpital  with  the  inferior  temporo-sphenoidal  convolution  (a\ 
).  The  three  occipital  convolutions  are  separated  by  two  fiir- 
le  superior  and  middle  occijntal,  of  which  the  superior  is  often 
>08  with  the  intraparietal.   There  is  also  generally  a  small  groove 

ontwsurds  across  the  upper  mrt  of  the  occipital  lobe  a  little 
he  parieto-occipital  fissure.  This  is  named  the  transverse  occi- 
cus,  and  represents  the  outer  portion  of  the  external  perpendicular 
f  tibe  ape's  brain. 

e  lateral  edge  of  the  lobe  is  another  furrow,  the  inferior  occipital, 
erves  to  separate  the  inferior  occipital  convolution  from  the 
-temporal  on  the  under  surface  of  the  lobe.  The  superior 
I  convolution  on  the  other  hand  has  no  sulcus  bounding  it  at  the 
dge  of  the  hemisphere,  but  passes  continuously  into  the  cuneate 
a  the  mesial  surface. 
16  mesial  (under)  surface  of  the  occipitid  lobe  are  the  posterior 

the  occipito-temporal  convolutions,  which,  as  well  as  the  furrows 
them,  will  be  described  with  the  convolutions  of  the  inner 
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The  IcngitadinBl  ^eootiB  einiia  in  pae^g  downwaids  csaiifles  in  i 
the  pOBteriot  surf aoe  of  the  occipital  lobe,  at  the  mesial  border  (" 
impreesion  is  generally  fonnd  on  the  right  Bide,  but  80inetiixie»  on  t^li 

The  Temporo-sphenoidal  lolie  is  bounded  in  front  and  i 
the  commencement  and  posterior  limb  of  the  fissure  of  Sjlving. 
it  is  confcinaous  ivitb  the  occipital  lobe,  and  above  with  put  * 
parietal  lobe.    It  is  somewhat  pyramidal  in  shape,  having  three ! 
m.,  lateral,  superior  and  inferior,  the  last  concealed  withiD  tb 
of  Sylvius,    The  rounded  apex  of  the  pyramid  is  free,  and  heat 
beneath  the  orbital  surface  of  the  frontaJ  lobe  from  which  it  is  i 
by  the  broad  commencement  of  the  Sylvian  fissure. 

Sulci  and  gyri   of  the   temporo-sphenoidal   lobe. — The 
face  of  this  lobe  is  marked  by  two  or  three  transverse 
(Heschl).     On  the  lateral  and  uuder  surfaces  there  are  three! 
antero-post'Crior  direction.  The  first  or  superior  hmpora-sp/imoMM 
also  termed  from  its  relation  to  the  Sylvian  fissure  the  paralhl  \ 
{pltf,\\%  an  important  furrow,  appearing  in  the  sixth  month,  and  I 
constant  in  the  Primates.    It  is  sometimes  interrupted  by  a  im&Ili 
connecting  the  convolutiona  al>ove  and  below  it.    The  middk  i 
sphmoidal  stdws  nms  parallel  to  and  below  the  last  bat  is  1 
constant  in  extent  and  direction.     It  is  also  generally  interrapt^dl 
vertical  connecting  gyrus.    The  inferior  temporo-sphmoidal sukut  ill 
on  the  under  sarface  of  the  lobe  extending  behind  nearly  to  thtf 
occipital  notch* 

Three  nearly  parallel  convolutions  can  usually  be  distinguished  oil 
lateral  surface  of  this  lobe  ;  a  miperior  (inframarginai  {fig.  294,5 
bounding  below  the  posterior  limb  of  the  Sylvian  fissure,  and  contii 
behind  with  the  supraraarginal  and  to  a  less  extent  with  the  i 
convolution  of  the  parietal  lobe,  a  middle  (mA-&,c.)  continaooi  i 
the  angular  gyrus,  and  with  the  middle  occipital  convolution  by  i 
of  the  third  anneGtant  gyms,  and  an  inferior  (i.  t-s,  c.)  continuooii 
the  inferior  occipital  through  the  fourth  an  nee  taut  gyms. 

The  anterirT  parts  of  the  two  occipif4)- temporal  cofivolntions  (the  | 
terior  parts  of  which  belong  to  the  occipital  lobe)  are  seen  on  fliei 
or  mesial  surface  of  the  temporo-sphenoidal  lobe.     They  are 
by  the  collateral  fissure. 

Gyri  a.nd  sulci  on  the  mesial  amd  tentorial  snr&ees  of  i 
hemisphere  (iig.  297).  The  following  fuirows  and  convolutions  j 
seen  on  this  surface : — 

The  cakarim  fissure  (fig.  207*  calcf,)  commences  by  a  forked  ( 
near  the  posterior  extremity  of  the  hemisphere,  and  extends 
being  joined  about  halfway  in  its  course  by  the  internal  parieto-,^ 
to  terminate  a  short  distance  beneath  the  pasterior  extremity 
corpus  callostim.     It  corresponds  to  the  projection  of  the  bippoc 
minor  (calcar  avis)  in  the  posterior  comu  of  the  lateral  ventricle. 

lLht€alhso-7narginalstikv9{c.m.f.)coxmiiBJii:m  beneath  the  anterior 
extremity  of  the  corpus  calloflum,  jmd  courses  first  forwards,  thtn  up- 
waidfi,  and  then  backwards,  parallel  with  the  edge  of  the  longitodftiMl 
flsBOre ;  finally  it  turns  obliquely  or  vertically  upwards  to  end  at  Ihii 
pdge  a  short  distance  behind  the  upper  extremity  of  the  sulcus  of 
Rolando.  It  separates  the  marginal  convolution  firom  the  convolatioa  rf 
the  corpus  c^dlosum. 

The  kij^campai  or  dmitak fissure  (rf/)  commenoeB  within  the  i 
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Wkf  of  the  gynig  formcatns,  vhich  separates  it  from  the  end  of  the 
■he  fissure.  Thence  it  extends  downwards  and  forwards,  ending 
Bii  the  notch  of  the  nncinate  convolution.  This  fissure  corresponds  to 
ion  of  the  hippocampus  major  in  the  floor  of  the  lateral  ventricle. 
I  wUenuU  pariekhoecynial  fissure  (par-oc,f.)  is  a  large  and  deep 
k  which  extends  downwards  and  forwards  to  join  the  calcarine  fis- 
r  It  assists  the  calcarine  in  forming  the  projection  into  the  lateral 
'  \  known  as  the  calcar  avis. 
IC9220^a//£8«ur0(occipito-temporal,(^;/./.)is  so  named  firom  the  &ct 
ading  deeply  into  the  substance  of  the  hemisphere  it  projects  in 
iding  coma  of  the  lateral  ventricle  as  the  emmmtia  coVkteralis. 
hi  between  the  superior  and  inferior  occipito-temporal  convolutions. 
|b  eunBcUe  hhuls  (occipital  lobule)  is  a  wedgenshaped  area  lying  be- 
hihe  internal  parieto-ocoipital  and  the  calcarine  fissures.  As  already 
I  it  IB  the  mesial  part  of  the  superior  occipital  convolution. 


Kg.  297. 


4i(»arate.L 


Cimeate 


297. — CovYOLunoHs  or  thb  mesial  avd  tentorial  subfacks  of  the  rioht 
ommBB.  From  a  simply  oovyolutbd  Buropkae  braih.  About  luJf  the  natarai 
u     (Gowen.) 

r|F.  e.,  marginal  conToliitioii ;  g,  fom.^  gyrus  fomieatus  or  oonTolatioii  of  the 
I  caUosam ;  wnc.  c,  nndiiate  convolution  ;  t.  oc-Ump.  c,  inferior  occipito-temporal 
IsttoD  :  cL  c,  dentate  oonTolution ;  /.  Ito.,  depression  corresponding  to  the  upper 
witj  of  the  farrow  of  Bolando  ;  par.-oc.  /.,  parieto-oocipital  fissure  ;  ealc  /.,  oal- 
I  teore  ;  eoU.  /.,  collateral  fissure  ;  d,  /.,  dentate  fissure  ;  t.  h.,  t«nia  hippocampi. 

lie  quadrate  lobule  (praecuneus)  is  a  four-sided  area  lying  between 
internal  parieto-occipital  fissure  behind,  and  the  termination 
he  cftlloso-marginal  fissure  in  front.  It  is  variouslj  subdivided 
small  gyri,  and  is  continuous  above  \\ith  the  superior  parietal 
le^  and  below  with  the  gyrus  fomieatus.  The  quadrate  lobule 
igi  to  the  parietal  lobe  of  the  hemisphere. 

be  marpnaJ  convoltUian  (marg.  c.)  commences  in  firont  of  the  anterior 
mtedspot,  and  extends  along  the  edge  of  the  longitudinal  fissure  as 
B  the  termination  of  the  calloso-marginal  fissure  at  the  upper  margin 
lis  sorfiioe.  Over  this  margin  it  is  continuous  with  the  dorsal  part 
le  saperior  firontal  convolution,  and  with  the  continuation  of  this  on 
sbitai  snrfiBioe.    It  is  commonly  broken  up  by  secondary  sold,  one 
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of  whicli  oft^n  mnB  pjiralle!  to  part  of  the  cnlloso-margiiuilfl 
aecoiidaiy  convolutitiii  not  imcommooly  connects  it  with  the  ne 

The  conmhtiion  of  t/i^  corpus  miloittim  m  gynis  formtahu  (^, 
2J>7)»  commences  near  the  anterior  perforated  spot,  and,  torn: 
the  anterior  extremity  of  the  corpus  calloBiim,  runs  backwardi' 
upper  surface,  and  then,  bending  down  liehind  its  posterior  < 
hecoraeB  continuous  with  the  uncinate  convolution.  It  is  b 
front  and  Biij>eriorlj  for  about  two-thirds  of  its  extent  bj  th 
marginal  fissure.  Between  it  and  the  corpus  callosuna  is  a  w? 
^oove — the  furrow  of  the  o^^rpua  callosiim.  The  hinder  part  of 
foruicMus  IB  connected  above  with  the  quadrate  lobule,  and  j( 
the  uncinate  convolution. 

The  denkff  cammluhm  (fascia  dentata»  %•  297»  d  c,  fig,  f 
within  the  fissure  of  the  same  name.  It  is  so  termed  from  tt 
appearance  it  presents  in  its  lower  part.  It  here  forms  the  Ixi 
8upc?rficial  pfrey  matter  of  the  hemiBpbere,  for  immediat-ely  aboi 
white  fimbria  or  taenia  hi]>pocarapi  (/  h)  prolono^ed  from  the  f< 
above  this  a^ain  the  invagination  of  the  pia  mater  with  its 
plexus  into  the  lateral  ventricle  of  the  hemisphere.  Both  &sc 
and  fimbria  blend  in  front  with  the  uncns.  In  some  animals 
volution  is  much  better  developed  than  in  man,  in  whom  i 
parativelj  nidimentary 


Fig.  298. 


Fig.  298.— SvoTioir   or  nrj  uaar  sipfoc4i 

TO    SHOW  THE    iLRRA-lTaEllSXT    OW  TEM    ttftKf 

suuSTi^KoE  (from  Mayo), 

a,  wliite  layer  oq  the  surfjKie  of  the  hippoc 
iuQ  in  tho  fimbm  ;  A,  grcj  substance  of  the  hi] 
r,  foBCiA  dentata ;  c^i  nncinate  ootirolatton ;  bel 
d  denUte  fienure  ;  e,  plaoed  on  thR 
iKithln  the  cavity  of  iikB  latenl  Tentriole. 


The  superior  ocdpUo-Umporal  or  ww 

d  rohdwn  extends  forwards  from  near 

tenor  end  of  the  hemisphere  to  within  a  short  distancx?  of 
of  the  temporo-sphenoidal  lobe.  Anteriorly  it  is  l^nt  sharpl 
a  hook-like  extremity  (i/y^rwj?).  Beneath  the  posterior  extremi 
corpus  calloBum  this  convolution  is  joined  by  a  narrow  part  i 
of  the  {^ru8  fornicatus.  Above  are  the  hippocampal  and  cai< 
eures,  wliilfit  the  (XjUaternl  fissure  nms  below  it.  The  grey  mat 
auti-rior  half  of  this  gyms  is  covered  by  a  reticular  layer  of  n 
stance  derived  from  the  tienia  of  the  corpus  cJiilosum.  Tlie  { 
the  calcarine  fissure  is  sometimes  distinguished  by  the  niui 
lingiml  iobuk. 

The  inferior  occipto-iemporal  convolnUon  is  of  canstdenib 
extending  from  the  apex  of  the  temporo-sphenoidal  lobe  baci 
near  the  posterior  extremity  of  the  hemiBphere,  It  lies  be( 
collateral  fissure  and  the  inferior  temporo-splieaoidal  sulcus, 

liimblc  lobe.^Most  of  the  conTolutionB  on  the  inner  waxtmiy^  0I 
sphere  can  bo  referred  to  one  or  moie  of  the  lolje«  mwrked  out  on  ti 
or  dorsal  surf  ace.  But  tliis  is  not  the  case  with  the  gymfl  foniioftttui  1 
longiitioti  the  anterior  putt  of  the  uncinate  jgyrviB,  whioh  azc  for  tlu 
well  marked  oS  in  nearly  all  mammak  from  the  surroundings  oo&Tolit 


a 
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ih^r  rmmmtma  they  hmve  been  regarded  bj  Broca  as  ooiLstitatiiig  a 
19  <gf  the  li«niii|iliere  (gmnd  lobe  limbique). 

■riP  in^doded  in  tbiii  lobe  of  Broca  Schwalbo  addi  the  other  central 
m  mcBJal  ^traU  of  the  hemi&pbero,  viz,,  the  lamina  septi  lucid i  and  the 
ftwlatioii,  ma  well  as  the  fornix  which  may  be  said  to  imito  them  ; 
OB  thtmo  m»  representing  an  inner  encLrcEng-  convolution  concentric 
fwvm  tomicmtaa  and  imcinatuB,  and  naming  the  whole  lobe  thus  consti- 
*  fmlcxfcn-iii  lobeu*' 

kj  of  note  that  the  two  ends  of  the  limbic  lobe  of  Broea^  which  are 

I  ^  tine  deep  part  of  the  By  Irian  fiBsure,  are  indirectly  united  with  one 

f  ^  tike  roote  of  the  olfactory  tracts  so  that  the  olfactory  lobe,  of  which 

I  m  part,  I0  in  mtunate  connection  with  the  limbic  lobe.    Thk  counec- 

1^  more  ooiuFpiotioiia  in  anumalB, 


VW    l^mm    CBBMBRAI.   VIB8XJRZ8    AND    OONYOIjUTIQNS   TO    TB33 

OR&NIAIj  butubss. 

irelBlioti  was  first  determined  exactly  by  Broca,  and  subsequently 

uoe  extensively  mapped  out  by  Turner  and  Hefltler.     Broca 

^  plus  throDgh  the  cranium  at  |mrti€iilar  pcdnts  in  the  craoial 

md  noted  the  situation  of  the  chief  fissures  with  reference  to 

^  of  the  cerebral  Burface  pierced  by  the  pios.    Turner's  method 

in  carefoUy  removing  Bucoessiye  portions  or  regions  uf  the 

I  wall,  and  delineating  upon  the  removed  parts  the  fissures  which 

ka|ioaQd  by  ibcir  remo^aL 

Bi   important  facts  which  have  l»ecu   determined  by  these 

Fig.  299. 


*^\ 


X 


/ 


/ 


V 


Sif.t 


LfJ^ 


— Onvn  stOTCW   or  thr   skull,    with    thr   pohitio?^   o?  soxk  oj^   thm 

•AU  CKEXBUiL  inTici  MARKBD  UPOM  It  (from  ft  drawing  by  G,  D.  Tbanc),  \ 

\  Sf.&.^  Sjf.p.,  \U  anterior  and  posterior  limbs  ;  /,R»  furrow  of 

;  ^./r/.,  tnnsTCTW  frootsd  furrow  ;  i.par.f.,  intnAparietal  furrow;  p.a„  position 

fl^  ptfi«i»'«eeiiitta]   fmiat;  P^^J-     P&r^ii«l    furrow;  m,Ln.f,,   middle  icmpofo- 


^^BAl'  HKMI8PHERBB. 
,.,^^mre^  the  parieto-occipital  fissure,! 

^o^^^ff^^- ^tfi*— The  oommeiioement  of  this  neariyi 

^^  §f^^^JS^^^  unifceathe  anterior  inferior  angled 

^v^^^^'^^P^^^  ^^g  of  the  sphenoid.      From  thii  j 

^f^  J^«^.  IJ^'i^^  ^P  ^^^  *  ^^^  distance  nearly  parallel  im 

^la^^ti^'^^^m^^^^^^*  whilst  the  posterior  limb  runs  at  fintJ 

m  ^^  ^^^M  sqQ»®^^  suture,  but  afterwards,  as  this  arches  ' 

^  ^^^  ''^^■^"^'^  beyond  it,  curving  slightly  upwards  to¥ 

injtiif/''*L,*^^-oc«dpitftl  fiflwnre  generally  corresponds  to  thei_^ 
T/ff  j^^^bdoicial  fisaiire,  being  on  a  level  with  the  lambda  (seeT^  '— 

P-J^'gaiffUM  of  Sdaiido  runs  behind  the  coronal  suture,  but  i 
/wim  ifc  by  a  considerable  interval.    It  is  not  exactly  parallel  1 
^axe,  being  about  one  and  a  half  to  two  inches  from  it  abo^ 
'J^pi^^ing  nearly  to  a  distance  of  one  inch  from  it  towards  the  H 
eiia. 

fte  nsoal  position  of  seyeial  of  the  other  snlci  of  the  oater  surface  is  i 
jn  the  accompanying  figoro. 

INTBBNAIi   FABTS   OF   THII    GXBXBRAIi  HaMIBPHKBX& 

The  anatomy  of  the  interior  of  the  cerebrum  is  most  conv 
studied,  after  the  manner  of  Vieusscns  and  Vicq-d*Azyr,  by  ] 
Buccessive  portions  of  the  hemispheres  by  horizontal  sections,  I 
from  above. 

The  first  horizontal  section,  to  be  made  about  half  an  inch  aboTC  1 
corpus  callosum,  displays  the  internal  white  matter  of  each  he 
speckled  with  red  spots  where  its  blood-vessels  have  been  divid 
surrounded  on  all  sides  by  the  grey  matter,  which  is  seen  to  1 
closely  the  convoluted  surface.    This  white  central  mass  in  each  I 
sphere  was  named  by  Vicq-d'Azyr  centrum  ovale  minus. 

Another  section  being  made  at  the  level  of  the  corpus  callosaiii,ll 
white  substance  of  that  part  is  seen  to  be  continuous  ^ith  the  inb 
medullary  matter  of  both  hemispheres :  and  the  large  wrhite  me' 
mass  thus  displayed,  surrounded  by  the  border  of  cortical  substance,  oof 
stitutes  what  is  generally  described  as  the  centrum  ovale  of  Vteusam. 

The  coi^iui  callosum  or  great  commissure  (trabs  cerebri)  fe  1 
300),  a  white  structure  which  connects  the  two  hemispheres  thmp  I 
out  nearly  half  their  length,  approaches  closer  to  the  front  ul  \ 
the  back  of  the  hemispheres.  It  is  about  an  inch  in  width  behiil 
and  somewhat  narrower  in  front.  Its  thickness  is  greater  at  the  ok 
than  in  the  middle,  and  is  greatest  behind,  where  the  commissore  il 
nearly  half  an  inch  thick.  It  is  arched  from  before  backwards,  its  knM 
surface  being  concave  and  its  upper  surface  convex.  Its  upper  soriaoeil 
distinctly  marked  by  transverse  furrows,  which  indicate  the  direction  of 
the  greater  number  of  its  fibres.  It  is  also  marked  in  the  middle  by» 
longitudinal  furrow  {raphe),  which  is  bounded  by  two  white  tncli, 
placed  close  to  each  other,  named  the  mesial  longitudifuil  sfria  (fig- 
800,  3).  On  each  side,  near  the  margin,  are  seen  other  longitnfittl 
lines  {lateral  lomjiludinal  strim  or  iienia  tectce)  occasioned  by  scintf 
white  fibres,  which  form  part  of  a  larger  bundle  lying  in  the  sabstantt 
of  the  hemisphere. 
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it,  the  corpus  callosum  is  reflecfce^l  downwards  and  backwarda, 
I  bend  named  the  genu  (fig.  258).  The  inferiur  or  reflected 
rhich  ifl  named  tlie  rostrum^  becomes  gradually  narrower  as  it 
and  is  connected  with  the  lamina  cinerea.  It  gives  off  also 
iB  of  white  substance,  the  peduncles  of  the  corpus  callosum, 
i verging  from  one  another,  run  backwards  across  the  anterior 
I  space  on  each  side  to  the  entrance  of  the  Sylvian  fissure 
50).  These  peduneies  traced  upwards  aruimd  the  genu  are 
be  continued  into  the  mesial  longitudinal  strise,  which  pos- 
m  in  a  divergent  manner  into  the  occipital  lobes. 
,  the  corpus  callosum  terminates  in  a  free  thickened  border, 
e  splenium. 

ider  aturfiice  of  the  corpus  callosmn  is  connected  behind  with 
l^  a  atrocture  to  he  presently  described,  and  in  the  rest  of  its 
tb  the  aeptura  lucidum,  a  vertical  partition  between  the  two 
ntricles,  which  is  included  in  the  anterior  bend  of  the  corpus 
On  the  sides  the  corpus  callosum  roofs  in  the  body  and 
lomu  of  the  lateral  ventricles*  The  enlarged  posterior  part  or 
lies  over  the  mesencephalon,  with  pia  mater  between. 


Pig.  300, 


COTpOfl 

»  been 
led    U 


perrar- 


boiLid^ 


Kf  ittdB  iota  the  cerebminy  arching  over  the  side  of  the  kU*ml  ventricle  ;  5, 
tremitj  or  koee  of  the  corpus  callosum  \  6,  poeterior  extremity  ;  7,  anterior, 
krior  fibres  proceeding  from  the  corpus  callosum  into  the  frontal  anc!  ocetpital 
ftJTely  ;  9,  margin  of  the  swelling  ;  10,  Anterior  part  of  the  gyrus  fomicatua  ; 
betwo«n  the  oorpua  ca)lo«um  and  this  convolution  opened  out ;  outaide  12,  in 
i  qI  Ills  eilkso-muginil  fiBsun?,  &nd  before  13  Ib  the  piuieto-oocipital 
» of  tlw  eertbellujti 
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Altliongb  It  haa  n  few  longribudinal  wMte  fibres  on  its  Borfftoe,  tU  i 
caHosum  consists  almost  entirely  of  fibres  haying-  a   transvenae 
lipreiiding;  on  each  side  in  a  rn^Iiating  manner  into  tho  sabstanoe  of  1 
spheres.  The  greater  thiekneae  of  the  corpus  callosmn  at  its  anterior  an^  r-« 
extremities  than  in  the  intervening-  port  is  due  to  the  increased  k^,: 
the  fibres  in  the  two  former  situations,  and  the  greater  thickness  of  thr  ; 
extremity  is  attributable  to  tho  mass  of  the  cerebral  hemisphere  which  I 
the  corpus  callosum  being-  larger  than  that  in  front. 

The  fibreii  are  arranged  in  flattened  bundles  with  the  long  axes  of  the  I 
vertical  but  becoming'  horizontal  at  the  ends.    In  their  paasage  into  they 
lobes  and  into  the  posterior  part  of  the  frontal  lobe  their  direction  if  ] 
transverse,  but  from  the  genu  they  curve  round  into  the  anterior  part  < 
frontal  lobe,  and  from  tho  posterior  end  or  splenium  they  arch  round  the  | 
and  inferior  comua  of  the  latertd  ventricle ^  forming  the  upper  and  ( 
of  those  parts  of  the  cavity,  into  the  temporo-Hpbenoidal  and  the  lower  | 
the  occipital  lobed.    Lastly,  from  the  onder  part  of  the  spleniiun  fibrei  ] 
a  bold  sweep  (forceps  major)  into  the  posterior  and  superior  parts  of  the  i 
lobes. 

Ventriclefl  of  the  ce^ebsral  kemispiiereSf  lateral 

or  veairkfdi   trkorms-^Bj  making  a  loii<*^iiudinal   cut   Lhf\>lij^l 
corpus  callosum  at  a  short  distaooe  on  each  side  of  the  middk  f 
and  about  midway  between  the  two  cmia  of  tho  hemispherea,  an  i 
ing  is  made  into  the  right  and  left  k feral  ventrkks  (veiitricles  T 
cerebral  hemispheres). 

Each  lateral  ventricle  is  connected  by  the  cleft-like  foramen  of  J 
with  the  imterior  part  of  the  third  ventricle.  In  front  of  this  \ 
cation  the  ventricle  pa^^ses  with  a  plight  curve  outwards  and  doi 
ukto  the  frontal  lobe  of  the  liemisphere  to  form  the  miterior  ecmu^ 
301,^),  behind,  the  ca\itj  extends  backwards,  with  a  slight  enm^l 
wards,  as  the  bodt/  of  the  vmirkk  beneath  the  lateral  pat 
corpus  callosum^  and  reaching  as  far  back  as  the  splenium  of  the  1 
Here  it  bifurcates  into  a  shorter  poatmor  cornu  (h),  curving  inmidfti 
backwards  into  the  occipital  lol>e,  and  a  longer  inferior  or  ^ 
camu  (q),  curving  downwards  and  forwanls  to  about  an  inch  I 
apex  of  the  temporo-sphenoidal  lobe.  The  whole  cavity  bus  1 
a  general  arched  form,  w^cll  shown  in  casts  of  the  interior,  llki  < 
vexity  of  the  arch  being  directed  backwaitis,  outwards  and  downiAl 
with  an  anterior  and  a  posterior  prolongation,  this  form  having  i^  I 
assuiiied  with  the  successive  development  of  the  lobes  of  the  hemiisp^*  I 
around  the  fir^t-formed  central  lobe. 

The  bod^  of  each  lateral  ventricle  is  roofed  by  the  corpus  calW* ' 
and  its  lateral  extensiou,  and  is  sepamtctl  from  its  fellow  by  aholto 
vertical  partition,  the  septum  Imidmnj  which  extends  between  the  ooc|*  I 
callosum  and  the  fornix.    In  the  floor  of  the  ventricle  there  arenaiii  I 
succession  from  the  inner  side  and  behind,  (1)  part  of  the  Avrw  i  i 
thin  longitudinal   layer   of  white  aubatance,  broader  behind  tbatn  » 
front  (%.  301,/)  :  (2)  the  choroid  pkxus  of  the  lateral  tfentrkk  [H- 
301,  c)^  a  red  vascular  fringe,  which  is  covered  by  epithelium  oofDUoaaB 
with  that  lining  the  ventricle,  and  projecting  from  below  the  fciiifc 
formi?  the  border  of  the  velum  interpositum  :  (3)  part    of  the  if^ 
ihalamm^  appearing  fr-om  beneath  the  choroid  plexna  (fig,  80i»  l)- 
(4)  a  narrow  flat  band«  the  tania  seinkiradaris  or  stria  tanmm^{*\f 
which  separates  the  optic  thalamus  from  :    (5)  an  elongated  vjrAiak 
eminence  of  grey  matter  which  extends  into  the  anterior  ana  mArior 
cximua,  and  is  known  m  the  nucUm  caudaim  tf  iM  corpus  striakm  (l]i 
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^krior  comu  (fig.  301,  (f)  m  the  blind  anterior  extremitj  of  the 
^  projecting  a  little  way  itito  the  white  substance  of  the  frontal 
t  is  covered  by  the  corpim  c^llosiirn,  and  turns  forwards  and  out- 
ond  the  enlarged  anterior  extremity  of  the  nu€len8  caudatuB,  de- 
«s  it  proceeds,  and  bounded  below  and  externally  by  tliat  body, 
I  by  the  reflected  part  of  the  coqma  caliosunij  and  mesialJy  by 
Im  lucidum. 


pTm      t^TBIUL 

am   ohevsd    bt 

|k    <UP    TBS     KID- 
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llami  ;  it,  n^ 
left  hippoc&mpius 
potierior  piUar 
luc ;  Ff  tko  fim- 
blitdi  it  pBJMs ; 
leomit  ainiDODii 
ppiu  major ;  A, 
SD«(iallaz7  sulA 
tbe  eerebrid 
I ;  r,  pait  of  tbe 
Hal      SBhstaiioe 

B  white  stria  of  Vi^q-d'A^yr ;  «,  tsenla  semiciTcularis ;  y,  eminenitkconaieralis, 
I 

yhiar  or  dracendiruf  cornu  (q)  tnme  round  tlie  back  part  of  the 
iamus,  which  is  separated  frum  its  cavity  by  the  choroid  plexus 
^ithelial  covering.  At  its  corn  men  cement  it  is  directed  baek- 
0  ontwardg  :  then,  passing  downwards  with  a  sweep,  it  curves 
.  and  at  its  extremity  ha«  a  marked  inclination  inwards.  Its 
brmed  by  the  fibres  of  tbe  corpus  callosum  which  are  arching 
>  pass  to  the  temporo-sphenoidal  Ictbe,  and  into  it  is  prolonged  a 
lion  of  the  taenia  semieircelaris  and  tbe  |iofiterior  ta|x^ring  part 
icleufi  caudatus,  aheady  seen  in  the  body  of  the  ventricle.  Near 
if  the  comu  a  considerable  prominence,  the  mmfijdahid  iulferek, 
i  the  root  and  forms  also  the  terminal  boundary  of  the  comu. 
idpal  object  upon  its  floor  is  the  hfppnfampim  major  {cornu 
L  a  large  white  eminence  extending  the  whole  length  of  the 
Ig,  302,  5',  0').  This  eminence  U^comes  enlarged  towards 
DT  and  lower  extremity,  and  is  indented  or  notched  on  its  edge,  so 
\  some  resemblance  to  the  paw  of  an  animal  (pes  bippocaoipi ). 
"T^rea  of  its  snrftice  form  only  a  thin  layer,  and  beoeuth 
matter  continuous  with  that  of  the  surface  of  the  hem  i* 
ace  within  tbe  ventricle  corresponding  to  the  deprcti- 


THE  CEREBRAL  IIEill SPHERES, 


sion  of  the  hippocampal  fisBure  on  the  outside.  Along  th 
mesid  edge  of  the  einmenc-e  the  white  superficial  layer  (fig. 
thickened  to  form  a  narrow  white  band  named  Jhnbria 
hippommjn  (fig.  802»  G),  which  ifi  prolonged  from  the  poste 
of  the  fornix  ;  mesial  to  and  above  the  fimbria  m  a  part  of  tJ 
plexus,  covered  next  the  cavity  by  cpithehum  prolonged  from  I 
the  cavity.  If  tlie  pia  mater  with  the  choroid  plestis  be  pn 
the  epitbeliuin  co\ering  the  latter  is  removed  witli  it,  and  tfa 
made  to  communicate  with  the  gurfjice  of  the  brain  along 
length  of  its  inner  aide  (inferior  fissure  of  the  cerebrum). 

The  grey  matter  of  the  hippocampus  major  is  continuous 
and  below  with  that  of  the  uncinate  convolution  and  inter 
the  fascia  dentata,  which  forms,  as  shown  in  figure  29$,  a  fi: 
the  superficial  gn^y  matter  of  tlie  hemisphere,  the  correfipoii 
of  the  white  matter  being  formed  by  the  fimbria.  At  the  < 
coma  the  hippocampus  is  continuous  with  the  uncus. 


Fig.  S02. 
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1»  Ai>ox  of  tempoTO^spheooid&I  V 
cinaic  convolutioa  ;  2,  cut  saifice 
brjJ  hemisphere ;  3,  point  of  ti 
comu  of  the  lateral  ventricle ;  S' 
coltatemlia ;  4,  cui  Burfuco  of  tb( 
back  part  of  the  corpus  cailoBum  < 
the  miilillu  ;  4^,  pkccd  on  the  eil( 
corpua  cialloaDiD  into  the  oerebnl 
l>oitits  by  a  line  to  the  liippocmmpi 
the  posterior  ooruu  ;  5,  cut  ed^  of  1 
pUlnr  of  the  fornix  pABsiug  down  al 
hippocampus  miijor  and  fimbria ;  tf 
th^  hippoaiMpuji  ma|or  points  lo  I 
6',  pes  hippocampi  ;  7,  fiuBciJi  dentil 


The  posteiiar  camu  Tfig, 
projects  backwards  into  the 
of  the  posterior  Iol»e,  At  ita 
it  jg  pointed,  ami  direct-ed 
Its  outer  wall  (s  fonned,  like  that  of  the  deecending  comu,of  t 
fibres  pasaini^  fix)m  the  corpus  callosum  to  tbt*  tcmpriro-sphei! 
and  to  the  lower  part  of  the  occipital  lobe.  The  floor  is  fom 
meduUarj  subst since  of  the  tkccipitid  lol>c,  covered,  of  course,  as 
with  the  inner  siirliicc  of  the  ventricle  everywhere,  bj  epend 
witb  epithehum.  On  the  inner  wull  is  a  curved  and  pointed  lo 
eminence,  named  fiifpommpm  mimr^  ergof^  or  calrar  atv>, 
thia  is  another  longitudinal  eminence  [Imlh  of  the  posieri 
caused  bj  the  bundle  of  fibres  which  form  the  forceps  maj< 
round  frurn  the  splenium  of  tbe  coq3U8  cullnsum  to  enter  Ih 
lobe.  At  tlje  junction  of  tlie  posterior  with  tbe  desoendj 
between  the  hippommpos  major  and  minor,  is  a  smofith 
named  einhmUia  wllakraii^,  or  pes  at^ssmrtun,  which  maj  el 
wav  down  the  descending  cornii  behind  the  great  hippocampiu 
The  calcar  avis  or  hippocampus  minor  ia  the  convex  side  of 
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Pod  Bobscanoe  iniidi  focms  tihe  calcarine  snlcns,  and  in  like  manner 
|Minentia  collaxendk  cazresponds  with  the  collateral  snlens. 

unpnci  minar  »  ncR  iwciiliar  to  the  humazi  bx&in  as  iru  at  one  time 
f  but  IB  foiznd  xc  tbi-  bssiZLF  of  qnadnunaiia.    In  the  huinazi  sabject  the 
'  OQznn  TsxiflE  gxaalr  iz:  siae..  and  the  hippocampus  minor  is  Kdll  more 
I  in  xt»  developniaii.  bemp  someEimes  scarodv  to  be  recognised,  and  at 
■  pmwii  Unnalh-  Isz^  Iz  i«-  nBoallT  moia  developed  where  Lhe  pofstexior  oomn 
but  th£  length  of  the  poB&enor  comn.  and  pxx>minence  of  the  hippo- 
I  Bunar.  are  far  nc  joBBBOt  zx.  prppoztion  to  the  dimensions  of  the  heznisphere. 
neem  to  be  a—nrinTnT  irixh  thinness  of  both  the  mednllazT  and  the 
IbI  nbatanoe. 

■■  iNMteziar  oonm  is  corvee  xinmd  the  inteznal  paric-to-occipital  fiasnre.  which 
f4na  be  regBx^ed  mt  fmnwnr  ^  pnneccian  in  the  wall  of  the  ventricle. 

[he  M|iUuu  ynniflmn  if  a  ihin  donble  partition,  placii>d  between 
two  loieral  vezithcifi&.  Ii  If  dcitible,  bein£r  ei*m^Kist-d  nf  two  distinct 
nue,  having  an  interval  between  them,  which  contains  fluid.  This 
sral  is  the  vW*  ventrtck.  7'mtric'U  of  the  sfptum,  or  Si/h'ijn  ^mirkJe 
;.  801,  between  r  and/ p.  It  extends  vertically  between  the  corpus 
iDHzm  above  and  in  franu  and  the  anterior  part  of  the  fornix  below 
1  behind  (fig.  2r»8  •  :  and  ac  the  latter  graduallv  sinks  down  from  the 
pus  callosnm,  the  fiepimi  with  its  contained  cavitv  is  deep  before  and 
low  behind,  in  fomi  scimewh^i  resembliiis:  an  obovate  leaf.  Pos- 
lorly  it  ifi  bounded  by  the  piDars  of  the  fornix  ^^fijr.  SOT)  and  bv  the 
una  cinerea. 

^tt  lazzLZzis  of  the  aeptzzzL  an  formed  of  a  pan  of  the  median  wall  of  the  hcmi- 
wam  which  has  reznaznec  free,  while  the  snironndinir  part>  hare  become  tuiited 
liie  development  of  the  carpus  cali0s:iim  above  anil  in  front  and  the  foznix 
DW  and  behind.  Tht  vemnuif:  of  the  peptcm  wof^  thczY^fore  ori^rinallv  a  part 
the  great  lozijritnrinia'  fisrort,.  and  has  no  conni\n.icin  with  the  int<-mal 
rtricnlar  cavirr  of  tut  hnJi..  Acwordincly  wi-  f.nd  that  it  is  not  lined  by 
ftrimm.  bnt  each  lam  in  h  conaiisis  of  a  thin  Inyi^r  of  prty  martyr  next  the 
ity,  and  homoioptras  witl  uh:  prey  matt«^r  of  thr  ci^rtla-al  cortex,  and  a 
(far  layer  of  whitt-  zzianer  cannzmons  lielow  on  either  side  with  the  general 
ite  iziatcer  of  the  hezzusphen.  Externally,  next  the  kt^'ral  ventriclo.  is  a  layer 
qwndjizia.  and  covezinp  ihi»  the  epithelium  which  lines  the  lat-eral  ventricle. 


nieffamix  {fisr.  JU-l,/  is  an  arcln-d  lonptndinal  white  commissure, 
I  margin  of  which  if  e-tin  in  the  flcK«r  of  the  lau-ral  vviitrirle.  It  con- 
a  of  two  lateral  haivj*.  whicL  are  s-parated  frciin  em-h  other  in  front 
I  behindL,  but  in  the  int^nmediuie ]»an  are  joined  toi:-.  ihtr  in  tlji-  mesial 
oe.  The  two  pan*  it  front  form  the  auUrior  ^-Z '.Trs,  or  rc/z/ww**,  of 
fornix ;  the  middi*  conjoined  jiar:  is  nami'd  tliv  .•'.'  hu  aud  the  hind 
I8p  which  are  a<ruin  Btparaied  from  each  (iibL-r,  f^-rm  the  jtosffrior 
VM  or  crura. 

lie  body  of  the  fornix  ie  trianrrdar  in  sh;i]h'.  iK-iac:  Isroad  and  flat- 
id  behind,  where  it  \v  t-.innet^ed  wiih  ili-.  uiidtr  sr^rfai-e  of  the  eurjius 
38iini,  and  narrower  in  front,  wLitv  ii  i>  ccmnecied  t(t  the  septum 
dnm.  Its  lateral  edir**  are  free  and  are  in  contact  with  the  choroid 
xuefl  of  the  lateml  venrricles.  and  i:?^  under  surra<.-i'  rests  ujK-^n  the 
[in  interpositum,  wiiicL  sejiararif  it  fi\*m  the  optic  thalami  and  the 
d  ventricle  (see  fig.  i?J<]  ol  p.  r.i':-*. 

Tie  anierhr pillaTt  or  columns  of  tlio  fornix  'fig.  o(i,*i,  Cf\  cvlindrical 
Torm,  can  be  traced  downwards.  sJirhtly  separated  from  each  other. 
ragh  the  gzey  maner  on  the  sides  of  the  thira  ventricle,  in  front  of  the 
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fommiQa  of  Monro,  of  which  they  form  the  anterior  bound 
backwaixk  to  tlie  corpora  albjcantia.  There  each  column  tm 
itself,  making  n  twisted  loop  which  forms  the  white  portion  of  tl 
albicans,  and  from  tbig  it  can  l>e  traced  (as  the  bundle  of  Yioq 
upwards  into  the  imterior  unclena  of  the  optic  thalamus  (fip^,  X\t 
pillar  is  connected  neai'  the  foramen  of  Monro  with  the  pei 
the  pineal  gland,  and  with  the  taenia  semicircula 
receives  fibres  from  the  septum  Incidimi. 


HI  me  pe< 


According  to  Guddcn  and  Forel  the  fibreg  of  the  ftnterior  pnioEit 
in  the  grey  matter  of  the  corpora  alMcaniia^  and  are  not  direcUj  ooo 
in  dissectei  preparatlona  they  seem  to  he,  with  the  bundle  of  Vioq  d*Ai 


Fig.  303. 


Fig.  SOS. — Skxtob  if 
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-cap 
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A  median  ecctios 
made  ilirough  the  thki 
and  the  auperfickl  | 
remoYed  at  its  anterio 
part,  th,9,  npper  | 
thafiLmns  ;  ih^ntt  iti  } 
fiice :  between  the  fr 
medtiDary  stria,  leodin 
pineal  gbmd  ami  l^fo 
uolffi,  tr.h,  to  tJjc  ittU 
of  the  fornix,  cj ;  f^ 
Vicq-d'Aryi"  J  c,to,  corpos  OMnimillare ;  f»/,  fibres  of  tbe  inferior  pedita 
thaliimuH  diverging  in  it£)  Hubstinee  ;  eo.a,  iinterior  commissure  ;  ct^.m,  m 
miHsurc  i  cA,  ebiaitnia;  t,  infundibuliiiu  ;  r,fy  atalk  of  pineal  body  ;  jm^  carp 
gemlna  ;  a*/.,  jijqaecliict. 

^hc  jM}sfenor  pillars  or  crura  of  the  foniix  (fig.  SOI,  o)  are  th 
iug  posterior  prolongations  uf  the  two  flat  lateral  bands  compc 
body.  At  first  they  adhere  to  the  nnder  surface  of  the  corpn§  < 
then,  curving  outwards  and  downwards  over  the  pulvinar  of  the  i 
lamns,  each  eras  enters  the  deacendiog  cornu  of  the  lateral 
whei-e  {Kirt  of  its  fibres  are  distributed  on  the  surface  of  the  gre 
canipiLH  and  the  remainder  are  prolonged  as  the  narrow^  band 
matter  known  aa  the  kettia  hippocmnpi  or  Jhnhria  (lig.  :^.03 
relation  of  which  to  the  fo&cia  dentata  and  hippocanipua  has  Ijee 
alluded  to  (see  \x  ;i  Aii). 

On  examining  the  under  surface  of  the  fornix  and  corpus 
there  is  seen  posteriorly  the  thickened  border  or  Fpleninm  of  1 
and  in  frnnt  of  it  the  diverging  halves  of  the  fornix,  lietweci 
triangular  portion  of  the  corpus  callosum  apixars,  marked  w; 
verse,  hjiigitudinal,  and  ohh'que  lines.  To  this  part  the 
been  applird  (fig.  ;in4,  12). 

The  foramen  of  Hoiiro  is  an  interval  m\  each  side 
anterior  iJillar  of  the  foi'uix  and  tlve  anterior  part  of  the  optic 
This  interval  leads  frijui  the  third  ventricle  to  the  labeiBl 
The  0{>ening8  of  opposite  sides,  passing  downwards  and  budcwi 
in  the  middle  line  beluw,  and  thus  is  produced  a  passage,  giii| 
but  dividing  into  two  branches  above,  somewhat  bke  the  letU 
forming  a  communication  between  the  third  ventricle  and  bo 
ventricleB.    This  passage  is  mimed  ih^forammi  commune  ankti 
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fissure  of  the  cerebrum  is  the  name  given  to  the  cleft-Hke 
ifl  made  into  the  Tentriclea  when  the  choroid  plexni«eB  of  the  pia 
inTAgmate  the  thin  epithelial  wall  of  the  ventriclet*,  are  pulled  away^ 
I  tliem  the  epithelium  which  is  reflected  over  them  from  that  lining 
Its  extent  maj  l>e  made  manifest  after  the  lateral  ventricles  have 
hf  completely  dividing  the  foroix  and  corpus  callo9iim  in  the 
,  and  zauoiig  the  diyided  part&  from  the  nndLsturbed  veltam  interpo- 
^,  It  will  then  he  found  that  the  posterior  and  middle  portions  of  the 
tiding  the  hippocampus  major  and  fimbria,  may.  by  rupture  of  tht*  thin 
m^kh  ia  prolonged  from  tlie  fimbria  to  the  choroid  plejcns,  be  Bepa- 
^^Ksobjaoent  anterior  parts.  The  tranaverBe  firanre  which  i^  thus 
^HKiOed  eztoids  trom  the  extremity  of  the  descending  comu  on  one 
iLe  optic  thalami,  third  ventricle,  and  meeenoephaloUj  to  the  extremity 
soending  oomu  of  the  other  mde.  It  is  l>onnded  above  by  the  corpua 
Uid  fornix  in  the  middle,  and  on  each  side  by  a  free  margin  of  the 
«  formed  by  the  fascia  dentata  and  fimbria  :  inferiorly  it  is  bounded 
middle  line  by  the  corpora  ciuadrigemina,  and  on  each  aide  by  the 
wt  of  the  optic  thalamui«« 


Rlum  interposittun  or  tela  choroidea  (fig.  i^!H,  tKu  fi^*  304) 

ongation  of  the  pia  mater  over  the  third  Tentricle  and  optic 

ami  itfl  more  highly  vasculax  free  borders,  projecting  into  the 
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oolamnsof  the  I  r    i 
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calloAum  ;      Pru, 
me&cement  of  iht  ] 
stria   or  pedmide, 
O0pt  posteridreomai 

cornu*    Like  tic  cfc^l 
roid  ple^Euses  of 
4tli    and    Srd    v'l 
trjck's  these  also  i 
highly   vaecuUr 
their  ventrtculiir  i 
face    IS    beset 
yillns-likepToj^ctw 
their  sorlaoei  ani  < 
Mq  vesBels  run,  i 


The  more  obvious  viUi  arc  a.2:ain  divided  upon 
their  borders  into  6m nil  processes  alooi,^  which 
the  epithelium  of  the  ventncles  is  continued  over  their  &ur&oe. 

On  caeh  aide  of  the  velum  ieterpositura,  are  two  slight  vascukr  fHo^ 
which  ran  along  its  under  surface,  and  diverfrieg  from  each  other  behM 
form  the  ch^frotd  plexuses  of  Urn  third  irentrkk. 

The  epithelium  changes  its  character  where  it  ooygfs  the  plejmacflL  It  u  i^ 
ootnpQsed  of  large  BpheroidxJ  oorpoBcles,  in  each  of  which  ia  aeeot  hmid0  i 
distinct  13 Helens,  sevenkl  jelloiT^ik  jsmi^^^  «xijl  ^sci^  qt  xoaTo  duk  iobbI  ^ 
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to  Henle  each  of  theee  oellfi  b  pioyided  with  short  actuni^ 


Old  artery  enters  tlie  yefmn  interpoeitmn  at  the  lower  end  of 
ing  cornn  ;  and  other  arteries  enter  from  Ijchind,  beneath  the 
Rum.  The  greater  number  of  the  veins  terminate  in  two 
named  the  veins  of  Galen,  which  run  bac^kwards  on 
i  interpofiitnm^  and  passing  out  beneath  the  corpus  callosiim 
SIT  blocKl  into  the  straight  sinus,  having  gencrallj  first  united 
ngle  trunk. 

lorpora  stadata  {ganglia  cf  Ike  eet^ehrai  hemispheres),  situated  in 
d  to  the  outer  side  of  the  optic  thalami,  are  two  large  ovoid 
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r«7  b&nd  of 

nun,  and  oiat- 

igain  lite  island  of  R«il  at  the  bottom  of  tbe  SylTi&n  fiasnre  ;  n,  a,  nacteiu 
immediately  within  this  is  the  opiic  tract  seen  in  eeotion ;  p^  inimiarj 
bodj    of    the    sphenoid    botie ;  isit,  vahftiaduioid    «pttoe ;  r,   rUU   of  the 


% 


f  grey  matter,  the  greater  part  of  each  of  whieh  is  embe<lded  in 
e  substance  of  the  hemisphere  (extraventrictdar  portion),  whilst 
iomm  Tisihle  in  the  hmlj  and  anterior  cornu  of  the  lateral 
i  (intTETentricular  portir«n). 

Uramnfricular  pr/ii  ion  of  IJie  corpus  iiriafum  (naoleua  caudatuB) 
i^  Cs)  is  of  pyriform  shape,  its  larger  end  being  turned  forwards 
saring  in  the  flour  of  the  anterior  conin,  and  at  one  part  reach- 
!>ater  maj'gio  of  the  ventricle.  Its  narrow  end  is  prolonged  back- 
id  antwardfi  along  the  body  of  the  ventricle  and  into  the  roof  of 
pnding  como,  parsing  nearly  to  the  extremity  of  the  latter.  On 
into  it,  there  may  be  seen  at  some  depth  from  the  surfaoe 
of  white  iibres  which  are  prolonged  through  it  from  the  inner 
and  give  it  the  streaked  appearance  from  which  the  name 
triattun  has  Ijeen  derived. 
wirmmUrkuIar  jxir/^/i  ^tAe  £m;piis  siriatum  (mncleiia  l^^ticxL- 
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laris)  is  separated  from  the  intraventricular  part  by  a  layer  c 
Bubstance  {infenmi  capsuh),  but  this  is  bridged  across  in  front  b 
of  grey  matter.  The  lenticular  nucleus  is  only  seen  on  eection 
hemispliere.     Its  horizontal  section  (fig,  307,  nJ)  somewhat » 


Kg.  307. 


Fig.    307.  —  HonnojifU 

THJIOUOH     PA.aT    O?    fMi  < 

paiationbyMr.  Slmtt4xk|. 

The  section  is  viewed  6o 
V.  If  lateral  Tenlridc^ 
comu  I  e,  r,  coipuB  catlM 
septum  luddam  ;  a,  /^  wl 
lars  of  tbe  fornix  ;  f  S,  ll 
tricle ;  th^  thalainpa  op^ 
etna  terminalis;  «.  e^ 
caudattis,  and  w.  l,  Bndl 
cularis  of  the  corpus  striali 
internal  capsule ;  ff^  iu  angli 
p^  taU  of  the  jiucleus  caod 
})cariiig  in  the  descendisf 
the  luteml  ventricle  ;  el^  di 
If  bland  of  Reil, 

that  of  a  bioonTex  leni 

^vider  in  the  centre  ( 
either  end*  The  ante 
tenor  diiimeter  com 
closely  with  tliat  c 
island  of  Reil,  and  thef 
width  ist  opposite  tbe  i 
edge  of  the  optic  thl 
On  a  transverse  Tertic 
tion  through  the  midd 
BOG,  «/r),  this  nucleus  i 
triangular,  and  twowhi 
(med  n Oary  lam  inae), 
to  the  outer  side,  divide  it  into  three  zoueSj  of  wliich  the  outffl 
largest  and  of  a  dark  reddish  colour  marked  with  fine  white  atria 
the  inner  two  arc  more  yellowish  in  tint-  On  its  outer  side  is  a  grey 
termed  the  clmfslnm^  which  is  separated  horn  the  lenticular  num 
etratum  of  white  substance  named  the  externa!  capsule.  The  inner 
or  radiation  of  the  crusta,  separates  it  in  the  greater  part  of  ite  exti 
the  caudate  nucleus  and  thalamus,  hut  anteriorly  the  two  ntidd 
oorpiis  striatum  ai'e  miited  at  their  bases,  and  posteriorly  the  k 
nncleoB  is  contiuuous  l>elow  with  the  Biiperficial  grey  matter  foni 
anterior  perforated  lamina ^  with  which  the  ckustriim  is  also  csow 
The  olanstrnm  (figs,  291,  807,  d)  is  a  thin  hmiina  of  grej 
which  is  smootli  next  the  outer  capsule  but  ridged  and  farro 
fcernally,  the  ridges  and  fiuroii's  corivspouding  to  the  gyri  and 
the  central  lobe,  with  the  white  substAuce  of  which  the  claastn 
immediate  relation.  According  to  Meynert  the  claustrum  iatob 
upon  as  a  separated  part  of  the  grey  cortex  of  the  central  lobe. 

Along  the  inner  border  of  the  nucleus  can  d  at  us,  in  a  depreamn 
it  and  the  optic  thalamus,  is  seen  a  narrow  whitish  semitransparc 
already  noticed  in  the  description  of  the  ventricle,  named  ' 
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Hm  or  stria  terminalis  (fig,  305,  -S^ },  wliich  is  coBtinned  backwards 
the  whit<*  substiince  of  the  roof  of  the  descend!  Dg  cor  mi.  In  front 
B  it  is  largej>t  it  reaches  the  coiTOsponding  anterior  pillar  of  the  fornix, 
irhich  it  comes  into  connection ;  a;t  its  other  end  it  enters  the  nucleus 
[ials  in  the  inferior  cornn, 

ke  aiicl6TLs  amygdala  is  a  rounded  mass  of  yellowisli  grey  mattCTi 
Qaous  with  the  su|R'rficial  fp-cj  matter  of  the  apex  of  the  teraporo- 
loidal  lobe,  forming  a  projection  at  the  end  of  the  (!e8^:cnding 
I  of  the  lateral  Tcntricle.  It  is  situated  below  the  anterior  part  of 
pntieujar  nuclen.«  (tig,  iiofl,  n.a), 

ke  anterior  cosumssure  apfieurs  in  the  anterior  part  of  the  third 
ricle  aa  a  round  bundle  of  wiiite  fibres,  immediately  in  front  of  the 
ior  pillars  of  the  fornix,  and  crossing  between  the  corpora  striata  ; 
bres  extend  laterally  below  the  bnticular  nuclei  of  the  corpora 
iBi  and  then  pass  outward.s  and  bat^k wards  in  a  curved  crtnrse  as  a 
irhat  twisted  longitudinal  bundle  which  spreads  out  in  the  central 
of  the  hemisphere,  and  is  traceable  to  the  oicdulhiry  substance  of 
emporo-sphen^idal  lol)e  above  the  descend iiig  cornu  of  the  lateral 
riclc  and  eventually  to  the  nucleus  ainygdalTe  (Ferrier). 


I  in  which  the  olfactory  lobe  it*  well  developed  the  anterior  fibrea  of 
Qomxnianu'e  appear  to  be  connected  with  the  base  of  that  lobe,  and  it  is 
[lit  Umt  in  this  way  a  oommnnication  is  established  between  the  temporo- 
loidAl  lobe  (and  nucleus  amygdalx')  of  the  one  fslde  and  the  olfactory  lobe 
lenrM  of  the  other  side. 

IB  anterior  commistftire  is  the  first  transverse  commisBure  of  the  ccrcbmm  to 
Ifdoped  in  the  embryo  ;  it  la  sAbo  the  most  constant  in  the  animal  sencs* 

lOlTnTB    STHtrCTUBH    OF    TWSi    GAHQLm    OF    THIS    OEREBRAI. 

icletiB  cmttdAtos. — ^Where  it  lies  in  the  lateral  ventricle  the  nncleus  caudntns 
fttxtd  by  a  layer  of  ependyma  and  over  thia  by  the  cUiated  ventricular 
ifllliiiii.  !nie  ganglion  is  itcielf  composed  of  a  reddish  grey  finbstanoe  Uke  that 
le  oater  zone  of  the  lenticular  nncleus.  On  the  deeper  side,  that  tnmed 
nk  the  inner  capsale,  the  nucletu*  receives  from  this,  aa  before  mentioned^ 
mber  of  bundlea  of  medoUated  fibres.  According  to  the  acconnt  given  by 
kert»  the  bundles  pa*?s  in  both  directions,  some  serving  to  connect  the  gang- 
iritli  the  peduncle  of  the  cerebmm,  others  to  connect  it  with  the  cortex 
rL  On  the  other  hand,  accoriling  to  Wernicke  it  is  doubtful  if  any  of 
pa*  to  the  white  matter  of  the  hemispheres,  nor  do  they  come  from  the 
k  directly,  but  only  after  traversing  the  medullary  lamime  of  the  lenticular 

r  Derre-oeUs  of  the  nuclea!?caudatu8  arc  multipolar,  and  both  moderately  larg© 
malL  In  addition,  peculiar  spheroidal  celU  containing  two  or  more  nuclei 
sactibdd  by  Henle,  The  oonnection  of  tho  ceUs  with  nerve-fibres,  although 
bly  existing,  has  not  hitherto  been  demon s^trated. 

pSmttM  lentlonlarifl. — ^All  three  zones  of  the  nucleus  are  pervaded  by  bundles 
lie  fifares,  but  they  ore  mo*it  conspicuous  in  the  outer  »one.  The  grey 
r  between  the  fibres  containa  many  cells  with  yellow  pigment  in  them. 
I  paiw  direotly  into  the  inner  zone  from  the  a«ljacent  part  of  the  inner 
te  (t.  *■>  from  the  peduncle  of  the  cerebrum),  while  othera  from  the  mesial 
1  the  peduncle,  pasedng  through  the  gubi^tantia  innominata  below  the  optic 
Hk»  curve  outwards  below  the  lenticulax  nucleus  as  a  distinct  bundle  (an«a 
Pkis)  and  entering  its  meduHary  livminDe  are  distributed  in  the  middle  and 
mooiem.  According  to  Meynert  if  these  fibres  are  tcaced  downwards  in  the 
icle  they  are  loofi  found  to  croBs  to  the  other  t<ido  below  the  third  ventricle 
■C8  to  ^G  nndei  of  the  third  and  fourth  nerves, 
or  fibres  connect  the  caudate  with  the  lenticular  nnoleuB,  and  othen  pasa 
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from  this  niacleus  into  the  corona  riwiiata  or  white  sabetanoe  of  the  ha 
and  thence  to  the  cortex. 

The  outer  capsule  is  formed  of  fibres  which  are  not  directly  con&«cl4| 
the  lenticular  nucleus  but  are  derived  partly  from  the  muterior  con 
in  part  from  a  portion  of  tlie  mi^&  lenticnlaris. 

In  the  clauatrum  the  celL*  are  for  the  most  port  small  and  spiitd 
amuiged  parallel  with  the  surf  acei  resembling  those  which  are  met^ 
deepest  layer  of  the  grey  cortex  of  Uie  hemiaplierea.    Host  of  the  oeUs  i 
yellow  pigment. 


INTIMATE    8TBUCT17B1S    OF    TH3&    CEREBRMJ    B31MISFHEBI& 

The    cirebral    hemispheres,   like   the    rest   of   the    enceph 
composed  of  white  riiiU  ji^Tev  fiubstaiice,  the  white  pen-adin^  i 
whole  of  the  middle  of  t.^ni^i  hemis|»here,  whei-e  it  fonn%  what 
SL&  the  medulhrf/ rmf re,  and  extending  into  the  convolutic^s ;  tbri 
forming  a  f covering  of  Borae  thickness  over  the  whole  eurtare  of  thii 
volutions  (f#r/^j?),  and  oceurriug  also  at  the  luise  of  the  hemiFpbefti 
form  of  the  ganglia  which  have  just  heen  described. 

The  white  MArrEii  consists  of  medullated  fibres,  varying  in  ij 
different  parts,  but  in  general  stiU  smallor  than  those  of  the  cord  i 
dulla,     Thej  are  amuiged  in  flattened  bundles  separated  by  ne 
the  bundles  have  a  somewhat  rod-like  appearance  in  transverK  I 

The  general  direction  which  the  fibres  follow  is  best  seen  mil 
that  ha.s  been  hardened  by  immersion  in  alcohol  or  some  tjther  ] 
although  in  an  ordinaiy  dissection  of  such  hardened  bruins  vnA\ 
Bcalpel,  we  do  not  then  trace  the  single  fibres,  but  only  the  i 
bundles  and  lamellae  which  they  form  by  their  aggregation.  It  J 
also  be  admitted  that  where  they  intimately  decussate,  the 
fibres  across  is  liable  to  be  mistaken  for  the  separation  of  ee 
one  from  the  other  ;  it  is  necessary  to  correct  such  errors  by  the  ( 
tion  of  sections  under  the  microscopic. 

The  fibres  of  the  medullary  centre,  though  forming  rnauT  AH 
groupSj  may  be  referred  to  three  principal  systems,  aco»rdin*r  t^»  ^ 
l^eneral  coni-se  wliich  they  take,  viz,  i — L  Astefjdmg  or  jmhmcuhr  /ih 
which  pass  from  the  iethDius  encephali  to  the  hemispheres.  ^ 
fibres  increase  in  number  as  tliey  ascend  through  the  istlimus,  aodj 
forther  in  passing  the  optic  thidaini  and  corpora  striata,  bey 
they  gpread  in  all  directions  into  the  hemispheres.  2.  Tra 
crnnmissund  filrres,  which  connect  the  two  hemisphert\s  together. ' 
Longitwfinalor  coUuieral  fibres  {the  itssoci  at  ion- fibres  of  JIeytiert),iA*' 
keeping  on  the  same  gide  of  the  middle  line,  connect  near  or  distant p 
of  the  same  hemisphere. 

1.  The  peduncxilar  fibres  in  each  hemisphere  are  derived  in  ] 
directly  from  the  fibres  uf  the  crusta,  in  part  from  the 
probably  indirectly  tluTiugh  the  optic  thalanuis ;  and  nccoT 
obser\'ers  they  are  reinforced  as  they  pass  the  corpus  8triatiim"i 
derived  from  the  nuclei  of  that  Ixxly. 

ff.  Tho^(^  fihn,s  wkkk  are  ikrived  direcfbj  from  th^  cntsta  pafi 
the  optic  thalanxtiB  and  nucleus  caudatus  and  the  iiucleuB  lent 
the  inner  capsule,  pmltably  giving  otf  fibres  from  this  to  those | 
on  the  other  band  being  here  joimd  by  fibres  which  issue 
IJeyond  the  inner  capsule  the  fibres  diverge  into  the  general  white  t 
of  the  hemigphercs,  forming  jmrt  of  the  system  of  radiating  fibrefil 
from  ita  ian-like  anang^^meut  as  tke  mrmm  radtaia  (Red)  orjl^rwm^ 
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ho),  the  latter  term  being  derived  from  the  wftj  in  which  the 
fablage  of  radi&ting  fibres  is  curved  rotmd  in  tlie  form  of  an 
Pfplete  hollow  cone  as  it  emerges  from  below  the  nucleus  caudati^B, 
ill  follo>*^  the  curve  of  the  lateral  ventricle. 

llhoQgh  it  is  probable  that  manv  of  the  fibres  of  the  crusta  pass 
Jtly  into  the  medullary  centre  and  through  this  to  the  grey  cortex, 
out  enterin^f  the  basal  ganglia  of  the  hemispheres,  this  has  only 

definitely  ascertained  for  one  or  two  of  the  tracts  of  libree  which 
in  the  crusta.  The  best  known  of  these  is  the  pyramulal  tracts 
h^  according  to  the  observations  of  Charcot,  Ferrier,  and  Flechsig, 
raoeable  through  a  part  of  the  inner  capsule  foj)|x»9ite  tho 
lie  of  the  thalamus)  and  corona  radiata  to  the  grey  cortex  of  the 
iding  frontal  and  ascending  parietal  convolutions  and  the  parts  in 
leighbourhood  of  these.  This  is  of  interest  in  connection  with  the 
that  j)hysiological  experiment  indicates  the  grey  matter  of  these 
ieular  convolutions  as  especially  concerned  in  governiug  the  action 
k  ehief  groups  of  muscles  of  the  body  (motor-centres  of  Fritsch  and 
%,  and  of  Ferrier), 

nother  group  of  fibres  which  is  traceable  directly  to  the  convolutions 
le  so-called  direct  smimrt/  irad  which  pfisses  from  the  externsd  or 
■al  j)art  of  the  crusta  into  the  white  matter  of  the  occipital  lobe  of 
bemigphere, 

few  of  the  fibres  of  the  cmsta  (those  nearest  the  inner  or  mesial 
)  do  not  pass  into  the  inner  capsule  and  corona  nidlata  but  are  col- 
A  into  tne  bundle  known  as  ansa  knikularis  and  pass  outwards 
Bneatb  the  thalamus  into  the  nucleus  tenticnlaris  (see  p.  353), 
fc  Tk§  JIh-es  whuJi  paM  fowanh  fh^  terebrum  in  ifm  itgnienium^  are 
Jnally  constituted  by  the  longitadinal  bundles  of  the  forraatio  reticii- 
I  of  the  medulla  oblongata,  Tliey  are  reinforced  as  they  pass  upwards 
lets  of  fibres  derived  from  the  snj^erior  peduncle  of  the  cerebellum,  and 
lipft  the  middle  peduncle  according  to  Mcynert  and  Broadbent ;  pro- 
\j  alao  from  the  corpora  quadrigemina,  and  from  tlie  ner^^e-  and  other 
niin  the  parts  which  they  travei-se.  They  become  lost  for  the  most 
I  in  the  siihthalamic  tegmental  region  and  in  the  thalamus,  but  on  the 
IT  hand,  from  the  outer  side  of  the  thalamus  fibres  stream  outwards  (see 
MX  Mid  joining  the  general  system  of  the  corona  radiata,  diverge  to 
\j  every  part  of  the  hemispliere^  but  especially  to  the  temporo-sphe- 
&1  and  occipital  lobes,  the  parts  whit-h  oxpjriment  seems  to  indicate  aa 
%  especially  concerned  with  the  functions  of  the  special  sense-organs, 
r  fims,  apparently  continuous  with  this  same  system,  pass  from  the 
sriar  part  of  the  thalamus  into  the  optic  tract. 
■ona  Ine  Jower  port  of  the  thahimiLs  anteriorly  fibres  emerge  forming 
^ondlf^  known  as  the  inferior  peduncle  of  the  thalamus,  and  curving 
d  below  the  nucleus  lenticuJarixS,  pa^s  into  the  white  siilistance  of 
sland  of  It  til  (see  p.  ;^25l- 

The  t^ransrerse  or  commiasnral  fibres  which  connect  tbe 
epheres  together  include  a.  The  trfutst-rrse  Jihres  of  ihr  corpm  cal- 
I  (p.  842).    K  The  fibres  of  the  anterior  commissure  (p.  3i>3). 

I  eooaft  of  ihette  fibres  hoA  alreatiy  been  deiscribed  at  the  places  iDdicatcd. 
brea  of  the  posterior  commissure  (p,  IV21)  ture  tumietunes  regarded  as  con- 
ig  the  pcffipterior  ptiits  of  the  heniLspheres^ 

The  longitBdiao/  4>r  caUater&l  Mhrem  indtide  those  o!  a.  t\i& 
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fornix,  h,  the  tmiia  spmkirculans,  and  c.  the  sirim  longitu 
corpus  cffJiomtm.iilrQd^dy  sutfieiently  noticed?  and  likewise  the  1 

d,  Fibrefi  of  the  g iff  m  font  katuB ;  fiUei  of  Ihe  mrpua  caUo»im( 
ciiignhtfih—TheEi'  fibres  constitute  the  wliit^  Biibstance  of  tfa 
fornicatufi,  and  take  a  longitudinal  conrse  immediately  above  tl 
verse  fibres  of  tlie  corpns  callosnia.  In  front  they  bend  h 
within  the  gyrnB  to  which  thej  bcloBL,^,  and  are  connected  i 
anterior  ptTtbratt'd  space,  being  joined  by  certain  longitudii 
which  rnn  along  the  nnder  Bunace  of  the  coipus  cixllosnm  near  ti; 
line.  Behind,  they  turn  ronnd  the  liaek  of  the  corpus  calloBumai 
descend  to  tlic  point  of  the  temporo-sphenoidal  lol>e,  where,  ace 
Foville,  they  again  reach  the  perforated  8i>ace.  OfTtytis  from  tb 
pass  upward.-^  and  backwards  into  the  secondary  convolution 
I'roni  the  i^yrus  foniicatns  in  the  lonj^itudinal  fissure. 

f.  Unamtte  or  aramfe  fmckidm, — Under  this  name  is  dc 
white  bundle,  seen  on  tlie  lower  as]  eet  of  the  hLniisphcre,  paasi 
the  bottom  of  the  SSyivian  fissnre,  and  connecting  tlie  ^ntal 
temporo-Bphenoidal  lobe.  The  filirctt  of  tliis  bundle  expand  al 
tremity,  and  the  more  superficial  of  them  are  curved  or  hookei 
between  tht-  conti^^^ious  parts  of  the  two  lobes, — from  whicl 
stance  it  hos  derived  its  name. 

/.  In/trm  hntjUudmal  fitmatlm. — This  is  a  bundle  of  fihi 
lies  close  to  tiie  outer  wall  of  the  posterior  and  infcnor  comr 
lateral  ventricle  and  connects  the  temporo-Bphenoidal  and  occipi 

g,  AsHocailkm-fibre^, — The  convohil  ions  of  the  cerebrum  are  c 
with  each  other  by  white  fibres,  which  lie  immediately  beneath  Ul 
Bubatauce.  t?ome  of  them  pass  acrot^e  the  iKjttom  of  the  sulci 
adjacent  convolutions  ;  whilst  others,  which  are  longer  and  m 
connect  convolutions  situated  at  a  ^eater  distance  from  one  an 

Tee  grey  batteh  on  the  convoluted  surface  of  the  \ 
forms  a  continuous  layer  indistinctly  divided  into  two  or  three  I 
interposed  thin  layei-s  of  paler  substance. 

In  eatftmrning  a  section  nmcroscopicallj  from  without  in  wards  (fig",  5 
meNBt  with — I.  A  tbin  oonting'  of  white  matter  Hittiated  on  the  ^attk 
on  II  BGctiun  appears  us  ei  faint  white  line,  bounding^  the  grej  smf^oe  e 
ThiB  superficial  white  layer  is  not  eqnally  thick  over  all  parts  <d 
tical  snbstance,  bnt  becomes  thicker  as  it  approacbee  the  bordem  ol 
volnted  surface  ;  it  is  accordingly  less  conspicuoua  on  the  latenl  com' 
of  the  hcmii!iphere»T  and  more  bo  on  the  convolutions  situated  in  thelan 
fis^auro  which  aiiproach  the  ivhite  surface  of  the  corpus  callosum,  and  < 
the  under  surface  of  the  brain.  It  is  especially  well  marked  on  tin 
gpheaioidal  lobe,  near  the  descending  comu  ol  the  lateral  ventricle,  ' 
oonyolnted  eurftice  ia  bounded  by  the  fimhriat  and  it  has  been  thm 
under  the  name  of  the  rrttcuhtted  ivhitr^  Muhattinrif.  2.  ImmediAtelj  b 
white  layer  just  described,  is  found  a  layer  of  grey  or  reddish  grof  * 
colour  of  which,  as  indeed  of  the  grey  eubstanoo  general! j%  ia  deeper 
according  aa  its  voiy  nnmarouB  vesaels  contain  muoh  or  little  blood,  a.  J 
pcaring  in  section  as  a  thin  whitish  line  (line  of  Vicq  d'Azyr,  outer  line  of  1 
4»  A  second  giey  stratum ,  Ik  A  secr>nd  thin  whitish  layer  (inner  lis 
larger),  fi.  A  yellow i^h  grey  layer  which  lit-s  next  to  the  central  white 
the  convolution.  In  some  convolutions,  esp^-cially  those  bordering  on  th 
fiEsaxe,  the  line  of  Vicq  d'Azyr  ia  very  distinct  but  the  ioner  Hnfl.jif 
h  not  Tiaible  (fig.  308,  2)*  ^| 

Thia  grey  subBtance  of  the  GoaYolutions  contains  cells  £ 
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(bi  in  neTiToglia,with  numerous  bloofl-Tessels,  which  pass  vertically 
I  at  the  stirtace  but  iu  the  det^por  parts  ait?  more  in'egularlj 
A. 

Dells  are  of  various  foiiDS  and  sizes,  many  of  them  with  numerous 
3&.  Some  of  these  bmuehiu*]^  cells  are  in*e^ilar  in  fonn  and  |>osi- 
it  the  majority  are  more  rej^ularly  nyramidtd  in  shape,  with  the 
the  jivramid  turned  towards  the  surface  of  the  convohition.  The 
size  uf  the  larger  pyratuidal  cells  is  rro^th  of  an  inch  iu  dia- 
t  the  bflfie,  and  eacn  has  a  ruanded  nucleos  havinj^  an  aYerage 
IT  of  yjW^^i  of  an  inch.  TJjl-j  ^ineraHy  contain  a  little  yellowisti 
L  The  cells  often  appear  to  lie  in  distinct  cavities  m  the  grey 
(pericellukr  spaces),  but  it  is  uncertain  if  these  are  natural  or 

— Sienoirs  of  ckmbbju.  con-  ^^'  ^^^* 

LiTtiovs  (After  EaUl&rger), 

Its  are  nearly  of  the  ttatuml  size. 

the  utx  layers  oniiuarily  M.1-11 
CTvbtal  coftex   when    cnrufufly 

witli  the  o&ked  eye  :  2,  tli«j 
»  of  A  Boetkn  of  a  coQi-ulutioQ 
aeiCJbboarfaood  of  the  calcaiinti 

I  by  fihrinking  after  death.  The  process  from  the  ajx^x  of  each 
be  tmoed  for  some  distance  tt>warils  the  surface  of  the  c<jn- 
i  giving  off  one  or  two  brandies  as  it  jmsses  outwards.  The 
if  termination  of  tliese  branches  is  onknown,  f^everal  fine 
m  processes  pass  froni  the  angles  at.  the  base  of  the  cell  and 
nmrds  or  towards  the  medullary  centre.  Some  of  these  pni- 
ivide  and  ramify,  tlie  branches  forrain^i^  a  network  of  fine  anasto- 
fibres,  while  othei*s  ha\e  been  traced  inwards  nudivided,  and 
aess  at  least  from  each  cell  is  prohahly  contiiuious  with  the  axis- 
*  of  a  nerve-fibre.  The  undivided  axis-cylinder  process,  according 
observers,  arises  from  the  centre  of  the  base  of  the  oelL  The 
8  of  these  cells,  as  well  as  the  body  of  the  cell  itself,  possess  a 
longitudinal  striation.  The  smaller  anf^nilar  corpuscles  are  also 
i  with  branches  which  run  in  various  directions,  and  probably 
tto  a  fine  network.  Rounded  cells,  tolerably  miiforra  in  size 
pi^th  of  an  indi  iu  diameter),  and  ha\ing  no  visible  processes 
or. 

ihtem  radiate  from  the  white  centre  of  each  convolution  in  all 
IS  into  the  gi-ey  cortex,  hanng  a  conrsc  for  the  most  part 
icolar  to  the  free  surface.  In  passing  through  the  grey  sul>- 
hey  are  arranged  in  bmulles  about  T^Wth  of  an"  inch  iu  diameter, 
18  separate  the  nerve-cells  into  ehmgated  groups,  and  give  the 
a  columnar  apiK^arance.  The  direction  of  the  fibres  varies 
\g  to  the  fiart  of  the  convr>hition  iu  which  they  oa;ur,  wliether 
s  summit  or  the  base,  and  the  radiating  direction  is  somewhat 
he  snlci  between  the  ccmvolwtions,  wherc  the  arched  fibres  which 
the  adjacent  convolutions  seem  to  obscure  the  radiating  bundles. 
bres  pass  in  various  directions  through  the  grey  substance,  con- 
I  several  layers.  Gf^rlach  describes  bundles  of  medullated  fi\)TeE 
^les  to  the  radiating'  bandies,  and  forming  with  them  a  Ijaige- 


meelied  network,  m 
Btices  of  whicli  is  i 
network,  composed  c 
iioii-medullated  nt 
and  formed,  he  beii 

Fig.    309. — Skoti©»-  i 

CONTOLLTTtoar   (Ml 

1,  Superficial  kj«r  i 
coqjuacles ;  2,  lajir  <i 
m'uh)  eorpuficles ;  3«  b 
pyramidal  corpasdei^  i 
columns  by  the  railiatiik 
4,  narrow  layer  of  i 
e4>rpuEc]es ;  5,  layer  d 
irregular  cell*  in  ] 


the  prey  sill 
by  the  intei; 
astomofiis    oi    the 
processes    from 
cells, 

Xayers  of  ce 
cortege. — The  fui 
raiigeinent  of  the 
different  depths  o 
tion,  and  in  this 
layers  are  distini^ui 
more  or  less  defi 
tera,  Init  not  shai 
oil"  from  one  aaol 
relation  to  the  i 
distin^uieliuble  bj 
eye  ia  not  cleiirl; 
The  most  commoi 
which  m  seen  in 
tions  of  the  parie 
this  mo8t  observe 
Meynert  in  recc 
layers  as  follows  i 

1,  The  most  e 
is  narrow,  and 
^th  of  the  w  lioh 
the  frrey  cortex, 
pcised  chiefly  of  n 
contains  a  few 
with  fine  procea 
not  of  nervoc 
(BeTan-Lewis  an 
A  few  meduUaie 
occur  in  it,  foi 
superficial  white 
mediately  imden: 
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neit  layer,  of  nearly  the  same  thickness,  is  characterized  by 
a  large  nnmber  of  small  nerve-ceUs,  mostly  pyramidal,  with 


pTOCi 

hird  layer  is  of  paler  tint  and  much  jireatcr  thickness.  It 
Tamidal  branching  cells,  large  and  small,  arranged  as  above 
prith  the  pjc^inted  extremities  towards  the  enrface  of  the  conTO- 
separated  into  groups  by  the  bundles  of  radiating  nei've-fibres, 
X^rtion  of  the  layer,  in  which  the  cells  are  larger  and  the  sejmra- 
x>ape  more  distinct,  is  sometimes  described  as  a  separate  layer. 
burth  layer  is  narrower,  and  contains  many  amall>  irregularly- 
muscles,  round  or  angular,  with  fine  processes,  placed  irregularly 
Itinctly  sejiarated  into  groups. 

ifth  layer,  of  greater  width  than  the  last,  and  blending  more 
I  it,  is  composed  of  fusiform  and  irregular  cells.  The  fusiform 
have  a  definite  arrangement,  being  placed  for  the  most  part 
I  the  summit  of  a  gyrus ;  but  in  the  sulci,  parallel  to  the  surface, 
CorrespOBd  in  direction  to  the  arcuate  fibres  passing  from  one 
I  to  another  ;  they  are  said  to  be  eonnecied  with  these  fibres, 
the  last  layer  is  tlie  medullary  centre,  with  which  it  gradually 
b»  fibres  of  the  white  snbstance,  as  they  radiate  into  the  grey 
JHlDe  finer.  They  terminate  partly  in  the  axis-cylinder 
f  the  pyramidal  cells,  partly  in  two  plexuses  of  medullated 
b  lie,  the  one  at  the  hum  of  the  layer  of  large  cells  or  «]rd  layer, 
fafitiween  this  and  the  layer  of  small  pyramidal  cells  (2ad 
^a  plexuses  (inner  and  outer  white  plexuses  of  W.  Krause) 
y  the  cause  of  the  whitish  lines  seen  with  the  naked  eye  in 
[the  grey  cortex  of  a  fresh  brain. 

Sylvian  fissure  the  fusiform  cells  are  more  abundant  than 
and  fi'om  their  number  in  the  claustrum  the  fifth  layer 
rmed  by  Mejiiert  the  **clanstral  formation."  They  m^  also 
ant  in  the  amygdaloid  nucleus,  which  is  indeed  chiefly  formed 
ning  of  the  deepest  layer  of  the  cerebral  cortex.  The  cornn 
n  the  other  hand  is  formed  almost  exchisively  of  the  large 
corpuscles,  and  the  layer  in  which  these  coriDUscles  occur 
r)  has,  in  like  manner,  been  termed  the  "  formation  of  the 
onis.^* 

10  of  Btmctura  in  different  parts. — Consicierable  variety  occnia 
fitkrUt  of  the  cerebral  cortex  in  tlie  size  and  regularity  of  shape  of 
3s  and  in  the  relative  thickne«8  of  the  aevenil  loyers.  It  is  especiaUy 
piioe  that  in  the  region  of  the  motor  oentres  and  pardeularly  in  the 
t  the  aeoending'  frontal  convolntion,  Bonie  of  the  deeper  pyramidal 
f  l^fg^f  and  aie  arranged  in  more  or  less  defined  groups  or  nefita 
n  ihMi  sise  these  deeper  cells  are  often  termed  the  •*  giant-oeHfi  "  of  the 
ex.  bat  hj  Lewis  and  H.  Chirke  they  are  namtHl  the  ''  ganglionic  cells  " 
ibed  SB  situated  amongst  the  smaH  cells  of  the  fcinrth  layer,  wMeh  is 
Knninated  the  ganglionic  lajer.  On  the  other  hand,  in  the  neigh boor- 
b^iiine  fiamre,  in  the  oceipital  lohe,  large  cells  ore  very  Ecantj,  their 
Bbtbe  most  part  taken  by  f^maller  onee.  Again,  in  many  parte  a  six- 
mgk  is  piodaoed  by  the  intercalation  of  a  lajer  of  small  angular  cells 
kliiid  layer  and  the  ganglionio  layer  (Lewis).*    Bat  the  most  remark* 

tended  account  of  the  structure  of  the  cerebral  cortex  in  mi&n  and  animids 
referred  to  a  paper  by  Berftn-Lcwis  and  H.  Clarke  in  the  **  Proceedings  of 
fia^,"  ToL  xxviL,  187S  ;  and  to  papera  by  Boran-Lewis,  in  the  *'Pkilo- 
"       ""  for  1880  and  lSi^2,  and  in  "&ain,"  and  by  Beti  in  ibeUed. 


4MrrS  UAJ09L,  DElTAft 

Am*  nuBAiA  (After  Eenk). 
Oh,  pftrt  of  ihn  g^B  hippc«ampi  or  uncincte  oon volution  ;  Mt 
deolAie  convolqiion  ;    between  them  is  tho  dentate  iiasare ;  i^V  fimfatiSy  «■ 
longituditukt  fibres  here  cut  tcrw  ;  I,  *A  medullaiy  oentre  of  Um  hipponMiiptI  | 
bqgod  mrotind  the  hi|»itocampu8,  i/*  &s  tbo  lo-called  alvcias^  into  tiko  tehci*  ;  \  { 
laijpB  pyfamid&l  oclLi ;    i,  itratum  radiatttm  ;   6,  ttnttim  JacinSMwii  ;  iL  ^V 
nwdnllajry  kmJDa,  invdniod  Aroand  tho  dentate  Umat ;  *\  leimiiiBaMB  of  liii  I 
Uio  film*  here  ninning  liiDgitodioaUj  ]  7,  niperioiAl  netuiagliA  oi  the  imdm  i 
*t  itniitiio  i^ranulcwam. 

StnictiLro  of  the  hippocamptis  mi^or  or  ooma  ammonts* — Thm 
pu»  it  will  be  remembered  corre?^i>tinds  to  the  bi|niocampa.l  fiaem^ 
fissure  sep<aLr»tiiig  the  uncinate  con  volution  bel<>w  from  the  foooiA  di*tti 
The  nncinftie  oonrolution  (%«  21)8,  b)  has  ihe  oidinary  st^nctore  qf 
gfiA,  bdiii:  oompoaed  of  a  eaporfidal  gn^  cott«at  and  a  thick  while 
gngr  oortez  i«  prolonged  aroand  tlie  MppcMrampal  flivtute,  tliere 


STRITCTUEE    OP    THE    HIPPOCAMPUS    MAJOR. 


361 


kened^  and  fonniii^  the  main  part  of  the  hippooampus ;  the  white  centre 
|long«d  over  the  projection  of  the  hippocampus  int-o  the  \'entricle,  but 
fczj  thin  in  thi^  ^tuation  wh^^re  it  is  known  as  the  alteuxt  It  id  covered 
SUanIinm  md  qpendyma  of  the  Tentricle. 

pu^  hippoGampAl  teore  the  grey  matter  of  the  hippoeampns  swells  ont 
lotched  lamtnifc  koown  as  the  fa-Kvin  dtntata  (dentate  conrolution,  fig*. 
j  The  white  loatter  of  the  alveos  is  in  like  manner  prolonged  over  thia 
I  far  as  itA  free  border ;  it  becomes  thickened  and  is  continuoug  with 
I  band  known  ae  t^^  fimbria  {Ft). 

pbeir  part  of  the  ^frej  matter  of  the  hippocampus  is  occnpied  by  several 
Dlecabljr  larige  pyramidal  cells  {^g.  310,  3)  with  long'  apical  proceaBes, 
embedded  in  a  neoroglia-matrix,  and  confer  upon  thli;,  e(<peeially  in  its 
'  i  a  etriated  aspect ;  hence  the  name  of  fttratam  raduitnm  is  Bometunes 
aifih  thii»  part  of  the  layer  (4).  By  their  bases  the  cells  rest  upon 
ayer  or  alvea-^,  into  which  their  axis -cylinder  processes  pass,  but  there 
jfc  porta  a  thin  layer  of  grey  matter  interYening*. 

1  to  this  ^tratvmof  lartje  pijramidal  vdU  and  their  prooesses^  is  a  layer 
\  of  which  is  characterized  by  its  optnly  reticulate  stracture  {xtratum 
^  5).  The  texture  is  more  condentied  both  in  ibi  superficial  and  in  its 
,  and  in  the  latter  are  a  nomber  of  bmall  cells  {Mtratnm  tjmnHU^num^^ 
are  nnmeroii!?  in  this  part,  which  appears  to  correspond  wiUi  the 
I  layer  of  the  series  met  with  iii  the  typical  convolution.  8nper- 
\  a^m  ifi  a  well-marked  layer  of  mcdullated  ibres  continuous  yn%h  the 
1  white  substance  of  the  uncinate  con  volution  (see  p.  340).  It  is  known 
piutcd  medullary  lamina  (fig.  :ilO»  fi).  and  repre,'<ents  an  increa^eti 
at  of  the  thin  layer  of  white  fibres  which  is  ordinarily  found  next  the 
t  the  grey  matter. 

hsoia  dentate  the  large  pyramidal  cells  are  placed  in  the  centre  and  are 
h  arranged  :  they  arc  aurroimded  by  a  ring  of  closely  packed  small 
I  cella  (stratom  gmnnlofumt  %.  IMO,*),  outride  which  is  a  very  brtwid 
I  layer  of  neuroglia  with  a  few  scattere<l  cells, 

i  BtraetiiTe  of  the  oI£Eu:torF  lobe.— The  peculiar  structure  of  this  part 
ttn  can  b€f«t  be  understood  by  a  reference  to  its  mode  of  development. 
|ti>  be  formed  as  a  hollow  outgrowth  from  the  vesicle  of  the  cerebral 
Bft  (afterwards  the  lateral  ventiicle)»  and  in  most  of  the  lower  animals 
i  it  is  much  more  developed  than  in  miui ).  it  exliibit^  even  in  the  adult 
fk  central  cavity  (lined  with  ciliated  epithelium),  and  in  some  this  retains 


L— fiacnoir    loioes  Titi  iqpdlk  op  tas 

r        OLflCTOKT  TiACt   (Heulo). 

al  mrfaise  ;  d,  dorsal  ridge.  Prom  without  in 
■aocettivdly :  (1)  a  thin  superficial  fnjer  of 
1(2)  a  (darkly  ahodod)  layer  of  tmnsvereely 
iilry  fibm,  of  very  UQequal  thick dchs  io 
bta  ;  (»)  the  central  grey  matter  projectiDg  up 
bvl  ridge  and  here  and  there  exteuding  to  the 
I  partially  interrupting  the  medullary  layer. 


L 


life  ite  oonnectkm  with    the   lateral 

The   wftDs  of    the   hollow   oatgrowth 

:encd  and  differcntiatefi  into  a  central 

jlia  next  the  cavity,  a  well-marked  in- 

lajer  of  white  snhetanoe  ontsiJe  this*,  and 

layer  of  grey  matter  siirrounding  the 

_iji  and  apes  Uie  same  changes  occur*  but  the  cavity  becomes  completely 

and  in  its  atead  we  find  nothing  bat  the  central  neuroglia,  which 

the  moat  part  a  tract  flattene<l  out  laU^ally,  and  containing  but  few 

le  white  or  mednUory  sulj^tance  around  this  appears  in  section  in  the 

Iflattened  ring  consisting  for  the  most  part  of  longitudiual  white  ffete^, 

fme^iay  tract  the  periphtml  Ujrer  of  grey  matter  is  very  thin  and  incoxk- 
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spicnonB,  80  that  the  white   ^nb^tancie  almost  everywhere   ^howi 
except  along  the  dorsal  ridge  where  there  is  on  accumulation  of  Uie 
stance,  extending  into  and  partly  interruptiiig  the  roedollaTy  ling  (if J 
In  the  bulb  on  the  other  hand  tliis  dorBal  accumulation  of  grey 
seen;  but  upon  the  ventral  Fide  of  the  fiattened  mednllaiy  ring  (fig.  311 
in  place  of  the  thin  scarcely  visible  layer  of  grey  pabetnaoe  in  the 
ing  situation  in  the  traott  0everal  complex  layers  are  f/ound  taHtiam^^'' -^^ 
tihe  gi>?ater  part  of  the  thickness  of  the  bulb,  what  was  originallj  fk^ 
cavity  being  consefjucntly  now  placed  ne^x  the  dor»al  surface.    TheK 
Been  in  section  occur  in  the  following  order  from  above  down  (fig.  31U 
The  fjranuh'  layer  (fig.  312,  4)  lying  nest  to  the  ventral  surface  of  thei 
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there  are  pevNi 
addition  a  number  of  reticulating  bundles  of  medullated  fibree  oonceDtiio  fe^ 
most   part  with  the  superjacent  medullary  ling.  and  serving'  to 
"  granule;^**  into  groups,  which  occupy  the  meshes  of  the  plexus  fonned  Ijl 
nerve-bundles.    Some  medullated  fibres  alwj  pass  vertically  in  this  layer  (L.  C 

The  intrrmcfliute  or  itrrre-cell  ht/rr  (t>),  which  is  partly  marked^ff  fioa  1 
granule  layer  by  the  presence  of  cleft- like  lymphatic  spaces  (5),  c^oiisi^ta  of  gwj^ 
gelatinoui)  substance  (neuroglia)  in  which  nervo-cells  are  embedded,  Infiif 
for  the  moat  part  a  pyramidal  or  conical  shape,  like  tho#«  which  cbanctcfoilkr 
groy  matter  of  the  cerebral  convolutions.  The  largest  of  thes«  oelb  lii  w^ 
to  the  granule  layer,  where  they  form  an  almost  continuous  stratoniy  ^^ 
baaes  being  directed  towards  that  layer,  and  their  apices  projecting  4iOWUWt^ 
into  the  grey  substance  of  their  own  layer.  They  appear  to  oorroipood  to  I 
stratum  of  large  nerve-cells  in  the  deeper  part  of  the  cortex  of  tiie  i 
hemitq^hems^  Smaller  cells  lie  ecattered  in  the  neuroglia,  which 
also  by  numerous  medullated  fibres, 

iMpf  if  t/it  olfitctvnj  glmnrrnli  {7Y     The  remarkable  bodies  which  > 
terize  thiiM  stratum  were  &cal  ^^^i^i^k^  \£%  1^^*^  va.  c^Usn^bi&nclia  ii^  Jf 
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^  Clarke  in  nmmmaU.    They  appear  to  oonsidt  of  rounded  neitt  of  small 

»    jwobably  smmll  gangflion-cella  which  give  ongin  to  the  fibres  of  the  olfactory 

^.     The  glomeruli  form  an  irregnlivr  layer  one  or  two  deep,  anrl  are  separated 

<me  another  by  bnndles  of  non-inednllated  fibres  wliich  pii^s  into  the  &nb- 

^fc    lAjer.    Within  each  glomemlusT  the  iier\'e-fibrea  are  found  to  form  a 

1  coDToIution  amongst  the  celk. 

•  of  ol/actifTjf  ngrv0'jihrei  (8)-    This,  the  deepest  layer  of  the  bnlb,  consiste 
^       ^      of    btmdlM  of   non-mednllated   nerve-tibreHi,  which    become  collected 
^     1^    Into   a  dense  plexus  before   sending  down  the  branches  (*  *)  which  pass 
~  .  the  perforations  in  the  cribriform  plate  of  the  ethmoid  bone. 


the  whole  of  the  olfactory  tract  and  btilb  has  been  generally  termed 

anatomists  the  olfactory  nerve  or  first  pair,  the  facta  bronght  to  lig^ht 

fltody  of  their  development»  comparatiFe  anatomy,  and  microscopic  stmcture 

indicate  that  theise  ports  ate  not  homologous  wiUi  the  ordinary  cranial  and 

nerre-rootB  bat  are  in  reality  ports  of  the  brain  it^lf.     It  is  supposed  by 

that  the  hiyer  of  olfactory  glomcmii  is  homologous  with  the  ganglion  on 

root  of  a  spinal  nenre. 


OKIGIK    OF   THS    GHAlf£AIi   NUBVKS. 

Xjo.  degeribing  the  origin  of  the  cranial  nerves  the  surfuce  attachment 
superficial  origin  of  the  roots  has  to  he  diatinguisheLl  from  thiir 
origin  in  the  collections  of  nerre-cells  known  as  the  nudti  of  the 
ive  nerve-roots.  Host  of  these  nuclei  have  been  already  referred 
the  desicription  of  the  medulla  oblongata,  pons  and  niesencephalon, 
It  their  situation  and  rehitions  may  he  here  briefly  recapitulated. 

\e  olfactory  tract  and  bulb  (fig.  313,  i)  form  what  have  usually 
tn  described  as  the  first  or  olf&ctoty  nerve.  As  already  stated  they 
really  however  a  part  of  tlie  cerebral  hemisphere,  aod  must  be 
led  as  forming  a  distinct  lobe,  the  lobm  olffuioriits.  Their  struc- 
and  atttichments  have  already  been  de^ioribed,  Tlie  fibres  which 
from  the  olfactory  bulb  through  the  pcrforatious  in  the  cribrifurm 
\  of  the  ethmoid  hone  to  be  distributed  over  the  upper  part  of  the 
al  mucous  membmne,  collectively  represent  tlie  firet  cranial  nerve. 
The  second  or  optic  nerves  (fig.  ol^,  ii),  which  arc  dcveloptd  as 
tioUow  outgrowths  of  the  wall  of  the  first  primary  cerebral  vesicles,  come 
^ff  on  ca<."h  side  from  the  anterior  part  of  the  chiasma,  and  enter  the 
Dptic  foramina.  After  curving  round  the  crura  cLrcbri  from  their 
origin  in  the  geniculate  bodies,  the  posterior  part  of  the  thalaiiii,  and 
anterior  quadrigeminal  bodies  (sec  p.  32u  and  figs.  2<50,  1*01),  the 
lie  tracts  enter  the  chiasma  at  its  posterior  and  lateral  augles.  In  the 
na  the  fibres  of  the  tract  for  the  most  part  pass  diagonally  across 
to  enter  the  optic  nerve  of  the  opposite  side,  but  a  few  filircs  pass 
diiecUy  into  the  optic  nerve  of  the  same  ^v^^. 

In  idditton  to  the  fibres  which  enter  the  optio  nenres  there  is  a  Fmall  band  at 
I  the  povtexior  pait  of  the  optic  tract  and  chiaama  which  simply  passes  across 
tmiting'  tbe  two  innor  g«nictilat«  bodies.  This  is  the  infrrurr  emnmutitre  of 
Gftdden.  A  similarly  arched  bnnille  of  fibres  waa  formerly  describc?d  at  the 
anterior  margin  of  the  chiasma,  oa  serving  to  unite  tbe  retintc  of  the  two  sides, 
\  its  eziMence  is  considered  doubtful  by  most  observers,  although  it  has  recently 
L  alBrmed  by  Stilling*. 
In  *n  the  lower  vertebrates,  and  in  maoy  mammals,  the  decussation  of  the 
optic  tracts  is  complete  ;  that  is  to  say,  all  the  fibres  of  the  optic  tract  of  the  one 
aide  (with  the  exception  of  the  small  inferior  commissure  just  alluded  to)  pass 
aczoes  into  the  optio  nerve  of  the  same  side.  But,  in  some  mnrnmals  at  least, 
Inclnding  man,  there  are  strong  rea-aons,  chiefly  derived  from  pathological  obscr- 
Tatioiu,  for  belierizi;^  that  a  few  of  the  §bres  do  not  thus  decnss&te.    Tbe  diS^* 
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cnlty  of  trmdng  the  course  of  the  fibrea  in  the  cMasma  U  rerj  \ 
quence  of  the  fiict  that  they  take,  not  a  Rtraig-ht*  but  a  ciin*i!d 
the  coTumiBsure*    TIk;  fibres  of  the  optic  tract  come  from  the  wa 
gemiDftl  body  through  its  brachium  ;  from  the  inner  grcnicitlate 
external  grenicalate  body  and  the  thaiamuu  ;  and  lastly  a  few  are  j 
into  the  anterior  part  of  the  tract,   where  thia  is  in  contact 
cinereum,  from  the  hai%al  otitic  f^ngllon  of  MejTiert  (eee  p.  327). 
Stilling  a  bundle  of  fibres  parses  to  the  optic  tract  from  the  oorp 
cum.  and  another  bundle  can  be  traced  up  to  it  from  the  pyrasudal  d 
in  the  medulla  (-irch.  f,  micr.  Anat.  xviii,  1880).  _ 

The  third  or  oculomotor  nerra  (fig.  313,  nr)  ariBes  fi-om  af 
large  yellowish  cells,  on  cither  Bide  of  the  middle  line,  in  the  grqf 

Fig.  SI  3. 
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Fig.  313. — Bass  of  thi  ukaxm  with  the  oaiatirs  of  tax  ciniBajk^ 

Themsou).     ^ 

Thin  figure  is  t&kec  from  an  adult  male  brain  which  had  beta  banlcaed 
If  ^t»criar  longltudhial  ^sanre  ;  2,  ilie  olfactoty  %tmOi  and 
oon^^nJiitionH  ;  2'\  itiferiur  frontal  oonroLutioa  ;  3,  3,  3«  flann^  of 
teiuiK»ro-spbe»oidal  tolje  ;  5,  It\  oeeipital  lobe  ;  6,  oa  tbe  ri|rbi 
niedulhi  oblongata  above  Ibe  doeiUHition ;  7,  amygdaloid  lobe 
6,  bivontfiil  lobe;  9,  ilender  lobe;  10,  posterior  iafcrior  lobe  ;  ^,  tW  iaMi 
form  procc«K ;  I,  oUncioTy  h\\\h  ;  V,  the  tntcl  divid«M{  uii  the  left  side  ;  I|| 
anterior  perforated  irfiot,  uiarka  the  right  optic  nerre  ;  Ibe  left  tuifi  Ito^a  cat  aim 
on  the  nght  erui  cerebri,  douoten  the  third  nerv«  ;  IV,  the  fourth  mm  ;  T,  «l 
Vf,  on  the  pons  Yarolti,  tbe  Hixtb  ;  VII,  alao  on  the  pons  Vardlii.  Um 
aaditory  ner^e  on  iu  outer  Mid«  ;  XI,  on  tbe  cei^bellum  below  tlae 
tbe  spinal  aoocMory  nervu  :  Mireen  it  aod  the  aoditory  are  seen 
aod  the  TtgitM  ;  XII,  on  the  ai>per  part  of  the  left  amygdaloid  lob«^ 
gkMaat  nerre  ;  C**,  on  the  laiDa,  tbe  suboocipital  nerrc. 
Cooipan  abo  %.  ^0  and  96I»  pp.  283  and  2S5. 
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'  of  the  Sylvian  aqueduct,  in  the  region  of  the  superior  corpora 

aina  (fig.  286,  B)  extending  as  far  forwards  as  the  level  of  tlie 

Gommisstire.     laferiorly,  it  is  continuetl  with  smrcely  any  iii- 

rtbe  nucleus  of  the  fourLh  nerTc.     From  tliis  t-uhunu  of  ei^la  the 

forwards  throagh  the  tet^jmeutum  and  tlie  tei^^nieiitfd  nueieus, 

iutlj  through  the  substantiii  nigra,  to  emerge  at  the  line  of  the 

liK>tor  groove  on  the  inner  Burftice  of  the  crus  cerebri  close  to  the 

A  small  part  of  the  TOiit  often  emerges  from  Ijetween  the  tihres 

icmsta,  and  joins  the  traiik  of  the  nerve  iodependeiitly. 

m  the  nucleus  of  the  third  nerve  a  few  fibres  pass  towanls  the  raphe, 
^  to  join  the  nerve  of  the  oppo-^ite  side,  perhapa,  as  Meynert  supposes,  to  pass 
■s  rectst  and  enter  the  pyramidal  tract  of  the  other  side,  and  to  be  coa- 
L  along'  this  to  the  cerebrum « 

B  fbmrth  or  troclilear  nerve  arises  from  a  nucleus  which 
U  the  region  between  tlie  supiirior  and  inferior  qnadrigeminal 

Fig.  3U. 


nJF\ 


fig,  314. — SiCTxoirs  tiiRotiaH  tus  oaionr  of  tek  fourts  vsryi  (Stilling).     ^ 

tnoiftfieivd  section  at  the  plAce  of  eDncrgcnce  of  the  nerve- fiV>res.  B,  obliqnc  section 
d  iJong  the  eoime  of  tho  bundlua  from  the  iiucIceim  of  origin  to  the  phice  of  emer- 
Aq^  Sylvian  aqueduct,  with  ita  sujnrouudiiig  grty  matter  ;  /T,  thu  nerve-buadles 
ing  ;  /F,  d«Gumktion  of  the  nerves  of  the  twu  titles  ;  fV'\  a  romid  hiindlo  pa^inj? 
ranis  by  the  side  of  the  aquednct  io  cinci^  a  little  bwcr  down  ;  n,  I  Vj  nucleusi  of 
wrth  nerve,  /,  fillet;  t.  c.  p.^  stiperior  cerebellar  pedtiridc;  fi.  K.,  dc^cendiog 
lllke  fifth  nenre  ;  ply  posterior  lotigitudioal  bundle;  r,  raphe, 

M  immediately  below  that  of  the  third  nerve.  The  cells  are 
Klhaa  those  of  the  nucleus  of  the  third  ncrre.  From  them  its 
j^asB  obliquely  domiwards  and  backwardi?,  uniting  to  furm  oiie  or 

Tonnd  well-marked  bundles,  which  run  in  the  wall  of  the  afpieduct 
ach  its  posterior  ext rein ity  (fig.  :3U,  /F")  ;  here  the  filirca  curve 
rdsand  pass  over  the  comnieuccment  of  the  iKjueduct  in  tliL'  anterior 
lilarr  velum  across  to  the  opposite  sidr,  emerging  from  the  velum 

to  the  middle  line  (fig,  1^87,  IV.),  and  pfi«sing  maud  the  crus 
>ri  to  reach  the  base  of  the  brain  (fig.  ;^1:J,  IV. ). 

****^««g  to  some  obserrerH  the  decoj^isation  of  the  two  nerves  is  not  complete, 
I  the  fibres  are  derived  from  the  nucleuK  of  tha  mme  side. 

.  or  tri^emiiLal  nerve  emerges  froro  the  side  of  the  pons 

nearer  to  the  opp«.T  tiirni  to  the  lower  Itonler  (fig.  ;^i:i,  V.).     It 

of  two  parts  of  unLH[Uid  size,  tlie  smaller,  motur,  rt>ot  being 

.  from  the  other  h/  &  far  tnumversc  fibres  of  the  puna. 
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Tiie  motor  root  arises  from  a  nucleus  {motor  nuckm  aj  tir| 
fig.  27S,  nv\  ^y^,  811],  ?i  V^),  which  lies  jnsfc  below  the  latenl  i 
the  fourth  ventricle,  immediately  in  advance  of  tlie  facial  tiuv-li 
mesial  to  the  lartrcr  sensory  nucleus  of  the  filth.     The  cells  of  tHti 
nucleus  are  lar^^e,  ramified  and   pigmented.     The  motor  r')i,i 
emerging  from  its  nucleus,  passes  obliquely  forwards  and  out^ 
is  joined  by  fibres  IVoin  the  so- called  descemlmf/  root  of  the  fifth  { 
B,  n  P).     The  fibres  of  this  arise  at  the  side  of  the  grey  i 
aqtieduct  in    the   rejiioii   of  the  superior  corpora   quadriga 
some    large    cells  which    occur    in    the    t^rey  matter    there 
creasing  in  number  as  they  piss  downwards  form  a  small  but  ( 
bundle  of  relatively  large  fibres  in  the  h>\ver  part  of  the  me 
(fig,  31-4,  A,  d  V).     Tlie  motor  root  is  ftirther  joined  by  fiVireil 
raphe  (sec  fig.  27 it),  suppesed  to  come  either  from  the  nucleoid 
other  side,  or  from  the  pyramidal  tract. 

The  sensory  root  springs  for  the  most  part  from  the  mftmar^^ 
nnckm  of  ike  fifth  (fig.  315,  n  V^ ;  fig.  273,  n  r)  a  collection  off 
nerve-cells  of  greater  extent  and  less  compact  than  the  motc»riia 
on  the  outer  side  of  which  it  lies.     It  receives  also  a  cruisideraMc 
of  fibres  derived  from  the  so-called  ascendmif  root  o/ t/te  fifth  [ii^l 

Fig*  315,  Fig.  315,^ — Diagrams   to  sbott  tdi 

^  2  TION     OF    THE     CBtEW    IfKETl-I 

TttC   MEDITLLil  AKH  FQTXa,      XATT&al 

A,  from  Kebiud  ;  B,    profile  tj**  di 
rigtit  balf.,  the  medyilhi  and  pom 
Becterl^  and  siippojied  to  be  trmo^panofL  ] 

'aK  /    tt         SB"    I nuclei  whkli  aro  nearest  the  postenori 

in  A,  and  the  ine&ial  plane  in  B  an  i 
moreUghtlj;  o»  oHvaiyiiiicleaR;  #.tf.«« 
olivary  HUcleiiB  ;  ptf,  pjramulal  tact;  sl 
inferior  nucleus  and  ascending  rml  di 
fiftb  nerve ;  ?i  If"^,  superior  nensorfn 
ttic  fifth  ;  H  V^t  motor  nuf^le^os  of  kit  I 
n  F\  fibrfis  of  the  d««oeDdiiig  lovltfl 
fifth  ;  n  VI,  nucleus  of  the  aixtk 
VI ;  n  VH,  ntjcleua  of  the  (mM  i 
]^^yi  Yli^  facial  root  issuing ;  57,  it4  genii :  ■  I 

princiiml    nucleus   of    tlie    auJitorf 

n  JX,  M  X,  w-  X/»  nucleus  of  the  gloasopliaTyngeal,  vagus  and  spinal  acecMor^  i 

n  XII ^  nucleus  of  the  bypoglosaal. 

B,  n  F').  This  is  tlie  well-marked  bundle  seen  cut  acro^  in 
sections  of  tlie  medulla  oblongata  and  fwus,  coursi ug  in  close  conti 
with  the  gelatinous  substance  which  forms  the  upward  prolongntioBl 
the  tubercle  of  Rolando.  Its  fibres  are  lielieved  to  arise  from  tbei 
cells  in  the  gelatinous  substance,  which  luis  accordingly  been  tenmrffl 
mfermr  nuckns  of  ike  fifth.  The  sensory  root  af  the  fillh  also  reorifl 
fibres  from  the  raphe,  and  others  are  belieyed  to  pass  into  it  ivam  d" 
cerebellum. 

The  senf^ory  nucleus  la  coveretl  superficitdly  by  the  eubstantia  femfU* 
a  oollectiou  of  large  deeply  pigmented  Derve-cellti,  which  extends  forwiiA* 
the  grey  matter  from  the  superior  fovea  a«  fai"  as  the  inferior  conpofi  ^8^^ 
gemiua.  These  cdis  however  have,  so  far  jib  m  knowTi,  no  luda-cy lindar  pvocMM*^ 
imd  no  connection  with  the  origin  of  the  fifth  nerve. 

The  si^h  or  abducent  u%x^%  \ac\«je&  ^wox  ^  \v\iRXs£Kis^  V^wk^^f  ^ 


Bther 

Breth 


-her  side,  whicli  are  accompanied  by  atmpby  of  tho  nudetis  of  the 
thns  mocoiuited  for  (Bnviil  and  LftUorde). 

rttiitli  or  &cial  uerre  {portio  dura  of  the  seveoth  pair  of 
^68  origin  in  a  nucleus  [nucltm  of  tk&  fftcial)  wliich  lies  in  tlie 
^cuWis  at  the  same  level  m  the  nucleus  of  tlie  sixth,  but 
ly  pla<3ed  in  the  sulistance  of  the  pons  {^^*  315,272,  /l  VIT). 
:  end  of  the  nueleus  comes  nearlj  in  contact  with  the  motor 
'  the  fifth,  so  that  the  two  rmelei  are  often  described  as  one  ;  its 
is  in  a  line  with  a  collectiou  of  ^cy  matter  in  the  medulla  known 
;leasanibiguuB  (fig.  2fJ8,  n.am.l  From  its  nuelciis  the  fibres  of 
nerve  paas  backwards  and  inwai*ds  to  the  floor  of  tbe  fourth 
(firgt  part  of  the  root).  Here  they  are  collect^'d  into  a 
)nndle^  oval  in  Bection,  which  pfmses  for  about  five  millimeters 
in  the  fasciculus  teres,  immediately  beneath  the  ependyma 
itricle  (second  part  of  the  rout),  and  then  ctirvcs  outwards  over 
end  of  tbe  nuelens  of  the  skth  to  reach  its  outer  i^ide.  From 
third  or  ifisuiug  part  of  the  root  makes  a  sharp  head  (fjefiu, 
i,  g)  and  pii^es  outwards  and  forwards,  with  a  sli^^ht  downward 
n  to  apy>ear  at  the  lower  border  of  tbe  pons  Yarolii  in  a  line 
attachment  of  the  fifth  nerve.  It  emerges  from  the  medulla 
k,  in  the  outer  privt  of  the  depression  between  the  olivary  body 
restiform  >KMly,  and  is  often  firmly  adherent,  as  a  flattened 
the  lower  edge  and  even  for  a  short  distance  to  the  anterior 
r  Uie  pc»ns.  On  its  outer  side  is  the  auditory  nen^e.  A  separate 
\  of  the  facia!  nerve  {pits  iniermedm)  is  sometimes  attJiched 
^itory  and  facial  nerves. 

m  the  outer  side  of  the  unci  ens  of  the  ^xth,  the  facial  root  appears 
ffbreK  from  thjit  nncleiiB,  but  it  is  eomewliab  uncertain  whether  this  is 
case  or  not.  Its  fibres  are  reinforceti  by  the  axis-cjlindcr  proceases  of 
h  are  interpolated  nmon^  them  ia  tbe  first  and  second  parts  of  the 
ra),  and  alBO,  perhapn,  tbrongh  the  raphe  from  the  nucleus  of  the 
online'  to  Mevnftrt,  it.  mnv  h«^  nnnnpj-fWl  tbroosrh  the  raijhe 
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From  tlik  nucleus  oue  {tli^  inferior)  of  the  two  Toois  of  tbi 
nerve  arises  audjiQclining  outwards  in  front  of  the  restiform  IxJy, 
as  it  appeal's  on  the  surface  of  the  medulla,  a  reinforcement  from 
iif  the  mediilliiry  strise  which  hiive  j>asHed  over  the  onter  side  of 
form  body.  It  may  also  ohtain  some  trctm  the  restiform  hridy 
id  uncertain  w^hcnce  the  fi Ijres  of  the  Bbriie  mediiDares  are  deri' 
has  been  coDJectured  that  they  may  come  from  the  nuelens  of  th | 
site  Bide  fchroui^h  the  raphe. 

The  ouferi}!  superior  a  ad  if orif  nurkus  (nucleus  of  Deiters,  L 
mences  at  the  level  of  the  medullary  striis  where  it  lies  between  t 
nucleus  and  the  restiform  body,  and  extendi  upwards  from  here 
distance*  becoming  largiT  above  and  apj^roaching  the  posterior 
the  poDK  near  the  lateral  angle  of  the  fourth  A'entriele.     Its  cell* 
large,  whereas  those  of  the  inner  nucleus  are  small,  and,  acco 
Laura,  they  send  their  axis-cjhiider  procespes  towards  the  raphe* 
nucleus  is  traversed  by  longitudinal  bundles  which  pa^  to  or  ' 
cerebellum,  and  from  these  bundles  as  well  as  from  the  outer  nui 
superior  root  of  the  auditory  nerve  appears  to  arise. 

Both  Bupenor  and  inferior  roots  poAS  obUquelj  oatwiLrd^   A&d  unite  i 
single  trank  whicli  appears  at  the  lower  edgie  of  the  pon«  on  the  ontw « 
and  dose  to  tlie  faeml  nerve.     It  is  also  unite  J  to  the  lower  edge  of  tie  | 
opposite  the  inner  side  or  middle  of  the  restiform  body  from  which  it  ia  J 
emerges.     Both  roots  contain  nerve-et>n»  interspersed  amongst  thfeir  fibead 
in   the  inferior  root   tlicjse  cells   proiiuco  a   distinct  pyriform   sweUifif 
nerve-fibres  of  the  inferior  root  are  mnch  smaller  than  those  of  the  Bttpenor 

In  addition  to  the  two  nuclei  above-mentioned  there  is  a  collecticti  <rf  i 
matter  and  nervc-celb  lying  between  the  auperior  root  and  the  restiforBl 
and    extending"   downwards  into  tJie  angle  between  the  inferior  root  \ 
body.   T\m  hat> received  the  name  of  (j(%rmn'ij  audltonj  niwieujt.  IXa  celli,a 
of  small  size,  are   pccidiar  in   having  a  nucleated  sheath  like  the 
ganglion.    It  haa  been  snppoeed  to  give  origin  to  the  pars  intermedia  of  i 
faciah 

TJie  ninth  or  gloss opharyngeal  nerve  arises  from  a  colanm  i 
(nitrkus  of  ihf  t/hssophari/nqfai,  i\^.  315,  n  IX)  which  is 
behind  with  the  nnclcus  of  the  viif^ng.     It  comeg  close  to  the  smtefl 
the  inferior  fovea,  bnt  in  firont  is  overlapped  somewhat   by  the  ID 
audi torj  nucleus.     The  tibrea  of  the  Tlcr^■e  pass  irinn  here  outwardll 
forwdVds  through  the  medulla  to  emerge  by  u  series  of  five  or  six  J 
(fig.  2*n,  /A'),  attached  in  a  vertical  hue  to  the  lateral  surfkce  of 
medulla,  tho  highest  being  close  to  the  auditory  nerve.     The  i^>  'i 
fibres  of  the  gloBSopharyngeal  are  joined  by  some  of  the  fibres  of  die  i^  j 
called  solitary  bundle  (sec  below). 

The  tentb.   ov  Tagna  or   pnenmo  gastric  nerve  arisess  b^M  tli  | 
vaffm  tunkHin  (fig,  Tihj,  /*  A*},  a  cuuLiuiiatiuii  of  the  gloflsopharjngitj 
nu*  leijs  aljove  and  of  the  iwx3es&ury  nnelciis  beluw.      This  in  the  < 
p;ii-t  of  the  medulla  lies  inimediatelj  external  to  the  hypoglossal  no 
and  iR  marked  on  the  surfaee  by  the  triangiilar  raised  area  which  ! 
enperiorly  to  the  posteHt^r  fovea.     The  run  leus  is  f»artially  divided  ii 
two  parts  by  a  round  longitudinal  bundle  of  fibres  kiujwn  a^  tbe  4 
(artf  or  reqnratort/   bundle    {fig.  '2fI8,  /.«.)•      Of  the    two  the 
(h   X')   is  the  smaller  and    contains  but  few  cells;    the  iniMt 
deeper  part  (n  A')  contaiuB  a  large  number  of  cells,  and  from  rt  i 
directly  the  roots  of  the  nerve  pass,  reinforced  by  fibres  from  the  aolili 
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E^  take  mach  the  same  direction  through  the  medulla  as  do 
MSSophaiTngea],  many  of  them  trayersing  the  prolongation 
gelatinons  substance  of  Rolando ;  and  emerge  from  the 
ledSla  to  the  number  of  twelve  or  more,  attached  in  a  line 
tinuous  with  that  of  the  glossopharyngeal  roots. 

of  the  solitary  bundle  are  of  large  size  and  can  be  traced 
D  the  medulla  and  cord  as  far  as  the  region  of  ongin  of  the 
e  (Krause). 

mth  or  spinal  accessory  nerve  (fig.  315,  n  XI)  arises 
e  lower  part  of  the  medulla  oblongata  from  the  con- 
^wnwards  of  the  vagus  nucleus,  partly  along  the  whole 
I  cervical  portion  of  the  spinal  cora — mm  the  intermedio- 
and  adjacent  part  of  the  anterior  comu  below  (fig.  316), 
t  reticular  formation  and  base  of  the  posterior  comu  above, 
ovmer  (medullary)  part  which  joins  the  vagus  and  is 
dong  with  that  nerve  (vagal  portion) ;  the  latter  part 
on)  which  originates  from  the  cervical  cord  is  accessory  to 

nerves  and  supplies  the  sterno-mastoid  and  trapezius 
ie  part  of  the  vagus  nucleus  from  which  the  accessory  takes 


Fig  316. 


nov  or  UPPER  eitd  of  sptkal  cord 

mOV    WITH    THE    MEDULLA    OBLONGATA. 

irt  Clarke.) 

^y  posterior  fissnre  ;  p,  end  of  decussa- 
i;  Cla,  CIp,  anterior  and  posterior  roots 
I  Berre ;  XI,  root  of  spinal  accessory 


ced  immediately  behind  and  to 

le  central  canal  (fig.  267,  n  XI), 

remains  closed,  in  a  situation 

g  to  the  base  of  the  posterior 

e  spinal  cord ;  but  where  the 

L  opens  out  at  the  point  of  the 

>torius,  the  nucleus  lies  just  at  the  side  of  the  median  sulcus 

b  ventricle.    The  root-fibres  of  the  vagal  portion  have  a 

B:h  the  substance  of  the  medulla  like  those  of  the  vagus,  and 

this  part  of  the  spinal  accessory  resembles  a  separated  part 
It  receives  a  few  fibres  from  the  solitary  bundle.  The 
»  as  a  long  series  of  roots  the  upper  of  which  are  attached 
f  the  medulla  in  a  line  with  the  poeterior  roots  of  the  spinal 
,  and  the  roots  of  the  vagus  above  ;  while  the  lower  emerge 
5ral  column  of  the  spinal  cord,  which  they  traverse  in  their 
i  the  grey  matter. 
:>r  hypoglossal  nerve.    The  nucleus  of  ilie  hypoglossal  (fig. 

is  a  column  of  cells  nearly  three-quarters  of  an  inch  long, 
1  lower  part  of  the  medulla  lies  antero-laterally  to  the  central 
67,  n  XII)  in  a  situation  corresponding  to  the  base  of 

comu  of  the  spinal  cord  ;   but  soon  after  the  canal  has 

the  nucleus  comes  nearly  to  the  surface  of  the  fourth 
in^  indicate  by  the  narrow  triangular  area  on  either  side  of 
BUcus.  When  viewed  from  the  surface  the  grey  matter  of 
is  partly  concealed  by  transversely  coursing  fibres  passing  to 
The  anterior  end  of  the  column  is  round^,  as  may  be  seen 
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m  longitudinal  sections,  and  appears  connected  by  longitiidiial^ 
fibres  with  the  uucieuB  of  tLc  skth,  which  ako  lies  in  the 
teres. 

From  the  large  multipolar  cells  of  the  nucleus  most  of  the  i 
hypoglossal  arise  and  pass  outwards  and  forwards  throogh  thftf 
of  the  medulla,  to  emerge  hy  a  series  of  fine  roots  at  the  fmiw 
the  pyramid  and  olive,     fckime  fibres  are  said  to  be  derived  th 
raphe  Irom  the  nucleus  of  the  other  sidCt 

la  addition  to  tho  liypo^lossal  nucleus  proper,  a  portion  of  gwy : 
OS  the  nucleas  ambigruus  (fig*  2GB,  ?iJ  ftm),  projecting-  into  the  f( 
lans  of  the  lateral  area  of  tho  medoUa  and  co^xbensiTe,  aoooidii| 
with  the  nucleus  of  the  hypo^lossalr  is  stated  by  that  obserrer  to 
through  tho  raphe  to  tko  hypoglossal  of  the  opposite  side.  On  thi 
the  hjrpogloB^  roots  are  said  by  Meynert  to  be  reinforced  by  the 
proceaaea  of  a  group  of  nerve*cellB  (anterior  or  accessory  nucleus  of 
glossal)  which  lies  a  little  I'cmoYcd  from  tho  main  nucloud  on  the 
and  iB  traversed  by  the  fibres  of  the  roots.  La^y,  in  oommon  i 
other  nerves,  tho  hypoglossals  are  supposed  to  have  a  crossed  oommaBi 
the  brain  through  the  pyramidal  tracts* 

Jtteynert'ii  iriewa  of  the  relations  of  the  parte  of  tlia  nerroot 
To  Profe!?*or  Me^-neri  of  Vienna  Ib  due  the  credit  of  an  attempt  to 
the  results  of  piodcm  investigations  into  the  structore  and  reliii 
various  parts  of  the  central  nervous  system ^  the  attempt  being 
idea  or  scheme  of  the  relations  of  the  parts,  which  may  indeed  in  i 
detaHfl  have  to  undergo  modiScation  with  the  discovery  of  new  factt, 
neverth^esB  has  served  and  will  no  doubt  continue  to  eerve  a 
a  starting-poiiit  for  renewed  attempts  to  arrange  in  due  order  the 
complicated  detaUa  which  are  constantly  accumulating. 

Heynert  groups  the  grey  substanoe  of  the  central  nervous  sytM 
categories. 

X.  The  super Ecial  grey  suhstance  of  the  cerebral  hemispli* 

2.  The  grey  substance  of  the  Cerebral  ganglia  (caudate  nadem, 
nucleus,  optic  thalamus,  corpora  quadrigemina,  locus  niger,  Jta). 

S«  The  grey  substance  which  surrounds  the  central  cavities  of  tbe 
epinal  cord.  Commencing  above  at  the  infnndlhuliimj  it  lines  the  Ukfi 
and  the  aqueduct  of  Sylvius^  extends  through  the  fourth  ventricle,  id 
the  canal  of  the  spinal  cord 

4>  Tho  cereWllum  and  its  appendages,  including  the  grej  mfatltf 
inferior  mcduMary  velum  and  the  pona  traversed  by  its  commiasatal  fil 

If  the  whole  tract  of  nervous  conduction,  from  tho  grey  matter  of  tl 
convolutions,  on  tho  one  hand,  to  the  peripheral  terminatiotns  of  tbi 
BcnBo  and  motion  on  the  other,  be  regarded  as  a  whole,  it  is  seen  to  tl 
iecond  aud  third  groups  of  grey  substance,  viz. :  that  of  the  cerebral  gt 
that  of  the  central  grey  substance.  These  divide  it  into  three  segmentir 
middle,  and  lower.  These  three  segments  are  tenned  prtQeet^-tiifA 
the  fonotion  of  the  whole  nervous  tract  may  be  considered  as  beinf ' 
the  external  world  on  the  cercbrjil  convolutions,  and  conversely  tht  d 
the  cerebral  convolutions  upon  the  motor  organs. 

*T\i^fnt  ji^f^jcethm  sytUni,  between  the  convolnttons  and  the  ceeete 
(corpnjs  striatum,  &c.),  corresponds  for  tho  most  part  to  the  oonma  nfll 

Tlie  ticojid  projection  itjistvm  connects  the  cerebral  ganglia  to  the  ee 
matter.  As  the  latter  extends  from  the  third  ventricle  to  the  Iow«t  « 
flpjnal  cord,  the  fibres  of  this  system  are  of  very  various  lengthai 

The  third  jfffijecthm  jttfxtfm,  from  the  grey  matter  of  the  oenial  4 
the  muBcles  and  terminations  of  the  eensory  nerves,  oorreeponds  DM 
peripheral  nerves. 

The  other  systems  of  fibres  are  (as  oonunonly  enumerated)  the  m 
such  08  the  corpus  callosum  and  anterior  commianure,  which  miiti 
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Idlfferetit  hemispheres,  and  the  aufmatu)n-§yat^vi  of  fibres  which  unite 

1  ic;gion9  of  the  same  hemisphere. 

I  to  tlia  puMge  f rom  the  first  to  the  second  projection-sjstemr  which  i» 

pbe  efleetedin  the  cerebml  gang^iia,  it  should  be  remcirked  that,  eince  it 

I  that  the  fibres  of  the  pyramidal  tract  pass  directly  to  the  cerebral 

at  trarei^ing  the  cerebral  ganglia,  it  is  clear  that  an  e-xception  mxiat 

these  fibres  nt  leaet,  if  not  for  others.    The  fibres  undergo  conside- 

taon  in  number  in  passing  from  the  first  to  the  second  sjatem,  the 

»  eras  being  mach  fewer  than  those  of  the  corona  radiata.    On  the 

,  in  the  tranaition  from  the  second  to  the  third  projection-systemt,  in 

aoe  of  the  central  cavities,  the  fibres  undergo  a  great  increase  m. 

peripheral  nenre-fibres  being  much  more  nunterons  than  those  of 

[  of  the  cord. 

L  of  the  fibres  of  the  eras  into  two  portions,  an  anterior  or  lower 
1  npper  or  posterior  (frffmenfal),  tqelj  be  extended  to  the  cerebral 
L  irliidh  the  fibres  of  each  portion  respectively  terminate  above.    The 
1  with  the  cmsta  are  the  lenticular  nucleus,  the  caudate  nuclens 
t  nigra ;  or  this  latter  may  be  connected  with  an  intermediate  eet 
a^  neither  to  the  emstal  nor  to  the  tegmental  6et.    They  ar@ 
1  (Tsy  part  of  the  firat  projection-sy&tem)  chiefly  with  the  anterior  part  of 
I,  And  «nbeenre  for  the  meet  part  voluntary  motion.    The  ganglhi  of  tho 
jue  the  optic  tholami,  corpora  quadrigemina^  coiix)ra  geniculata 
\  Aiftd  corpora  alhlcantia,  and  snbeerve  chiefly  reflex  movements. 

fibres,  which  are  thought  to  be  sensory^  pass  up  from  the  posterior 
I  of  the  cord*  and  form  the  posterior  and  outer  f  ascicuK  of  the  crusta.    They 
igh  no  ganglion,  bat  aaoend  behind  the  optic  thalamus  to  the  cortex  of 

lobe. 
ebeU&r  grey  substance  is  regarded  by  Meynert  as  forming  a  special 
ahunted  in  between  the  cerebrum  and  the  spinal  cord  and  con- 
t  the  cord  by  the  inferior  peduncle,  with  the  cerebrum  by  two  groups  of 
Kjl  ; — (1>.  Those  of  the  connecting  arm,  processus  a  cerebello  ad  cerehnnn, 
Irior  peduncle,  which  pass  from  the  corona  radiata,  under  the  thalamus 
Kpovm  qnatirigemina,  to  mix  with  the  fibres  of  the  tegmentum^  and  reach 
^jellxun  after  a  total  decussation.  (2).  Some  of  the  fibres  of  the  cmgta,  which, 
f  are  prolonged  downwards*  through  the  pons,  turn  aside  in  the  latter  and 
ibe  Cfiebellum  through  the  middle  peduncle.  To  this  circumstance  is  da© 
||  tltat  the  si  10  of  the  crusta  above  the  pons,  k  much  greater  than  that  of 
UMir  taact  into  which  it  is  continued  below. 
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oerebro-spinal  axis  h  covered  by  three  memhranes^  named  also 
tf.  They  are  : — ^1.  An  external  fibrous  membrane,  named  the 
ut^f  which  lines  the  interior  of  the  skull,  and  forms  a  loose  sheath 
\  snioal  canal ;  2»  An  internal  areolar  Tascular  tonic,  the  pmmnter, 
I  closely  covers  the  hrain  and  spinal  cord  ;  and  S.  An  iotermediata 
cnladT  membrane,  the  arachmid^  which  b'es  over  the  pia  mater, 
)  being  in  some  places  in  dose  connection,  in  others  separated  bj 

^^^B  THE   DtrHA   MATl^R. 

^^E?  mater  is  a  very  strong  dense  inelastic  fibrous  tunic  of  con- 
^B^thickncss.  Its  inner  surface,  turned  towards  the  brain  and 
Bcord,  m  smooth  and  lined  with  epithelium,  which  was  formerly 
tded  as  a  parietal  reflection  of  tlie  arachnoid  membrane,  this  having 
I  generally  looked  upon  as  a  serous  membrane.  The  space  between 
DJira  mater  and  arachnoid  was  fomaerly  in  like  manner  regarded  as 
» of  the  arachnoid,  but  is  now  convenieotlj  termed  the  subdural 
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jtpoffi.  The  outer  s!irfucc  of  the  flura  mater  is  connecteJ 
fiuiroiniding  parts,  in  a  somewhat  diilTent  manner  in  the  cna 
the  spinal  canal. 

In  the  craninm  it  adheres  to  the  inner  snrfaoe  of  the  1 
forms  their  internal  jieriijstemn.  The  connection  betwi^ei 
depend 3«  in  a  ^eafc  nicasare,  on  hlood-vesseis  and  small  fil 
OGSses,  whieh  pass  from  one  to  the  other  ;  and  the  dara  m 
detached  uikI  allowed  to  float  in  water,  prestmt^a  a  floocolent  i 
on  its  outer  snrface,  in  consecfuejice  trf  the  torn  parts  proji 
it.  The  adliesioii  between  the  membrane  and  the  bone  Is  mo 
opposite  the  sutures,  and  also  at  the  btise  of  the  skull,  whicl 
ana  perforated  by  nmneroug  foramina,  through  which  the 
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blended  wit!i  the  areolar  sheath  of  the  nerves  at  the  foramina ' 
exit  to  them. 

In  leaTiiitr  the  ekull,  the  dura  mater  is  intimately  attacl 
marf^in  of  the  foramen  magnum  ;  but  within  the  vert'ehm 
forms  a  loose  sheath  aroimd  the  cord  {ihrraX  and  is  not  adher 
bones,  win  eh  have  an  independent  periosteum.  Towards  the 
of  the  canah  a  few  fibrous  slips  proceed  from  the  outer  sari 
dura  mater  to  be  fixed  to  the  rertetine.  The  space  interrcnit 
the  wall  of  the  caoal  and  the  dura  mater  is  occupied  bj  \m 
arcoliir  tissue,  and  by  a  plexus  of  spinal  veins. 

Opposite  each  intervertebral  foramen  the  dura-matral  tbec 
two  ojwniii^Ts,  placed  side  by  side,  which  ^ve  passage  to  the 
of  the  corresponding  spinal  ner\'c.  It  is  continncd  as  a  tnbala 
tion  on  the  nerve  (fig.  317),  and  h  lost  in  its  sheath.  Beside 
comiet  ted  with  the  circumference  of  tlie  foramen  by  areolar  ti 
The  fibrous  tissue  of  the  dura  mater,  especially  within 
Is  di visible  into  two  distinct  layers,  aud  at  Tarious  places 
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9>m  each  other  smi  leare  intervening  channels,  called  mtuses^ 
which  have  been  elsewhere  described,  arc  channels  for 
jMood,  and  are  h'ned  with  a  continuation  of  the  intennd  coat 
heioB.  The  dinsion  into  two  layers  is  most  complete  at  the  baa© 
pLiiU,  in  the  middle  fossa,  and  in  the  ncighboarbofjd  of  the  cavernous 
on  the  outer  side  of  this  the  Giiisserian  ganglion  k  included 
[  the  two  layers.  Between  the  two  cavernous  siniiBos  the  pitJiitaiy 
received  into  a  depression  of  the  inerabrane,  which  closely  snr- 
(bc  organ  ia  qnestion,  except  where  the  infuudilmltini  entera  it. 
i  ftirthc^r  a  fissure  immediately  over  the  orifice  of  the  acfjnjcductus 
i^  and  here  the  prolongation  of  the  menibrunous  liihyrinth  of  the 
fwn  as  the  saccns  endoljmpbaticus,  ia  rec^nved  between  the  two 

luni  mater  also  sends  inwards  into  the  cavity  of  the  gknll  three 
^kmnbmaonB  procs98€fi  or  partitions  f>nned  by  duplication  of  its 
fer.  Of  these,  one  descends  vertically  in  the  median  plane,  and 
^ed  into  the  lon^tndinal  fissure  between  the  two  licmisplieres  of 
Bbrcmi*  This  is  the  fah  cerebri.  The  gceond  ia  a  sloping" 
partition,  stretched  across  the  back  part  of  the  skull,  between 
brum  and  the  cerebellum,  named  the  ientorium  cerehelU.  Below 
other  vertical  partition,  named /u/jr  cerehelH,  of  small  extent, 
otTB  between  the  hemispheres  of  the  cerebellum. 
&lx  cerebri  (fig,  3 J 8,  1)  is  narrow  in  front,  where  it  is  fixed 
Earlsta  galii,  and  broader  behind,  where  it  is  attacJied  to  the 
of  the  upper  surface  of  the  tentorium,  alou^  which  line  of 
lent  the  straight  sintis  is  situated.  Along  its  upper  convex  border, 
I  attached  to  the  middle  line  of  the  inner  surface  of  the  cranium, 
t  superior  longitudinal  sinus.  Its  under  edge  is  free,  and  reaches 
in  a  short  distance  of  the  corpus  callosum,  approaching  nearer 
bind.  Tliis  border  contains  the  inferior  longitudinal  si  una, 
bontoriiun^  or  tent  (fig,  318,  8),  is  elevated  in  the  middle,  and 

I  downwards  in  all  dii-ections  towards  its  circnniference,  thus 
ig  the  form  of  the  upj^r  surface  of  the  cerebellum.  Its  inner 
is  free  and  concave,  and  leaves  in  front  of  it  an  oval  open- 
rough  which  the  isthmus  encephali  extends.  It  is  attached 
and  at  the  sides  by  its  convex  border  to  the  liorizontal  part  of  the 
ridges  of  the  occipital  bone,  and  thei'e  encloses  the  lateral  sinuses, 
r  forward  it  is  connected  with  the  upper  edge  of  the  petrous  portion 
ipporal  lK»ne— the  suprior  petrosal  sinus  running  along  this  tine 
RmenL      At  the  iwjint  of   the  pars  petrosji,  the  external  and 

II  borders  mieet,  and  may  be  said  to  intersect  each  other— the 
htmg  then  continued  inwards  to  the  posterior,  aud  the  latt^ 

dg  to  the  antt^^ior  clinoid  process. 

fikbc  cerebelli  (falx  minor,  fig.  318, 13)  descends  fi"om  the  middle 
pMiUirior  border  of  the  tentoiium,  with  wliich  it  is  connected,  along 
Ptieal  ridge  named  the  internal  occipital  crest  towards  the  foraraeii 
un,  bifurcating  there  into  two  smaller  folds.  Its  attachraeut  to 
ny  ridge  marks  the  course  of  the  posterior  occipital  siuns  or  sinuses. 
nctnre. — The  dura  mater  consists  of  white  fibruus  and  clastic 
arranged  in  hands  and  lamime,  those  of  the  two  layers  crossing 
ther  obliquely  for  the  most  imrt  in  the  cranial  dura  mater.  In 
nal  dura  mater  the  bundles  have  a  more  nearly  parallel  arrangement, 
IT  of  flattened  epitheloid  cells  covers  its  inner  surface,  and  also  its 
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outer  surfaw  Ijetween  the  places  of  adherence  to  the  hones  i 
A  similar   layer  of  cells   also   covers  1>oth   sides   of  the 
mater*     The  emiiial  nnerabraue  is  traversed  by  numerous 
whicli  are  ehieffj  dcBtined  for  the  boiie»,  but  there  is  a  wide  i 
pilhry  network  with  peculiar  anipulIai-yenlar^'ment«,di8triboti 
inoer  surfaa^  of  tlie  cranial  dura  mater.     The  spaces  between  I 
trabeculse  cuutam  flattened  connective  tissue  corposclea  which  1 

Fig,  318, 


Jli^*''^% 


lif.  31 8. --Tub  cuAfriujc  opiorii»  to  show  tejs  fxuL  of  Tit«  etuKimc^v  .in  \ 

or  TItl  OXftKHELLUM,  AMD  THE  PLACES  OF  EXIT  OF  TBI  OlAltUL  IfKKTB^    (f 

1,  fidx;  2,  anperior  loDgitudinal  Binui  i  3,  oonca^e  Wder  of  th«  |dx|  4j 
loo^adtoji]  ftlnuv  ;  5,  hMQ  of  the  fab  ;  6^  tiinugbi  sinos  ;  7.  Miimarft^dm 
B,  right  siclo  of  the  tentonuni  cerebetlt,  seen  from  lielov ;  9,  UtenJ  liaBit  lilf 
prtnosftl  iinuA  ;  II,  infenor  petroe&l  sinus  ;  12,  pOflteHor  0Qcip4t«l  ilfiiii;  %%( 
bdU;  U,  n,  U,  17,  18,  »cc6Dd,  thinl,  fourth,  fifth,  and  •Ulh 
MfTcmth  and  eighth  nenre^  ;  20,  ninth,  tenth,  and  dcYoiiih  Mrrct ;  21, 1 
22,  23,  fint  and  second  cervical  iiervea  ;  24,  upper  tsad  ol  th«  UfM 

have  an  epithelioid  arrangement ;  these  spaoeSy  life  those  of  ( 
tissue  g^enemllj,  doubtlcfes  serve  for  the  parage  of  Ijmph, 
be  injectxid  from  the  epidural  space  where  this  exists,  and  tht 
fluid  cWbe  forced  along  them  through  the  thiekneas  <jf  *'     ^  ' 
into  the  fiubdural  space.     They  can  fJeo  be  fiUed  by  ii 
jecting  cannula  into  the  substance  of  the  membrane,    Aluimc 
fihmeiiitfl^  derived  from  the  fitlh  and  twelfth  cranial  mrvm^  fl 
the  mnpathetic,  enter  the  dura  mater  of  the  brain  to  1»  ttl 
chiefly  to  the  blood-vessels  and  to  the  bone,  but  partly 
membnmo  itself    Nervous  fdamenta  have  likewise  been 
dura  muter  of  the  epinai  cohmm. 
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la  mater  is  a  delicate,  fibrous,  and  highly  vascular  membrane, 
nmediately  invests  the  brain  and  spinal  cord. 

the  hemispheres  of  the  brain  it  is  applied  to  the  entire  cortical 
>f  the  convolutions,  and  dips  into  all  the  sulci,  which  thus 

a  double  layer.  From  its  internal  surface  numerous  small 
nss  into  the  substance  of  the  brain,  and  hence  this  inner  surface 
iocculent,  and  is  named  iomentum  cerebri.  On  the  cerebellum  a 
irrangement  exists,  but  the  membrane  is  finer,  and  the  double 
r  distinct  in  the  Iso'^r  sulci.  The  pia  mater  also  at  the  trans- 
sure  is  invaginated  mto  the  lateral  ventricles  and  over  the  third 
t  (covered  however  by  the  epithelium  of  those  cavities),  and  there 
le  velum  interpodtum  or  tela  choroidca  superior  and  choroid 
-  It  is  also  prolonged  over  the  posterior  wall  or  roof  of  the 
entricle,  where  it  forms  the  so-called  tela  choroidea  inferior  and 
pjgnuwg  of  that  ventricle. 

le  qrinal  cord  the  pia  mater  has  a  very  different  character  from 
dch  it  presents  on  the  encenhalon,  so  that  it  has  even  been 
d  by  some  as  a  different  memorane  under  the  name  neurilemma 
nL  It  is  thicker,  firmer,  less  vascular,  and  more  adherent  to  the 
it  nervdu  matter  :  its  greater  strength  is  owing  to  an  external 
Iqrar,  which  is  arrang^  in  longitudinal  glistening  bundles. 
f  this  memln-ane  dips  down  into  the  anterior  fissure  of  the  cord, 
res  to  conduct  blood-vessels  into  that  part.  A  thinner  process 
nto  the  greater  part  of  the  posterior  fissure.  At  the  roots  of  the 
both  in  the  spine  and  in  the  cranium,  the  pia  mater  becomes  con- 
with  their  connective  tissue  sheaths. 

3Ja  mater  of  the  cord  is  thickened  by  a  conspicuous  fibrous  band, 
\  down  in  fix)nt  over  the  anterior  median  fissure.  This  was 
by  Haller  linea  spJendens, 

ctiuw. — The  pia  mater  of  the  cord  consists  of  two  layers,  the 
ne  being  composed  of  interlaced  bundles  of  connective  tissue, 
le  for  the  most  part  parallel  and  lon^tudinal,  and  the  inner  or 
of  peculiar  stiff  bundles  bending  suadenly  and  enclosing  some- 
ignlS&r  interspaces.  Both  surfaces  of  this  mner  layer  are  covered 
imelioid  cells,  and  there  is  a  network  of  fine  clastic  fibres  near 
fiices.  On  the  cord  pigmented  cells  are  sometimes  scattered 
the  elastic  fibres.  The  outer  and  inner  layers  are  separated  here 
le  by  cleft-like  lymphatic  spaces  communicating  on  tne  one  hand 
i  sabarachnoid  space  and  on  the  other  with  the  perivascular  canals 
ately  to  be  mentioned.  In  the  pia  mater  of  the  brain  only  the 
r  the  two  layers  of  the  pia  mater  of  the  cord  is  represented. 
fisL  mater  contains  great  numbers  of  blood-vessels,  which  sub- 
n  it  before  they  enter  the  nervous  substance.  In  the  pia  mater 
ord  thqr  lie  between  its  two  layers,  but  in  that  of  the  brain  on  the 
of  the  membrane,  either  projecting  freely  or  covered  by  sub- 
id  trabecular.  Further  each  vessel  is  enclosed  by  a  sheath  com- 
f  a  more  dense  arrangement  of  the  fibres  of  the  membrane  (peri- 
r  sheath).  The  diameter  of  the  (lymphatic)  canal  thus  formed  may 
iderably  larger  than  that  of  the  contained  vessel.  A  similar  sheath, 

from  the  pia  mater,  accompanies  the  vessel  into  the  substance 
iraiiL    At  its  commencement  it  is  loose  and  funnel-shaped  and 


Tlic  spinal  pia  mater  is  supplied  by  nerves  from  tbe 
The  arrangement  and  Btrncture  of  tbe  choroid  pL 
bcea  described. 
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The  aracbnoid  is  a  delicate  inenihrime  which  is  situated  d 
pia  luater,  and  invests  the  brain  and  spiiml  cord  much  Icssii 
that  menihrane.  It  j^asses  over  the  varioys  eminences  and  • 
on  the  cerebram  and  cerehellnm,  withonfc  dipping  down  inul 
and  pmaller  groove?.  Beneath  it,  between  it  and  the  pia  d 
fipaee  (snbaraehnoid  space)  in  which  is  a  considerable  quant]| 
(subarachnoid  fluid) »  and  in  which  are  seen  tbe  larger  bJH 
passing  obUqucly  towards  tbe  braio.  I 

The  subarachnoid  space  is  larger  and  more  evident  in  80l 
than  in  others.  Thus,  in  the  long-itudinal  fissure,  the  aracli 
not  defic<:'nd  to  the  bottom,  but  passes  across,  immediately  belai 
of  tbe  falx,  at  Bome  distance  above  the  corpus  callosiim.  I 
terral  thus  left,  the  arteries  of  the  corpus  caHo.sum  run  backwai 
that  body.  At  the  base  of  the  brain  and  in  tbe  spinal  caual 
wide  interval  between  the  arachnoid  and  the  pia  mater.  In  tt 
the  brain,  tliis  sut^arachnoid  sj.mce  extenJs  hi  ftont  over  the  poii 
intei*pcduncular  recess  as  far  fonvards  as  the  Coptic  nerves,  and  1 
forms  a  considerable  intciTal  Ixitweeii  the  cerebellum  and  the  h 
medulla  oblongata  (fig.  819).  In  tbe  spinal  canal,  where  it  i 
the  cord,  it  is  of  considerable  extent.  It  is  occupied,  in  b( 
and  cord,  by  trabectihu  and  thin  membranous  extensions  of  deli 
nectivc  tissue,  connected  on  the  one  hand  with  tbe  arachnoi 
the  other  with  tbe  pia  mater.  This  tissue  is  most  abimdl 
the  space  between  tbe  two  membmnes  is  least.  It  is  den 
neighhourbood  of  the  vessels,  and  is  continuous  with  the  tissK 
walls.  In  tbe  Eubaraehnoid  space  at  the  base  of  tbe  brain 
places  tbe  arachnoid  is  separated  by  larger  intervals  than  at  o 
from  the  pia  inater.  J 

The  Buharaclmoid  space  comnmnicatos  with  the  TontriiCI 
brain  by  means  of  the  fommcn  of  Magendie  (fig.  319,  f  J/ 1.  d 
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tsabamehuoid  space*  (Bg,  -S20, 1%  I)  is  divided  by  an  imf»€rfecfe 
tnm  on  cither  side  termed  the  ligjiraentum  denticiilatuni  (g) 
■ior  and  f*oeterior  p<jrtions.  As  was  pointed  out  by  Slagendje 
»  exist  a  sort  of  septum  dividin*^  tlie  subtmichnriid  space  at 
of  the  ford  (septum  post ic ton  (cj),  the  relations  of  which  have 
efully  studied  by  Axel  Key  and  lletzius.  It  is  a  thin  rneni- 
IpartitioQ,  which  [itu^ses  in  tlie  median  plane  fi-om  the  pk  mater 
the  posterior  median  tigeiire  of  the  cord  to  the  opposite  part  of 


Fi^  ai9. 


If. — !?!BeTlrt3l  OP  TffE  PO<?TETtlOR  i7rt>  iOWl:R  FART9  OF  THE  BR.UM  WITHIK  THK 
CPLt,   TO   KXIinilT  TH2   SUBAaAOaSOlD  SPAC»,    A3ID   TtS   RELATION    TO   TUB  TIFTRI- 

iCk     (After  Key  ajid  Ketzius,) 

Acction  VM  made  in  the  (roxm  ttnte,  tlie  cavities  liAving  Wen  previously  filled 

.  at"  '  1^  J  2,  odontoid  process  of  the  axis,  2';  3,  tlim!  ventricle  ;  4,  fourth 

ie  .  ^iis  coUoaum?    C,  gynu  furnicatiis;  C\  cercbellutn  ;  ^  tontorum ; 

iti^ij.  .--ij  .  i,  Cf  central  caiial  of  the  cord  ;  fM^  in  the  eercliellu-im^dullary  part 
OBrtiaracfaDoid  »pace,  i»  clo^e  tu  the  forameu  of  Mugendie  bj  which  that  apace  coni-^ 
tea  wUh  the  fourth  veuthcJe. 

rt  poriioD  of  the  araehnoid  racmbmnc.  It  is  most  poTf*?ct  in  the 
region,  being:  incomplete  below.  It  consists  of  numerous  fine 
enclosing  between  them  small  spaces,  within  which  nm  the 
blood-re^ets.  Subarachnoid  trabeculji^  also  connect  the  uerve- 
fith  the  inner  surface  of  the  amclmoid,  and  in  the  d'^rsid  region 
embranom  trabecute  extend  between  the  posterior  nerve-roots  and 
celerior  septum.  In  most  parts  however  the  subarachnoid 
\dm  are    far    less  develoiK'd  in  the  spinal    canal  than  in  tlie 

nerr€8  as  they  pass  from  the  brain  and  spinal  cord  receive  their 
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perinciiral  mverin^  from  the  |iia  mater,  and,  in  additian,  \m\ 
Bheiiths,  an  outer  troiii  tlie  dura  mater,  and  an  inner  from  dil 
noid  (jijjr,  317).  Upon  the  optie  nerve  these  sheaths  remain  < 
Bepiirate,  so  that  the  Bpacc  which  each  encloses  maybe  injected, tki 


Fig;  820, 


Fi^.   320.— SwswK 


841.   ItSSIOS). 

a,  doTft  nukkr ;  I 

noid  ;   c,  sqitcun  [ 

CttUe,  th<»eeal/,/,i 
ing  bundles  of  »  ] 
ncrrc-root ;  ^^ 
donticulfttniD  ;  k,  i 
btmdles  of  an  i 
root  ;    Jr«    ^ 


I  AoierNra 


from  the  snh 
inner    from   Uw  i 
arachnoid  gpoct. 
the  other  ntnti  4] 
araehnoidal  ghci 
ceaeesy  and  the  i 
sheath  eventnally  blends  ivith  both  the  epineurinm  and  periiieuritiiti 
the  ner\'eB.    Accordingly  it  is  found  that  injection  tliiven  into  eitkl 
the  subdural  or  the  subarachnoid  Bjmce  passes  readily  along  the  ncfWl 
even  as  far  as  the  h'nihs.    There  tfius  exists  a  continuity  between  ill 
ventricles  of  the  bnun,  the  gubanichnoid  spac^e,  the  j)erivascular  canjosi] 
the  cerebral  substance,  and  the  lymphatjc  Kpaces  within  the  nerT^  -^ 

StnLCtnre. — When  examined  under  the  microscope,  th 
meuihraue  is  found  to  consist  of  distinct  riband-like  bundles  c^j 
tissue  interlaced  with  one  another.     The  intciTals  between  tli 
are  filled  up  hj  delicate  membranes,  composed  of  expanded  cell- 
of  which  persist  and  are  scattered  OTcr  the  stnictnre,     Sevti 
this  tissne,  arranged  in  a  complex  way,  constitute  the  arachnoia  ::-  -- 
brane.    The  gnburachtioid  traf3ecnlaj  consist  of  bundles  of  similar  k-^ 
fibrillar  ti^ue,  each  of  wliich  is  surrounded  by  a  delicate  nockit^i 
dieath,  also  composed  of  cells,  and  continuous  with  the  intcrtral'^^^^ii"' 
cell-membranes  of  the   arachnoid   itself.    The   finer   trabecnla? 
swollen  by  locetic  acid  very  frefpiently  show^  the  well-known  rin- 
oonstrictions.     The  snbarachnoid  membranous  expansions  have  a  wmiiiff 
structure*    In  the  spinal  arachnoid  the  fibril-bundles  have  for  the  moi 
part  a  longitudinal  direction, 

Volkmann  described  a  rich  plexus  of  nerves  in  the  arachnoid  tt«* 
brane  of  certain  ruminants.  Kolliker  failed  to  detect  their  prtseatxi 
but  they  have  been  again  described  by  Bochdalek^  who  tmoee  tlie&  to 
the  portio  minor  of  the  fi f^h,  the  facia!,  and  acceaeory  nervteBsflil 
they  liave  hkewise  been  followed  J>y  Luschka. 

Iiifiramentam  Detiticalftiuni.— Thi.^  is  a  narrow   fibrous   bftnd  wyeli  in* 

nlong  emh  bide  of  the  gpinul  conl  in  the  Fub&mohuoid  space,  batvoea  Ite  «i0>* 

nd  posterior  roots  of  the  nerves,  commencing  above  «t  the  forwnei  i 
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ttg  down  to  the  lower  pointed  end  of  the  cord  (fig,  214,  9,  and  %. 

f).    By  its  inner  edge  this  band  is  connected  with  the  pia  mater  of  the  cord, 

n'ts  outer  mar]^  in  widely  deuticnlated  ;  ita  denticulations  are  attached  b^ 

r  poiaU  to  the  inner  garf  ace  of  the  dura  mater,  and  thuH  serve  to  support  thi 

■^^  along  the  sadeA^  and  to  maintain  it  in  the  middle  of  the  cavity,    Tlic  first 

^^Ogliest  denticnlation  is  fixed  opposite  the  mai'grin  of  the  foramen  magnum ^ 

^^'i^nm  the  vertebral  artery  and  the  hypogloi^sal  ni?rve  j  the  otliers  follow  in 

^^2T,  alternating  with  the  ?ucoes8ive  pairs  of  epinal  nerved.     In  all|  there  are 

«^^3t  twentj-one  of  these  points  of  insertion,  but  the  lower  six  or  seven  are  less 

The  points  of  tlie  lower  denticnlationa  are  prolon^od  into  threads,  and 

[  slightly  to  their  attadiments.   At  the  lower  end,  the  li^amentum  denticu- 

may  be  regarded  as  continued  into  the  terminal  filament  of  the  gpinal 

I,  which  Urns  connects  it  to  the  dura  mater  at  the  extremity  of  the  eheath. 

free  edge,  m  the  intervals  between  the  dentietdations,  is  dightly  thickened* 

in  many  parte  U  closely  applied  to  the  inner  surface  of  the  arachnoid,  with 

it  ii  often  directly  connected  by  fine  trabecnlBs.    The  denticnlationa  do  not 

Fig,  32L 


r 


h^  321. — Sxcnoir  of  the  tttpeb  Vkm  ov  thh  brmtt  awt>  utstvam  to  show  the 
a^Linojts  OP  tHB  A1UCH50TDAL  VI LU,     (Kej  and  Rctriua).     Magnified. 

C  €V  eorpns  caDnsum  ;  jTp  fill  cerebri  ;  ^,  n,  subarachnoid  space,  porraclcil  by  a  network 
«ff  €iM  irmbeeuhe  ;  from  it  the  f  uagifonii  villi  are  8e<;n  projecting  into  the  dyra  mater, 
8me  are  projectiiig  into  tlie  superior  longitudin^d  aintiA„  s. 

perforate  the  arachnoid  but  receive  from  it  funnel -shape<l  sheaths,  which  acoom- 
panj  them  to  the  inner  surface  of  the  dnra  mater  (Axel  Kpv  and  Tletzios). 

In  ttructure  the  ligament  consists  of  white  fibrous  ti^^an^,  mixed  with  many 
exceedingly  fine  elastic  fibres.  Several  layen*  of  fine  connective  tisiue  trabeoul© 
may  be  traced  :  they  are  sorrounded  by  sheaths,  which  are  compoeed  of  delicate 
micdiBited  cells,  and  here  and  there  expand  into  membranes.  Its  tisane  is  eon- 
timioas  on  the  one  hand  with  that  of  the  pia  mater,  and  at  the  apice<i  of  the 
desttcnlations  w  ith  that  of  the  dnra  mater. 

OlandnJaB  Pacchionii  or  ftrachnoidal  villi.— Tlpon  the  external  mirface  of 
the  dura  mater,  in  the  vicinity  of  the  longitudinal  sinus,  are  seen  nmnerotifl 
trmaJl  polpy  looking  elevationi^.  generally  collected  into  dusters,  named  glands 
of  Pa<>chioni  (fig,  321).  The  inner  surface  of  the  calvarium  is  marked  by  little 
pita,  which  receive  these  prominences*.  Similar  excrescences  arc  seen  on  the  in- 
ternal aorfaoe  of  the  dura  mater,  and  upon  the  pia  mater  on  each  side  of  the 
longitudinal  sinus,  and  also  projecting  into  the  interior  of  that  sinus  (*).  Occasion* 
alljr  they  are  found  also  in  other  situations 
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^^^a^,  mn  omuipicnotis  in  most  transretse  eecttons  of  the  cord.  (For  farther 
MEBtfP  SBB  AjdAmkidwics  in  Tran^  Intemat,  Med.  CoDgress,  Londoti|  1881,  and 
Sitnmgyberichte,  1881  and  1882.) 

■npply  of  tli«  brftin.^ — The  origm  and  course  of  the  TesseU  whicli 
the  bmin  have  already  been  described  in  the  Section  Angeiology,  A'uL  L 
mg  to  their  distribution  the  several  arteries,  having'  pafiised  across  the 
Old  carity,  enter  the  anbarachnoid  spaoe  and  then  divide  and  subdinde  into 
wbich,  in  their  further  ramification  in  the  nervous  centres^  are  sup- 
by  the  pio  mater,  and,  it  may  be  reraarked,  are  more  deeply  placed  in  tho 
fiisnrefl  and  sulci  than  tlie  Bmall  veins,  which  do  not  accompany  the  arteries, 
le  a  different  course  and  are  chiefly  seen  upon  the  eurfaoe  of  the  pia  mater. 
th»  arteries  in  the  pia  mater  of  the  hemispheres  very  nnmerons  email 
cHes  p«B  Tertically  into  the  ^ey  matter  of  the  convolution^^.     Moat  of  these 
ti  mrterin)  at  once  break  np  into  a  close  plexus  of  capiEaries  for  the  gvej 
;  but  others  {uu-duJtanj  (trtcrujs),  larger  but  less  numerous^  paaa  thiough 
•y  matter^  giving  off  only  a  few  small  branches  to  it,  and  penetrate  for 
distance  into  the  medullary  centre,  where  they  divide  into  a  lon^  meshed 
network.    The  smaller  branches  of  arteries  anastomose  tog-ether  to  a 
extent  in  the  pia  mater  before  penetrating  into  the  superficial  grey 
bnt  the  branches  which  pose  to  the  chief  ganglia,  ^uch  as  the  optic  tha^ 
T  corpa9  striatum,  do  not  anastomose  with  one  another  except  by  their 
branches  (End-artericn  of  Cohnheim), 

vcr,  it  is  to  be  observed  that,  whilst  the  main  branches  of  the  arteries  are 
_  ^-««  at  the  base  of  the  brainy  the  principal  veins  tend  towards  the  upper  sorfaoe 

^^^^  'tihe  hemiaphierciSf  where  they  enter  the  superior  longitudinal  f^inus  :  the  veins 
PlPr^^kkn,  however,  coming  from  Uie  lateral  ventricles  and  choroid  plexnses^ 
T?**^  backwards  to  the  straight  sinu9,  in  the  subarachnoid  tissue  which  lies 
^*^^wem  the  two  layers  of  the  velum  interpositum- 
1^  ^^  ^  may  be  convenient  here  to  recapitulate  the  sources  of  tbe  blood  sapply  to 
^ft^^%ieTer&l  parts  of  the  encephiilon. 

^P  ^liemadulla  oblongata  and  pons  Tarolii  aie  supplied  by  brancbea  from 
K  3!^  antedor  ipiiial,  the  vertebral,  the  bofiilar,  and  the  posterior  cerehral  arteries. 
K  ^lie  branches  enter  the  pons  and  me^iulla  in  two  sets,  lateml  or  radicular  (fol- 
K  VhrtBg  the  roots  of  the  nerves),  and  median, — the  latter  passing  in  the  septom 
^L  ^  the  grey  matter  on  the  posterior  surface.  The  valve  of  Yieossens  and  the 
^^fffirior  peduncle  of  the  cerebelliim  receive  twigs  from  the  superior  cerebellar 
IMeries,  The  choroid  plexuses  of  the  fourth  ventricle  are  supplied  by  the 
posterior  inferior  cerebellar  arteries. 

Cerebelltisa. — The  under  turf  ace  is  supplied  by  the  posterior  inferior  oerehellar 
Irteries  from  the  vertebral,  and  the  anterior  inferior  from  the  basilar*  The 
itffiter  surface  is  supplied  chiefly  by  the  enjMjrior  cerebellar  arteries  from  the 
llMriliT  :  its  posterior  portion  from  the  |io:^terior  inferior  cerebellar. 

Ue  cattm  oerebxi  derive  their  blood  supply  from  the  poi«tcrior  communicating 
md  tlie  posterior  cerebral  arteries.  Branches  of  the  latter,  and  also  others  from 
yie  end  of  the  bosUar.  enter  the  posterior  perforated  space, 

ne  eorpoim  Quadrigemina  and  corpora  g^enlculata  are  both  supplied  hy 
tlie  posterior  cer&bral  artery^  but  branched  of  the  superior  cerebellar  arteries  pass 
to  tbe  inferior  cori>oTa  qnadrigemina. 

The  optie  thalamus  is  supplied  above  and  on  the  outer  and  posterior  Fide  by 
branches  of  the  posterior  cerebral  artery,  but  it'*  anterior  and  inner  portions 
feosve  twigs  from  the  witerior  and  posterior  communicating  arteries  of  the 
code  of  Willis. 

Cerebral  liemiapheTe«,^-/Vciw^«i  7fl5^.— The  superior  frontal  and  anterior 
two- thirds  of  the  middle  frontal  con  volution,  with  the  upper  extremity  of 
Ibe  ascending  frontal,  are  supplied  by  the  anterior  oerebraL  The  inferior 
frontal  convolution,  the  poeteriof  extremity  of  the  middle  frontal,  and  the 
fleeter  pftrt  of  the  ascending  frontal  convolutions  are  supplied  by  the  middle 
oerebraL  The  orbital  sorface  is  supplied,  outside  the  orbital  sulcos,  by  tho 
auddle  oeiebial :  within  that  sulcus  (^including  the  olfactory  bulb)  by  tho 
mlttdor  oer^iaL 
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ParieM  lobe, — All  the  oonvolutf one  of  the  parietal  lobe  aze  suppliei  \ 
middle  cerebral  arteiy« 

Ocelpittil  hfhe. — ^TMh  lobe  b  »^ppli©d  by  the  posterior  cerebral  ariezj* 

Tii!»por&-fph(  fwulal  lohf, — The  superior,  and  upper  part  of  the  middle  I 
sphenoidal  convolutions  are  supplied  by  the  middle  cerebral  orteiy.    Tb«  \ 
portion  of  the  lobe  by  the  posterior  cerebral. 

Inurr  gurfticc  of  the  htm  inphere^.- — ^The  whole  anterior  and  tipper  i 
far  back  as  the  parieto-occipital  fisgure,  is  supplied  by  the  au tenor  oerehrtli 
the  cunente  lobulo  and  the  occipi to-temporal  region  by  the  posterior  ( 

The  eof'piut  caUtwim  ia  chiefly  supplied  hy  the  anterior  cerebnd. 

The  ffj't'^  gtihitancc  at  the  ha*e  of  the  cerebrum  is  supplied  bT«milll 
from  the  adjacent  ve??i?cla  of  the  circle  of  AVilliB,  or  from  the  roots  of  thee 
vessels  which  pass  off  from  that  oiiustomosia. 

Central parU — corpm  strintum.—^ih.  nucleus  caudatus  and  nucleiul 
laris  are  supplied  idmoirfc  exclufiively  by  the  middle  ccrobnil  arteiy,  the  noi 
branches  to  these  paits  enberin<y  through  the  foramina  in  the  anterior  \ 
apace.  The  mi  tenor  part  of  the  caudate  niielens  is  also  supplied  1 
anterior  oetebml,  and  its  tipper  eurface  receives  fine  twigpa  from  tht  I 
choroidal  branch  of  the  posterior  cerebral. 

For  further  details  on  the  mibiectj  which  derives  importance  from  the  i 
of  diHerent  local  pathological  conditions  xxy  the  vaiscular  distribution,  tli(^  i 
is  referred  to  a  series  of  articles  by  Buret  in  the  Archives  de  Phpi"! Oi^r  If 
1873  and  1874,  to  a  paper  by  lleubner  in  the  Med.  Centralblatt,  1872  ;  ttnd  J»t 
work  entitled  *'  Die  luetifiche  Eiknmkong  der  Himarterien,'*  XiCipng,  18*4, 1 
the  saine  author, 

IjymphaticB, — ^The  lymphatics  of  the  brain  and  spinal  eord  appear  too 
in  the  form  of  peri  vase  alar  clefts  in  the  ndvcntitia.  or  outer  ooot  of  the  1 
vessels.  The  clefta  in  question  communicate  both  with  lymphatic  spaeeiii 
pia  mater,  and  with  the  subarachnoid  space.  The  fine  meshes  of  the  i 
reticulum  which  are  much  more  distinct  in  some  parts  than  in  others,  thfl  J^  I 
cellular  spaces  which  are  thought  to  bo  in  communication  with  those  ro<sli»,iii  I 
a  cleft-like  space,  which  can  be  injected,  between  the  pia  mater  and  the  snrfjcrrf  1 
±he  spinal  cord  and  brain  {mihpinl  space ^  cpiarchral  ^pact)^  have  al^ hi*  | 
regarded  as  forming  part  of  the  lymphatic  system  of  the  central  nervous  Q 


8IZB    AJffD    WEIGHT    OF    THE    ENCEPHA1.0H. 

The  average  weight  of  the  brain  is  about  49|  0£,  (140O  grammes)  in  tliei 
and  5  to  oj  oz.  less  in  the  female. 

The  rcsulte  obtained  by  Sims,  Oendinning,  Tiedemanii,  and  J.  Reid  ihow  ^ 
maximum  weight  of  the  adult  male  brain,  in  a  mne»  of  278  casea,  to  be  6&  tf« 
and  the  toinimum  weight  34  oz.  In  a  series  of  191  cases,  the  maximitmifC^ 
of  the  adidt  female  brain  was  56  oz»,  and  the  minimum  31  02. ;  the  dlflottf 
between  the  extreme  weights  in  the  male  subject  being  no  lej^  tban  31  oL,  ni 
in  the  female  25  oz.  In  a  very  laigo  proportion  the  weight  of  the  male  \mk> 
ranges  between  4(j  02.  and  5^  oz;,  and  that  of  the  female  brain  between  II  4L 
and  47  oz.  The  pniaiUnif  weights  of  tlie  adult  male  and  female  btaiii  ff9 
therefore  be  said  to  rang©  between  those  tenna  ;  and,  by  taking  the  mesD,  u 
HEcrage  weight  is  deduced  of  494  oz*  for  the  male,  and  of  44  oz.  for  the  teak 
brain, — results  which  correspond  closely  with  the  statements  ffenerallj  tttodni* 

Although  many  female  brains  exceed  in  weight  jmrticular  male  bttias^  v  i 
general  fact  it  may  bo  afhrtned  that  the  adult  male  eaoeph&lozi  is  hoftTier  tin 


*  Tables  cxbibitiag  at  greater  ler^rth  the  results  obtained  by  the  ob 
meatioaed,  and  also  those  obtained  by  K.  Boyil  of  t!ic  weight  of  the  hrxtu  at  dilbmiti^ 
will  he  finmd  m  prerioos  editioaa  of  tliia  work.  Tbe  reader  in  also  refemcd  to  tkif^si 
by  Peacock  in  tbe  Edin.  Med.  Joiirn«')l  for  1847,  and  Joam.  of  the  PathoL  Sock^,  iM 
to  tbe  elaborate  table  of  End.  Wiigner  in  h\a  **  Vorstiidien,  &C.,"  1$60,  1  " 
work  by  Bi&cbofl"  (llLm^cwicbt  ded  Mcasubea,  Bonn^  1880), 
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Illie  fanile.    In  new-bom  inTimts  tlie  brain  was  found  hj  Bojd  to  weigh 
•  11.65  ot  in  the  male,  and  10  oz,  in  the  femalcr 
tiond  of  Sims,  Ticdemann,  and  Beid*  uppejir  to  show  that  in  both 
;  of  the  brain  in  general  increases  nipidlj  up  to  the  seven fch  year, 

more  shnrly  to  between  sixteen  and  twentj^  and  again  more  dowlj  ta 
irteii  tiiirtj-one  and  fortj,  at  which  time  it  reaches  its  maximum  point. 

1  that  period  there  appears  a  slow  but  progreseive  diminution  in  weight, 
to  abont  1  or.»  during  each  gfubgequent  decennial  period  ;  thua  con- 
■ig  the  opinion  that  the  brain  dimimaktis  in  advanced  lif tn  According  to 
Bftek  aad  Biichoff,  the  maximum  weight  of  the  brain  is  attained  between 
mgei  of  twenty  and  thirty  years. 

aoe  exeixnses  a  eoneideiable  inBoGnce  upon  the  size  of  the  brain  ;  thns  it  is 
imt  tn  EuropeanB  and  Chinee  ;  smaller  in  Hindoos,  Bnabmen  and  Negritoes 
■tly  in  relation  to  the  email  prevailing  stature)  and  natives  of  Australia  ; 
■Biedlate  in  eixe  between  the&e  in  North  American  Indians  and  Negroes, 
fee  rti4iiT€  weight  ef  the  encephahm  to  the  body  is  liable  to  great  Tariation  j 
IpEtlkeleflBf  the  facta  to  be  gathered  from  the  observations  of  Clen dinning, 
ll mill  11^  and  Eeid.  furnish  the  following  general  result.  In  a  genes  of  81 
^  the  aTenige  proportion  between  the  weight  of  brain  and  that  of  tlie  body 
lia  i^es  of  twenty  years  and  upwards,  waa  fonud  to  be  as  1  to  ^^-o  ;  and  in  a 
A  of  S2  females,  to  be  as  1  to  3^*46.  The  reaults  of  Biscboff'a  observationB 
ft  1  to  35^  in  the  female.  In  the^e  ca?ea  the  deaths  were  the  result  of  more 
liMi  proloQfiped  disease;  but  in  he^ilthy  individuals  dying  suddenly  from 
Imb  or  accident,  the  average  proportion  is  probably  1  to  45» 
!3ie  proportionate  weight  of  tiie  brain  to  that  of  the  body  1b  much  greater  at 
ih.  than  at  any  other  period  of  life,  being,  according  to  Tiedemann,  about  1 
B'^^  in  the  male,  and  abont  1  to  6-o  in  the  female.  From  the  obBervations 
aady  referred  to,  it  fnrther  appears  that  the  proportion  diminishes  gradually 
to  the  tenth  year,  being  then  about  1  to  1-1.  From  the  tenth  to  the  twentieth 
r,  the  relative  increase  of  the  body  is  most  striking,  the  ratio  of  the  two 
Bg'  at  the  end  of  that  period  about  1  to  30.  Alter  the  twentieth  year,  the 
wnl  arersge  of  1  to  36'd  prerails,  with  a  further  trifing  decreaae  in  advanced 


hm  lAtempta  hitherto  made  to  measure  or  estimate  the  relative  proportions  of 
diflienat  convolnted  parts  of  the  cerebrum  to  each  other  and  to  the  degree  of 
Ui^ence^  either  more  directly  or  by  the  craniospic  methods^  have  been 
nded  with  little  suooeas.  Such  reseaccbes  as  those  of  Rudolph  Wagner  give, 
■erer,  some  promise,  when  fully  carried  out.  of  affording  more  definite 
Its.  These  xeseazches  had  for  their  object  to  instltnte  an  accurate  oomparison 
re«i  tlie  brams  of  certain  persona  of  known  inteUJgeuce,  cultivation,  and 
tml  power,  and  those  of  persons  of  an  ordinary  or  lower  grade.  As  exsLmplee 
iraiQii  of  men  of  superior  intellect  he  selected  those  of  Professor  Gauss,  a 
*lmown  mathematician  of  eminence,  and  Professor  Fuchs.a  clinical  teacher  : 
110  examples  of  brains  of  ordinary  persons,  those  of  a  woman  of  29  and  a 


le  cazcful  measarement  of  all  the  convolutions  and  the  intervening  grooTcs 
ike  foor  bniiiis  above  mentioned  has  been  carried  out  by  H.  Wagner,  and  the 
It  ot  theie  measorements  is  partly  given  in  the  accompanying  table  (see 
\  pH^^e),  Uie  niunbets  indicating  square  inches  of  surface. 
will  1>e  fieen  that  although  there  are  undoubtedly  differences  in  the  bmim 
osDed,  tliese  are  by  no  means  so  striking  as  might  have  been  expected. 
led  ife'  Bugr  be  stated  that  the  general  result  of  these  and  similar  observations 
lyeea  hidietto  inconclusive,  for  although  there  hare  been  observed  several 
kbie  instaaoes  In  which  superiority  of  intellect  has  been  found  to  be  accom* 
iad  1)7  increased  size  or  complexity  of  the  cerebral  surface,  in  many  other 
a  so  aiich  relation  has  been  noticed* 


On  ^e  nlatioiii  between  the  weight  of  the  brain  and  the  individTiol  stature,  see 
[saliall,  Proc*  Boy.  Soc  1875  :  k  Boa^  Bor.  d'Antbrop.,  1879,  aad  BischoiT,  iu  the 
;  aboTe*]»entianed. 
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OmparaHea  metuurement  of  the  extent  of  Murfaee  ef  the  CmtMkm  tf 
Cerehrum  and  its  lobes. 


1.  Gauss 

Surface  of  each  lobe  separately. 

Free  and  deep 
surfaces  of  Oerebnn. 

1 

1 

1 

1 

l| 

III 

Oi 

139. 

70.0 

69.4 

68.4 

112.8 

SiS.S 

2.  Fuchs 

143.4 

60.5 

59. 

67.5 

110.7 

23I.S 

ISO. 

65. 

61. 

66.8 

107.5 

S00.9 

4.  "Workman  .. 

113.2 

62.3 

60.5 

02. 

97.4 

193.6 

WBIGHT   07   THIB    SaVXRAIi   PABTB   OF   THS    XNGBPSALOI 
As  the  result  of  observations  made  in  reference  to  this  subject,  on  tl 
of  63  males  and  31  females,  between  the  ages  of  twenty-five  amd  fiftj-Ai 
Beid  has  given  the  following  tables  :— 

ICales.        reaOm, 
OS.    dn.        o^    4n» 

Average  weight  of  cerebrnm 43    15}      88    IS 

„  oerebellam 5      4 

„  pons  and  medulla  oblongata  .       0    15{ 


t'i 


„  entire  encepkalon     .    .     60      3^      44     8^ 

With  these  results  the  observations  of  Buschke,  and  of  Weisbech,  i 

From  this  it  i^pears  that  the  proportionate  weight  of  the  cer^lelliim 
of  the  cerebrum  is,  in  the  male,  as  1  to  8^-,  and  in  the  female,  as  1  to  8{. 

In  the  new-bom  infant  the  ratio  of  the  weight  of  the  cerebellxmi  to  ^ 
whole  brain  is  strikingly  different  from  that  observed  in  the  sdnlftL  '. 
found  the  weight  of  the  cerebellum,  medulla  oblongata,  and  pons  togeSi 
new-bom  infant,  as  compared  with  that  of  the  brain,  to  be  in  the  prop 
1  to  16,  and  1  to  13.    In  the  adult  the  proportions  were  1  to  7,  and  I  to  i 

Meynert  found  the  proportions  between  the  frontal,  parietal,  and  c 
ocdpital  and  temporo-sphenoidal  lobes  to  be  41*5  :  23*4  :  and  35'1. 


WSIGHT    OF    THS    BPINAZi    COBD.* 
Divested  of  its  membranes  and  nerves,  the  spinal  cord  in  the  1 
weighs  from  1  oz.  to  1|  oz.    Its  proportion  to  the  encephalon  is  about  1 

BPXCIFia  GRAVITY  OF  THB  XNOXPHAIiGN. 
The  specific  gravity  of  the  different  parts  of  encephalon  has  of  lale 
some  attention  from  the  fact  having  been  observed  that  it  varies  to  some 
different  kinds  of  disease.  From  the  researches  of  various  observers, : 
that  the  average  specific  gravity  of  the  whole  encephalon  is  about  lOSi 
the  grey  matter  1034,  and  that  of  the  white  1040.  There  are  also  90 
differences  in  the  specific  gra\dty  of  some  of  the  intemal  parts.  Gom| 
specific  gravity  of  the  white  and  g^cy  substances  respectively  with  tl 
whole  brain,  Banilewsky  has  calculated  that  about  33  per  cent,  of  the  1 
the  hemispheres  is  due  to  the  grey  cortex,  or  including  the  basal  yin; 
35*5  per  cent.* 

*  For  the  recent  literatnro  of  the  brain  and  spinal  cord  the  reader  is  lefen 
important  work  by  SchwalLe  (Lehrbnch  dcr  Neurologic,  Eriangen,  1881),  whece 
with  great  completeness,  and  where  many  more  details  regarding  the  straeb 
central  nervous  system  may  be  found  than  could  conveniently  be  introduced  ; 
similar  work  by  Uenle  (Nervenlehre,  Brunswick,  1879)  may  also  be  consulted  with; 
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ORGANS    OF    THE    SENSES. 

I  place  will  he  describt-d  the  organs  of  Biglifc,  hcnrincr,  and  eraell 
fher  organs  of  special  senae.  The  descriptifni  of  the  or^ao  of 
given  with  the  skin,  and  that  of  the  orgaa  of  taste  with  the 

THE    EYE. 

rgan  of  vision,  Btrictly  ^<*aking,  conBists  only  of  the  ball  or 
the  eye  ;  but  connect^zd  with  the  eyeball  externally  arc  muscles, 
nd  blood- ve^la,  elsewhere  described,  as  well  m  other  parts 
destined  for  its  protection,  and  known  as  the  appendages  of  the 
mina  oeuli),  of  which  an  account  will  first  be  given, 

THE    EYEIiLDB    AND    COWJUNCTUTA, 

'elids  (paJpebrm)  are  moveable  portions  of  inte^mment*  strength- 
arda  their  raai^ns  by  a  thin  lamina  of  denae  fibrous  tissue  (tar- 
mucons  membrane  {conjunctwa)  lines  their  inner  surface,  and 
id  chence  on  the  front  of  the  eyeball.  The  line  of  reflection  is 
le  fomiz  of  the  conjunctiva. 


>F«ovT  mtw  or  tbs  iioht 

r  h:k>k5  (Merkel). 

\  ftemiltLnaria  ;  PU^  Pii,  pnnc- 
mde  top.  et  bd.  ;  CJar,  canin- 
fnulJa ;  Lpm^  internal   taassd 


Pig,  322. 


^^   rm 


\Pis> 


pper  lid  is  larger  and 
>veable  than  the  lower, 
fcransparent  part  of  the 

mg  covered  by  it  when  •  'W^MB^^>^^.  a: 

I  dofled;  it  is  chiefly  by  '  ^SlS^^*T&((^ 

Hm  of  this  lid  that  the  ^Wkwm  W' 

^ed,  the  movement  Ijeing 
rj  a  muscle  {hvaior  }ml- 
ivoted  exclusively  to  this 
At  the  outer  and  imier 
anthi)  of    the   eye  the 

•e  united.  The  interval  between  the  angles  varies  in  different 
is,  and,  according  to  its  extent,  gives  tlic  appearance  of  a 
a  smaller  eye,  the  size  of  the  globe  being  nearly  the  stime  in 
i  great-erpart  of  the  edge  of  each  eyelid  is  flattened  and  angular, 
ids  the  inner  canthus  it  is  rounded  ofl'  for  a  short  space,  at  the 
k  that  it  changes  its  direction  ;  at  this  point  there  is  seen  on 
I  alight  elevation  (jxtpiHa  Iarknjm{jUs,)-^thQ  apex  of  which  is 
y  the  aperture  (puftrtum)  of  a  small  canal  {mnalmtitis  lachnj- 
|ich  serves  to  convey  away  the  fluid  which  moistens  the  con- 
(fig.  822,  Pli). 

greater  part  of  their  extent  the  lids  are  apBlied  to  the  surface 
eball ;  but  at  the  inner  canthus,  opposite  the  apertures,  there 
s  a  vertical  fold  of  coujunctiva,  i]i^^lka  mnihmari^  (fig,  822, 


L 


S8i 


THE   ETE. 


Ps),  whicli  rests  on  the  eyeball ;  whilst,  CM3Cupymg  the  recess  of  i 
the  border  of  this  fold,  is  a  spongy-iooking  reddish  elevation 
Imhri/maJi's^  Car)  formeil  by  a  small  insulated  portion  of  skin  o 
few  large  modified  sweat  ^^fands,  as  well  as  a  fn'oap  of  eehaa 
which  open  into  the  follicles  of  very  fine  hairs.  There  is  fff 
in  it  a  small  araonnt  of  plain  mascular  tissue  (H,  Miiller),  i 


.!l 


«^p{ 


Fig.  323.  Fig.    323.— Vmtk 

HUM  AH  (after  Wa 

NIFIBD. 

a,  skin  ;  &,  nt 
ciliary  bmidle ;  t 
myscle  of  eyelid ;  i 
f,  tarsus  ;  /\  Meil 
//,  sebaceous  gluid  i 
with  modified  svest 
with  it  i  ht  ejrdai 
IiaiTB   in   outer    ak 

few  cross-striati 
fibres.     A  few  { 
lar  fibres   are 
found  in  the  pi 
Daris. 

The  plica  semili 
radiment  of  the 
(membraxia  uictiti 
matt  J  aDimals  ;  i 
animaL»,  and  ooc 
mail,  the  canine 
mails  retains  its 
wit^  the  skin  a1 
canthua, 

Stractmre  of 
—The  skin  co? 
eyelids  is  thm  an 
and  covered  with 
hairs  (fig,  323,  ij 
line  of  the  ejelael 
the  conjuBctiTs 
membrane  whid 
inner  surface  o! 
The  cutis  vera 
number  of  ramified  pigment  cells.  Beneath  the  skin  is  a  cinazit 
eotmcctive  tissue  free  from  fat  and  containing  the  fajsciculi  of ' 
laris  oculi  mnsele  (b),  and  beneath  tlie  mucous  membrane  on  tl 
surf  at -e  IS  tfie  lamina  of  dense  connective  tissue  before  mention 
known  as  tlie  tarsus,  or  Irom  its  consistence,  the  tarsal  cartil 
thins  off  near  the  attached  margin  of  theeyebd  into  the  palpebr 
connecting  it  with  the  margin  of  the  orbit.  In  the  tarsi  an 
the  Meibomian  glands  (/).  In  the  upper  eyelid  there  is»j 
the  insertion  of  the  levator  palpebr©  superioris,   in 
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lioa  attached  to  the  upper  or  anterior  surface  of  the 

museb  is  closely  attached  to  the  skin  by  connective 

_  J  looeely  on  the  tarsal  c^irtilages.    A  marginal  fasciculns 

\  line  of  the  eyelashes,  separated  by  the  bulbs  of  the  lashes 

other  fibres,  and  constituting  the  cilian/  bundle  (¥).     The 

fthe  orbicularis  are  very  small.    Its  attachments  have  already  been 

"  m  vol.  I, 

rsi  (tarsal  mrlihges)  are  two  thin  elongated  plates  fonned  of 
anective  tissue,  without,  according  to  most  observers,  any  inter- 
'  of  cartilage-cells.    They  are  placed  one  in  each  lid,  to  which 
pve  shape  and  firmness.     The  upf>er  one,  the  larger,  is  half  oval 
being  broader   near  the  centre   and  narrowing   towards   the 
the  lids.    The  lower  is  thinner,  much  narrower,  ami  more 
[>f  an  uniform  breadth  throughout.     Their  free  edge,  which  is 
_    is  thicker  than  any  other  part.     At  the  inner  canthus  they  are 
io  the  nasal  process  of  the  superior  maxillary  bone  by  the  internal 
^lip  (vol.  L,  p.  27H)  ;  and  at  the  outer  angle  are  att^iched  to  the 

>ne  by  a  fibrous  band  termed  the  outer  tarsal  ligament. 

^palpebral  Uganient  is  a  fibrous  membrane  placed   beneath  the 

mngcle,  attached  on  the  one  hand  to  the  margin  of  the  orbit, 

ae  other  to  the  tarsi,  with  which  its  tissue  is  continnous.    The 

is  thickest  at  the  outer  part  of  the  orbit. 

ie  ocular  sarfacc  of  each  lid  are  seen  from  twenty  to  thirty 

J  vertical  rows  of  what  look  like  yellow  granules,  lying  immediately 

the  conjunctival  mucous  membrane  ;    these  are  the  Meihonmn 

\  (fig.  8l'4,  6,  C),     They  are  long  sebaceous  glands,  imbedded  in  the 

and  they  open  on  the  free  margin  of  the  lids  by  minute  orifices, 

ally  one  for  each.    The  glands  consist  of  nearly  straight  tubes, 

i  at  the  end,  with  numerous  small  cteca.1  appendages  projecting 

^  sides.   The  mouths  of  thf^  tubes  are  lined  by  stratified  epithelium 

BUous  with  that  of  the  skin  :  iiut  the  ducts  and  the  glandular  recesses 

a  lining   of  cubical   epithelium  filled  with  the  fatty  secretion, 

Eding  to  Cologanti  the  glands  have  a  basement  membrane,  and  a 


IS4.  —  HxiBOltlAM     aLAKDS      OP 

iht  KYxuiie  as  sskit  from 

i»  palpebnl  ooojunctiva  ;  i^ 
Bii]  fUiiid ;  %  cipeningB  of  seven 
ht  of  itc  ducts  ;  3,  upper  and 
pQii^ft  ]*cliT7iDaluk',  6,  e>,  ends 
\  Qpper  and  kiwer  MeibotDiaii 
\  oi  whdeh  Uie  op^ogH  are 
ltd  almg  the  margins  of  the 


wmr  layer  outside  this  : 
rtber  describes  a  network 
voas  fibnk  amongst 
beliam-cellji. 


Pig.  824. 


*  of  mutaiped  mnsvnlar  tigsne  is  containod  in  eacli  eyelid  ;  th^t  of  the 
f.  323.  r>  siri«iigr  frora  the  under  tuirfaco  of  the  levator  palpebral,  that  of 
'  frois  the  neigh bouihood  of  tlie  inferior  ohliqiie  mui«cle,  and  ench  being 
■  th^  ttUftched  margin  of  the  tarsus.     It  may  also  be  mentioned  in 

c  0  2 


ana  lougcr  cnuii  lue  luwer^  auu  ore  i^urvuu  m  iiu  uppQBti»  am 

1 

Near  the  iimer  ciuithiiB  the  hairs  are  weaker  and  more  scsattered.  1 
within  the  eye-lashes,  between  them  and  the  ciliary  bundle  of  th<^  q 
a  row  of  large  modified  sweat-glands^  which  optjn  into  the  monl 
eebaceoua  glands  (%.  32S,  g)  (not  the  Meibomian). 

The  wnjuniiva  consists  of  the  palpebral  part  (conjunctiTi 
with  which  may  be  incknied  the  plica  semikmaris  and  canmi 
the  ocular  pai^t  (conjunctiva  bulbi),  in  which  may  be  dietii^ 
sclerotic  and  corneal  portions :  exich  of  these  parts  preseota 
characters.  The  epitheliimi  of  the  conjunctiva  varies  so 
different  parts,  but  is  mainly  columnar,  with  smaller  cells  b 
fixed  ends  of  the  columnar  cella.  Near  the  skin  and  oomea  il 
into  the  stratified  epithelium  which  covers  these  part«* 

The  palpebral  porlion  of  the  conjunctiva  is  thicker  and  mn 
that!  the  rest  of  the  membrane^  and  is  freely  supplied  wi 
Tlirou^h  the  puncta  lachrymalia  and  canaliculi,  it  is  conti 
the  lining  membrane  of  the  lachrymal  sac.  Although  cl<3| 
to  the  tarsi,  it  exhibits,  nevertheless,  numerous  sm^  creal 
which  are  visible  wtth  a  lens.  A  layer  of  small  racemose 
racemose  glands  is  found  on  the  ocular  surface  of  the  lids,  ti 
under  the  conjunctiva,  and  beyond  the  blind  ends  of  the  ] 
glands  (fig.  31^3,  k).  Their  minute  ducts  open  near  the  line  4 
of  the  conjiinctiva  upon  the  globe  of  the  eye.  i 

The  oculur  poriiim, — The  conjunctiva  changes  its  chara<! 
line  of  reflection  from  the  eyelids,  becoming  thinner  and  bd 
connected  to  the  sclerotic  coat  of  the  eyeball  by  submucous  tii 
over  the  cornea  it  consists  only  of  a  prolongation  of  the  f 
which  is  closely  adherent  to  the  anterior  layers  of  the  ooni8%: 
lion  with  wliich  it  wlD  be  descriljed. 

T«ttelfl  and  nerreo. — Only  a  few  of  the  larger  blood^Tevela  i 

Tisible  in  the  conjunctiva  in  the  healthy  condition,  but  in  the  < 
iuQammatory  congest  ton  a  copiona  network  of  Te$$cls  Tory  irre^ol^ 
oomee  into  view.     Tbeae  are  derived  faom  the  palpeffral  and  Imehr^ 


THE   LACHBYMAL   APPABATUS. 


389 


Idereloped  network  of  Iffmphati^  exists  throughout  the  sclerotio  and 

I  of  the  conjemctiya  ;  but  at  the  maigin  of  the  cornea  a  stiddcu 

takes  place  in  (he  idze  of  the  me^ee  and  diameter  of  the  Yeflaek* 

iiT^nhir  and  pointed,  and  oome  into  connection  with  ramified 

I  in  the  oomea. 

fof  the  ntrrrs  in  the  conjunctiva,  as  far  as  the  comea,  terminate,  as  wa« 

a  bj  KraxLse,  in  end-bulbs*    These  have  already  been  sufficiently  deecribed 

^HDOitfl  membrane  of  the  conjunctiva  containB  a  la^e  quantity  of  lymphoid 
IPpecially  at  its  back  part*  Lymphoid  nodule^s  are  also  ocxjamoually  presentf 
jj/jopi  in  man. 


I 
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partB  which  constitute  the  la;chrymal  apparatus  are  the  following, 
■?rhe  gland  bj  which  the  tears  are  secreted  ;  the  two  canals  which 
1^  the  fluid  near  the  inner  canthus,  and  the  sac  with  the  nti&al  duct 
Inned  from  it,  through  which  the  tears  pass  into  the  inferior  meatus 
p  noee. 

j0  ImehrymMd  gland  (fi^.  324,  1),  an  oblong  flattened  body,  about 
be  of  A  small  aliuuud,  is  placed  la  the  upper  and  outer  part  of  the 

i5. — FaoKT  or  tei  livt  insLtM  ^,  §25. 

■  TBB  LACnaTMAL  CABALS  AMJX 
ai*  1>CCT   KXP091I>. 

,  upper  aad  lower  laehryma]  canals, 
1^  towards  the  ejelida  the  narrow 
iPttioaaaod  the  puacta  lachiTmalia ; 
)Bymd  aac;  3,  tbe  lower  part  of 
kbI  duet ;  4,  plica  wmilimariB  j  5, 
lolft  lachfTiiiAlifl. 

If  a  little  behind  the  anterior 
fin.  The  opper  convex  sur- 
of  the  glana  is  k»dged  in  a 
it  depression  in  the  orbital 
5  of  the  frontal  bone,  to  the 
istemn  of  which  it  is  united 
Ibfous  bands  ;  the  lower  sur- 
is  adapted  to  the  convexity 
he  eje-ball,  and  is  in  contact 

I  the  Qpper  and  the  onter  recti  muscles.  The  fore  part  of  the 
d,  aeparated  from  the  rest  by  a  thin  layer  of  fascia,  and  i^ome- 
B  described  as  a  distinct  gland  {glandufa  Imhri/malis  inferiwr  of 
mmuiler),  is  closely  adherent  to  the  back  of  the  upper  eye-lid,  and  is 
red  on  the  ocular  smfacc  merely  by  the  conjunctiva  ;  its  lobules  are 
1  and  separate,  with  minute  ducts,  some  opening  separately,  others 
ng  the  ducts  from  the  principal  gland,  which  are  also  very  small* 
nomber  from  both  divisions  of  the  gland  seldom  exceeds  twelve  or 
ecn»  After  rmmmg  obliquely  under  the  mucous  membrane,  and 
ating  at  the  same  from  each  other,  they  open  in  a  row  at  the  fornix 
incttraey  by  separate  orifices,  at  its  upper  outer  part. 

I  l^ichxyinal  gland  ia  a  oompound  racemose  gland  re^emblmg'  the  saliTary 
I  in  gencnl  iitrtictDTe.  Its  alveoli  are  boimdod  by  a  baaement  membrane 
d  of  lamified  flattened  ceils  -  and  the  secreting  cellB  exhibit  changefi  in  the 
\  of  Mt  and  actiyitj  of  the  gland  aimilax  to  thoac  fieen  in  most 
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other  glands  (see  p.  223).    Ko  rod-like  stmctiire  haa  been  notieed  m  i 

of  tlie  ducte, 

jiaGhrymal  caaala.— These  oommence  as  already  men 
minute  aperture  {pundtmi)  on  the  margin  of  each  fid,  m 
angle  (fi^.  325,  1,  1).  The  upper  canal  is  rather  the 
longer  of  the  two  :  it  first  agcenda  from  the  punctum ;  th 
sudden  bend,  and  is  directed  inwards  and  downwards  to  jo 
rymal  sac  (fig.  325, 2)*  The  lower  canal  descends  from  the  a 
punctum  and  then  takes  a  nearly  horizontal  course  inwards. 
are  dilated  where  bent.  In  some  cases  they  unite  near  the  end 
monlj  they  open  separately^  but  close  together,  into  the  sac. 

The  laclirjiual  aac  and  nasal  duct  constitute  together 
by  which  the  tears  are  conveyed  from  the  lachrymal  canals  t 
of  the  nose.  The  kchrymaf  aac  (fig.  S25,  2),  the  slightly  c 
portion  of  the  passage,  is  situated  at  the  side  of  the  nose,  ne 
cunthiis  of  the  eye,  and  lies  embedded  in  a  deep  groove  in 
and  eiii>erior  maxillary  bones*  Its  upper  end  is  closed  and  r 
the  lower  end  gradually  narrows  into  the  nasal  duct.  On  th 
and  a  little  in  frout,  it  receives  the  lachrymal  canals ;  an 
placed  k^hind  the  teiido  palpebranim,  and  some  of  the  inner 
orbicular  muscle  of  the  lids  ;  while  on  its  orbital  surface  h 
tarsi  muscle.  The  nasal  duct,  aboat  half  aa  inch  or  rati 
lengthy  grooving  the  upper  maxilla,  descends  to  the  fore 
lower  meatus  of  the  nose,  the  osseous  canal  being  ccnnpl 
ungnal  and  lower  turbinate  bones.  Both  sac  and  duct  ai 
of  fibrous  and  elastic  tissues,  adhering  closely  to  the  I 
mentioned,  and  strengthened  in  the  case  of  the  lachrymal  sac 
process  sent  from  the  tendo  palpebrarum,  which  crosses  it  a 
its  middle.  The  inner  surface  is  lined  by  a  mucous  memb 
is  continuous  through  the  caoalicuH  with  the  conjunctiva,  a 
the  nasal  duct  with  the  mucous  membrane  of  the  nose. 

At  the  opening  into  the  nose  it  is  often  arranged  so  as 
imperfect  valve  (Hasner).    The  nasal  duct  is  rather  nam 
middle  than  at  either  end  ;  its  direction  is  not  qoite  vertical,  1 
slightly  outwards  and  backwards. 

The  mucous  membrane  in  the  canaliculi  possesses  a  stn 
epithelium,  but  in  the  nasal  sac  and  doct  a  ciliated  epithel 


THE  GLOBE  OF  THE  EYE. 
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The  globe  or  ball  of  the  eye  is  supported  by  a  quantity  of  J 
connective  tissue  in  the  centre  of  the  fore  part  of  the  or 
The  recti  and  obliqiii  muscles  closely  surround  the  greater 
eyeball,  and  are  capable  of  changing  its  position  within  oer 
the  lids,  with  the  plica  semilunaris  and  caruncle,  are  m  cont 
covering  of  conjunctiva  in  front ;  and  behind  it  receives  the 
of  the  optic  nerve. 

The  eyeball  is  composed  of  segments  of  two  spheres,  c 
anterior  is  the  smaller  and  more  prominent ;  the  segment  c 
posterior  opaque  sphere  conxsponds  with  the  limit  of  the 
and  that  of  the  smuOer  sphere  with  the  cornea. 

The  eyeball  measures  about  an  inch  across  from  side  t<i' 
'»bove  downwards,  but  not  quite  a  full  inch  from  before  bad 


i 
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i  when  directed  towards  near  objects,  the  axes  of  the  eyes  are 
arallel  ;  the  optic  nerves,  on  the  coatrarj,  di verge  considerablj. 
(re  enters  the  carresp<^iidin«;^  eye  about  a  tenth  of  an  inch  ttf 
'  or  nasal  side  of  the  axis  of  the  eyeball, 

eball  conisists  of  tliree  concentric  coat?*  and  of  certain  flnid  and 
enclosed  by  them.     The  coats  are  (1)  an  external  fibrons 
forming  the  sckroiic  and  cornmy  (2)  a  middle  vascular,  pig- 
and  in  part  also  muscular  mem  I  jraue,  the  efwr&idmi'il  iris,  and  (3) 
nervous  and  epithelial  stratum,  the  retina.    The  enclosed 


Pig.  328. 


V 


— TiftmoAii  siofioir  ov  thx  left  okbft  ahj>  ita  (toktutts.    (Allea  ThotnsoiL } 

ion  has  been  carried  tmt  obliqjaelj  through  tbci  middlo  of  tho  optic  foramen 
aerre  as  fiu  us  the  lw;k  of  the  ejeball,  and  thence  forwjuxl  tfaroagh  the  ejebaU, 
^  tt.  frentel  bono  ;  6,  iiuperior  maxillary  ;  r,  ejebrow ;  d,  the  upper,  and  tf, 
nvlid,  partiallj  open,  ehowing  the  sectiou  of  the  tani,  the  eyeloahes,  &c. ;  ^  e, 
mm  ol  tite  ooojiuietiva  from  the  ux'per  and  lower  ejeUds  to  the  smfnoe  of  tb« 
fth*  lentlor  paJpebne  auperioris  muscle;  ^,  the  upper,  g\  the  lower  leotaB 
,  the  mferior  ©bliqiio  muscle  divided;  1,  1,  the  optic  nerve  divided  ia  its 
t  the  corner;  Vf,  the  sclerotic;  3,  aqoaoiw  chamber;  4,  cryatAUme  l«ti4j  5, 
umber 

ff  media,  three  in  nmnber,  are  the  aqmom  humour^  the  vitreous 
I  the  km, 

Lthe  middle  of  the  eyeball  there  is  an  adventitiouB  tunic  of 
!«  vaffinaliH  o€uh\  or  capsuh  of  Tenon,  which  is  perforated  by 
ons  of  the  recti  and  obliqui  muscles,  and  connected  with  the 
r  merely  the  most  delicate  connective  tissue  (except  posteriorly, 
anee  of  the  ciliary  vesfiek  and  nerves,  where  it   blends 
Jerotic).     This  capsule  is  lined  by  flattened  epithelial  cells, 
I  a  lymph-s|>ace,  which  separates  the  eyeball  from  the  orbital 
iables  it  to  glide  freely  in  its  movements* 


THU    SCIiEBOTIC    COAT, 
iclerotic   coat,  the  tunic  of  the  eye  on   which  the  main- 
>f  the  form  of  the  organ  chiefly  depends,  is  a  strong,  opaque, 
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Fig.  827. — Vnw  of  thi  lower  half  of  ths  sioht  adult  huvav 
horhortallt  th&ouoh  thb  middle.    Maohivibd  four  thob.    (AHi 

The  specimen  from  wbich  this  outline  is  taken  was  obtained  by  dindii| 
man  of  about  forty  years  of  age  in  the  frozen  state.  It  was  carefully  ooaupi 
specimens  obtained  in  a  similar  manner ;  and  in  the  drawing  aTen«Bki 
in  any  particulars  in  which  differences  among  them  presented  themaufw. 

1,  cornea ;  1',  conjunctiva ;  2,  sclerotic ;  2^,  dural  sheath  of  the  opiia 
into  the  sclerotic ;  3,  3',  choroid  ;  4,  i\  ciliary  muscle  ;  5,  ciliary  prow 
the  posterior  division  of  the  aqueous  chamber,  in  front  of  the  sospenn 
the  lens ;  7,  7',  the  iris ;  8,  central  artery  of  the  retina  ;  8',  oolliculiis  of  tl 
8'',  fovea  centralis ;  9,  ora  serrata ;  10,  so-called  canal  of  Petit ;  11,  «|« 
12,  lens ;  13,  vitreous  humour ;  a,  a,  a,  axis  of  the  eye ;  6,  6,  6,  ^  eqi 
be  observed  that  from  the  pupil  being  placed  nearer  the  inner  side  the  m 
ball,  a,  a,  does  not  pass  exactly  through  the  centre  of  the  pupil ;  this  li 
little  to  the  inner  side  of  the  fovea  centralis.  The  following  letters  iadk 
of  the  curvatures  of  the  different  surfaces,  assuming  them  to  be  neariy  wghm 
of  the  anterior  surface  of  the  cornea;  cp,  posterior  surface;  fa,  anteiiov 
l«n« ;  Ip,  posterior  surface ;  Bcp,  posterior  sui&oe of  the  sclerotic ;  r «^  a 

Aie  retina. 


BTRXTCTUBE   OF   THE   SCLEROTIC.  I9S 

Ion  with  this  fignre  the  following  ayerage  dimensionB  of  the  parts 
eye  in  fracdonB  of  an  English  inch  may  be  stated  >-^ 

diameter  of  the  ^eball I" 

imeter  (Kranse) 0*96 

(terior  diameter 0*96 

dckneflB  of  the  sclerotic,  choroid,  and  retina  together     •    .  008 

lickness  of  the  sclerotic  posteriorly 0*05 

lickness  at  the  sides  and  in  front  0*026 

of  the  cornea  in  the  centre 0*04 

ram  the  middle  of  the  posterior  surface  of  the  cornea  to  the 

the  lens 0*1 

torior  diameter  of  the  lens 0*16 

•  ditto (0*36 

lickness  of  the  ciliary  mnscle 0*04 

of  the  iris 0*015 

the  radios  of  cnrvature  of  the  anterior  surface  of  the 

r^razding  it  aiyproximately  as  spherical)     ....  0*305 

the  posterior  snrfaoe 0*275 

the  posterior  sorface  of  the  sclerotic 0*5 

cunratore  of  the  anterior  surface  of  the  lens  0*328 

the  posterior  surface 0*24 

)f  the  middle  of  the  posterior  surface  of  the  lens  from  the 

di  the  retina 0*575 

letween  the  centre  of  the  spot  of  entrance  of  the  optic 

Bd  the  middle  of  the  foyea  centralis  retinas    .  0*14 

>f  the  base  of  the  cornea 0*48 

>f  the  base  of  the  iris  transversely 0*45 

}f  the  base  of  the  iris  yertically 0*43 

jfthepupU 0*14 

Qctnie.  It  extends  over  abont  fiTe-sixths  of  the  eye-ball 
^)  joining  in  front  with  the  cornea.  The  outer  surface  is 
smoothy  except  where  the  tendons  of  the  recti  and  obliqui 
d  inserted  into  it.    The  inner  surface  is  of  a  light  brown 

rough  from  the  presence  of  a  delicate  pigmented  connective 
ibranafu8ca)y  which  is  united  by  fine  thmds  with  the  choroid 
3  filaments  traverse  a  lymphatic  space  through  which  branches 
aiy  vessels  and  nerves  also  pass  obliquely.  The  sclerotic  is 
tl)^  back  part  of  the  eye,  and  thinnest  at  about  a  (][uart;er  of  an 
he  cornea:  at  the  junction  with  the  latter,  it  is  agun  somewhat 

The  optic  nerve  pierces  this  coat  about  one-eighth  or  one- 
n  inch  internal  to  the  axis  of  the  ball,  and  the  opening  is 
smaller  at  the  inner  than  at  the  outer  surface  of  the  coat, 
fibrous  dieath  of  the  nerve  blends  with  the  sclerotic  at  the 
the  aperture  :  in  consequence  of  this  arrangement,  when  the 
It  off  dose  to  the  eye-ball,  the  funiculi  seem  to  enter  by  a 
Kxres ;  and  to  the  part  of  the  sclerotic  thus  perforated  the 
amina  cribrosa  is  sometimes  given.  Around  this  cribrous 
e  smaller  apertures  for  vessels  and  nerves. 
[>•  of  the  sclerotic. — The  sclerotic  coat  is  formed  of  bundles 
be  tissue  fibres,  and  vields  gelatine  on  boiling.  Its  white 
combined  with  fine  elastic  elements,  and  amongst 'thaitL  lie 
connective  tissue  corpuscles  lodged  in  cell-spaces,  but  not  by  . 
fo  regularly  arranged  as  in  the  cornea.  Some  of  the  cells  aie 
.  The  bundles  are  disposed  in  layers  both  longitudinally  and 
f  ,  the  longitudinal  arrangement  being  most  marked  at  the  sor- 
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faces.    These  layers  commttuicate  at  intervals  80  as  not  toh 
for  any  distance. 

Both  extemallj  and  mtcmallj  the  sclerotic  is  oorered  with  fiatCesA 
cellsr  which  are  reflects  over  tlie  mneclefl,  vessels,  nerves,  and  coniw 
of  tiesue  which  pass  frf^m  it  to  the  capsule  of  Tenon  and  the  cba 
epectivoly.  The  iMnina  fusca  resembled  in  fitmeture  tho  lamina  n| 
of  the  choroid  coat. 

At  the  back  of  the  eje-ball^  opposite  the  fovea  oentraUs  of  tlu 
Bole(rotio  is  tr&vereed  in  its  thickness  by  a  strand  of  fibrous  ti^ite,  i 
the  huninsa  as  it  pasaes  through  them.  This  fibrooa  strand  la  ki 
fitniculm  tclerts  (Hannover), 

A  few  blood-veesel'?  permeate  the  fihroufl  texture  in  the  form  of  i 
capillaries  with  very  wide  meshes.  In  the  neig^bbourhood  of  the  o 
of  greater  yascnlaritj  exists^  which  haB  been  already  noticed  ia  t2ied 
the  aclerotic  oonjtmctiva* 
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The  cormea,  the  traiisjiarent  fore  part  of  the  external* 
light  into  the  interior  of  the  eyeball.  It  is  nearly  circiilju 
but  is  occasionally  wider  in  the  transverse  diix^ction,  m 
extends  to  about  one-sixth  of  the  circumference  of  the  wl 
Having  a  curvature  of  a  smaller  radius  than  the  sclerot 
jects  fon\'ards  beyond  the  general  surface  of  curvature  of 
brane  :  the  degree  of  ite  curve  varies,  however,  in  different  pt 
at  different  periods  of  life  in  the  eame  person,  being  more  pn: 
youth  than  in  advanced  age.  Its  thickness  is  in  general 
Bame  thronghotit,  viz.,  from  -^  to  -^-^  of  an  inch,  excepting  t< 
periphery  where  it  becomes  somewfiat  thicker.  The  poeteri 
surface  exceeds  slightly  in  extent  the  anterior  or  convex,  in  c< 
of  the  latter  being  encroached  on  by  the  superficial  part  of  ib 
the  cornea  being  overlapped  by  the  sclerotic  (to  which  hon 
joined  by  oontinuity  of  tissue)  like  a  watch  glaas  by  the  e< 
groove  into  which  it  is  received  (see  fig.  327).  ^ 

STRUGTUBB   OF   •EHH    CORNEA.  ™ 

The  cornea  may  be  described  as  consisting  of  three  parts- 
epithelium  in  front  (fig.  329,  1)  continuous  with  the  epithet 
conjunctiva  ;  a  middle  part,  substantia  propria,  or  cornea  i 
continuous  with  the  sclerotic,  composed  of  modified  connect 
and  a  homogeneous  elastic  lamella  (4),  bounding  it  behind 
covered  with  a  simple  layer  of  epithelium-like  cells  (5). 

EpitheUom  of  the  Cosrmea.. — The  epithehum  covering  I 
the  cornea  is  of  the  stratified  kind  (fig.  328).  The  loTvemo 
are  columnar,  with  a  flattened  basc^  where  they  rest  on  the 
propria,  and  a  rounded  apeXj  upon  which  a  cell  of  the 
fits.  To  the  base  of  eai'h  columnar  cell  is  attached  a  broac 
strongly  refracting  process,  which  projects  under  one  of  the  m 
cells  {not  shown  in  the  figure).  Above  these  columnar  celli 
three  loyers  of  polygonal  cells,  some  of  the  deeper  of  which  (l 
cells  of  Clelimd)  have  projections  from  their  under  surfac 
Ixitween  the  cells  below.  These  polygonal  celk  present  i 
donticulations,  wiiich  join  one  another  across  in  the  interoel 
which  separate  the  cells.  Quite  superficially  is  a  atratujft  <, 
scaly  epithelium  cells,  which  retain  their  nuclei. 
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'M  i^roper  subatance  of  the  cornea  is  composed,  as  before  said,  of 

^wl  form  of  connectiTe  tissue,  all  the  constituents  of  which  have 

nearly  the  same  index  of  refraction,  m  that  in  the  perfectly  fresh 

iticfii  it  is  difficnlt,  ercn  with  the  best  lenses,  to  make  out  any 

^irm^  of  stractare.     After  death,  however,  and  with  the  assistance 

^  coraea  may  be  ascertained  to  consist  of  alternating 

lis  tissue  (aboHt  sixty  in  numljer,  Bowman),  theplan^  of 

t  are  parallel  to  the  surfaces  of  the  cornea.     The  fibres  composiiig 

^unella^  are  nearly  atraitjht  and  have  a  definite  direction  in  each  layer ; 


C30B1I«1, 


fl^  Sis. — ^YimTicjii.  racnow  throxjoh  thb  xpithkuum 
HiTMAJi.     (E.  k.  B.)    Highiy  magnified. 

,  dbmrt  «olam]i*r  eelk ;  p,  poljgotmj  cells,  immedi&telj  abore  tli^iii ;  Jt^  flattened 
k«f  thflinr&ML 

» Mctiaii  lA  sligfatlj  broken  OH  t!ie  riglit  of  the  figure.     Tlie  intexceUukr  chaimela 
\  Mvnjm  by  prooessoB  extenditig  frota  one  cell  to  another  are  diatincUy  seen. 


r  croas  one  another  at  right  angles  in  the  alternate  layers  (Bg.  829,  &,  d). 

^^^  must,  however,  be  understood  that  the  latter  are  not  individually 

^?^4inct,  but  give  off  freqoent  offsets  to  the  layers  above  and  below,  so 

I^^U  they  cannot  readily  he  stripped  away  for  any  distance.    The  fibrils 

^^^^oollected  into  roundish  bundles,  which,  as  well  as  the  laminaa  they 

^^Htan,  are,  as  in  the  connective  tissue  elsewhere,  separated  from  each 

^^^kr  by  ground-sobstance.    The  latter  is  in  greaterabundance  between 

^^H  fibrons  strata  thaa  elsewhere,  and  in  these  parts  the  celt-sjmces  of  the 

^Hme  are  found.    These  ceH-spaces,  which  are  readily  demonstrated  by 

|pt^imng  the  tissue  with  nitrate  of  silver  (fig.  331),  are  flattened  con- 

^*^rmably  with  the  lamellae,  are  of  an  irregularly  stellate  figure,  and  freely 

^nununicate  by  their  offsets  both  with  others  on  the  same  plane  and 

Vith  thoee  abo%^  and  below.     The  greater  regularity  of  arrangement 

^-hich  characterise  them,  as  compai^d  with  the  cell-Bpaces  of  connective 

Itasae   elsewhere,  is  dependent  on  the  regularly  laminated  structure 

^  1^  oomea. 

The  corpuscles  of  the  timue—corfiml  corpttscks—Ue  within  the  cell- 
moe8»  corregponding  generally  with  them  in  form,  but  without  entirely 
iJliit^  them,  tne  room  left  serving  for  the  passage  of  lymph  and  lymph- 
oorposcles.  The  protoplasm  of  the  corpusc^lcs  is  clear,  except  in  the 
neighboorhood  of  the  niickus,  where  it  is  more  granular  ;  the  cells  send 
branching  processes  along  the  BTiastomoBiog  canals  of  the  cetl-spaces, 
which  join  with  those  of  neighbouring  corpuscles.  In  vertical  sectiona 
the  corpuscles  appear  fusiform  (fig.  321*,  c),  but  horizontal  sections  show 
them  to  be  flattened  confonnably  with  the  surface  (fig.  330). 


Fig.  829,— VBBticAi.  sicnojf  op  hum  ait  ooritba  trom  muR  tbm  mamo  {t 

3»  epitlielitim  ;  2,  anterior  homogeneous  Lunimi ;  3,  aubstanti*  propria  < 
tefioT  homogeneotis  (cbugtic)  brolaa ;  5,  epitbcllam  of  the  unterior  chamber;  i 
fihrea  in  the  anterior  layer  of  the  &tibetatttia  propria  ;;  h^  laiii«Ll»  the  6bret  of  ^ 
cut  across,  producing  a  dotted  appearance  ;  f,  comeiil  corpoacles  appeariiig  fl 
section  ;  dj  lamellae  the  fibres  of  which  ore  cut  longitudinally  ;  t,  traAsiiion  to  thf 
with  more  distinct  fibrillation,  and  sumiouiited  by  &  thicker  epitholium  ;  /,  a| 
yeasck  cut  acrosB  near  the  margia  of  the  cornea. 
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[  of  mmnte  swollen  tnbnlar  paBsagos  imming  at  right  angles  to  one 
II  the  different  lajen  (Bowman's  oomeal  tubes).  This  appearance  may 
I  rea'lil  J  be  obtained  if  air  is  injected  into  the  tL^s^e  insteod  of  mercury 
i  iM«d  bj  Bowman),  and  it  U  seen  that  the  injection  alwajB  stops  at  the 
ff   tlie  oomea,  where  the  tisi^ne  bcoome^)  denser  as  it  paasea  into  the 

liereaa  Eecklinghaosen^s  (»malB  are  continued  into  the  oell^pooes  of 

mrt  of  the  oomea  immediately  beneath  the  anterior  epithelium, 
1aau6»  of  from  ^^^  to  y^  of  an  inch,  is  denser  than  the  rest 
KQe,  and  entirdr  free  from  corpnsdee  (fig.  329,  2).  It  was 
iie  anterior  elastic  lamina  by  Bowman,  but  appears  not  to  differ 
ly  ill  structure  from  the  rest  of  the  corneal  Buhetiince,  fibres  from 
nay  be  seen  passing  obliquely  towards,  and  becoming  lost  in  it 
5,  a). 


Fig.  sao. 


Fig.  S81. 


SO. — GbarosoLiB  of  thb  a^T't 

iA«  FaoxA  PixpA&Afioif  Tai4Tin 

CBI^BIDI  Of  OOLI»*     (E.A.8.) 


Pig.    S31. —  CetL-spicBs  of  thi  eat's 
CORNEA.  From  a  FaKFAJtATiOM  sTAnrii» 

WITB  HITaATBOF  SILTM,       (B*A,SO 


t  m&mibpmBm  of  Descemet  or  Bemonis  (fig.  829.  4)  (posterior 
t  lamina.  Bowman),  not  very  closilj  united  irith  the  fibrous  part  of 
me^  is  tranBparent  and  glassy  in  appeamnoe.  It  is  firm  and 
QidesB^  but  yerj  elastic  ;  and  when  shreds  are  removed  from  it 
end  to  carl  up  with  the  attached  surface  innermost.  It  appears 
I  l)e  affected  oy  acids,  by  boiling  in  water,  < >r  by  maceration  in 
%  but  nnder  some  conditions  it  can  be  qtlit  np  into  very  fine 
B.  In  thickness  it  varies  from  xsW  ^^  yoo<p  ^^  ^^  '^*^^'  ^^  ^^ 
icxt  the  anterior  chaml>er  with  an  epitheliom  (fig.  321>,  5),  which 
»]es  that  on  eerons  membranes,  consisting  of  a  single  layer  of 
ed  polygonal  cells  with  distinct  nuclei. 

ta  circumference  the  membrane  breaks  up  into  bundles  of  fibres, 
■ne  partly  continued  into  the  front  of  the  iris,  forming  the  "  pillars 
iris  "  and  partly  into  the  fore  part  of  the  choroid  and  sclerotic 
To  these  festoon-like  processes  passing  between  the  iris  and  pos- 
jart  of  the  cornea  at  it^  junction  ^vith  the  sclerotic,  and  which  are 
g^^ore  marked  in  the  eyes  of  the  sheep  and  the  ox  than  in  the 
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human  eye,  the  name  ligamenhim  pecihmtum  iridis 
Hueck.  The  processes  in  qiiGsfcion  ai-e  covered  with  epithelio 
tinned  froin  Descemet'e  membrane,  \mi  i\wm  cells  do  not  stn 
tlie  iniervah  between  the  processes,  so  that  the  cavity  of  the  • 
chamber  is  prolonged  hi  to,  and  freely  communicates'  with^  en 
gpaccB  {sjMc^s  of  Fontana)  in  the  tissne  between  the  piix^eaeetl!^  ' 

Pig.  832. 


3C^^.C^^^ 


m 


m^mM^ 


'-m 


M 


Pig.  S32. — Skottoh  (fkoii  the   bte  of  a  nAir,  aokd  80),  suowura 

or    VHB    COllKKAf    SCLBROTIC,    AND    TKIS,     TlkOETUEK    WITU    THE    CrLJART    W1 
THE    CAVERS OUS    SPACES    KEAR    THE    ANGLE    Of    THE    A^TJtRlOK    OHAMSUl  0 

Magnified. 

A,  epithcliutn  j  b,  conjunrtiTal  miicous  membmiiG  ;  c»  Bcleroiic  ;  d,  mr| 
Bpaoe  and  lamiDBe  ;  e,  opposite  the  ciliary  muBcle  ;  F,  choroid,  with  cUlvj 
o,  para  ciliarig  retina? ;  K,  cornea  ;  l»  iris  ;  K,  radiating  and  loendional.  and  u 
annular  liUDdles  of  the  ciliary  muscle  ;  m,  hiindles  poking  to  the  sclerotic ;  p.  IJ 
pectinatum  india  at  the  angle^  o,  of  the  anterior  chamber;  p«  line  of  altadni 
iria ;  1^  miterior  homogeneous  latninsi  of  the  cornea;  %  posterior  homageaM 
covered  m  ith  epithelial  cells  which  are  continued  over  the  front  of  the  int  \  IL 
spaces  at  the  an|i;1e  of  th^  anterior  chamber  (spacer  of  Foutana)  ;  4,  tikinl  j 
with  epithelial  Linings  and  with  a  ressel,  5,  leading  from  it ;  6,  oilier  T^nftb ; 
of  fibres  of  the  sclerotic  having  a  circular  direction,  cut  ncross ;  8,  la^r^ger  o 
flubetanoe  of  the  sclerotic  ;  9,  fine  Imadle.*)  cut  acrofiir,  at  limit  of  comoBk ;  W 
orig;tn  of  meridional  bundles  of  ciliary  mijecle ;  11,  blood -veseels  id  jj^Jcmith 
jtmctiTA,  cut  across  \  \%  seciion  of  one  of  the  ciliary  arteries. 
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r,  hut  rather  larger  space  is  foaod  elighily  anterior  to  these  in  the 
of  the  sclerotic,  dose  to  its  junctioix  with  the  corn  en.    This, 
I  elliptical  in  section,  is  known  as  the  smu^  ctrculam  mdis,  or 
(fig.  832,  4). 

Qg"  to  Schwalbe,  the  canal  of  ScUemm  communioateei  ihrongh  the  other 

^  with  the  aqueous  chamber  of  the  eye.     But,  on  the  other  hand,  the  canal 

damn,  and  the  other  cavemoua  spaces  in  ite  neighbourhood,  are  in  com- 

wi&on  with  the  veinf  of  the  anterior  part  of  the  Hclerotic,  and  therefore  the 

II  chamber  must  alio  throu|^h  them  conLmunicate  with  the  Teins.     In  Bup* 

i^thii,  it  W3U  found  hj  Bchwalbe  that  both  the  spaces  and  the  rcina  became 

coloured  fluid  when  this  had  becm  injected  into  the  anterior  chamber. 

1  does  &ot  find  ito  way  into  the  latter  daring  life  is  not  explained  ^  eince 

ihare  as  jet  been  discoyered  in  these  yeina  or  spaoes  t  the  reaH>n  given 

*  greater  resutanoe  is  offered  to  its  -psuasage  here  than  to  its  return 

linary  paths. 

to  Leber  on  the  other  hand,  the  results  obtained  by  SehwaJbe  were 

ble  colouring  matter  haying  been  employeil  for  Ming  the  anterior 

>er  affirma  that  when  a  non-diffusible  one  1b  used  It  never  peuetratee 

of   Schlemm,  which  m  i^imply  &  large  circular  terminal  yein,  or  a 

i  of  two  or  three  plexiform  yeins  uniting  at  frequent  intervals  into  one 

;  is  admitted  however  that  fiuid  may  pa^  with  extreme  readiness  from 

or  chamber  into  these  yeins, 

and  nerves, — In  a  state  of  health  the  oomea  is  not  pro- 
rtth  blocHl-vcsiseb,  except  at  the  circumference,  where  the  ciipil- 
i  of  the  conjunctiva  and  sclerotic  end  in  lo<]|>s.  Neither  are  any 
"  atic  vessels  discoverable,  onless  the  channels  in  which  the  nervt'S 
which  are  lined  with  flattened  cells  and  are  indireetlj  in 
don  with  the  cell-spaces,  are  to  be  taken  as  representing  them, 
iv?^,  on  the  other  hand,  are  very  Dumeroiis.  Derived  from  the 
nerves,  they  enter  the  fore  part  of  the  sclerotic,  and  are  from 
j'to  forty *five  in  number  (W^aldeyerj.  Continued  into  the  hbrons 
F  of  the  cornea,  they  retain  their  dark  outline  for  ^^^th  to  yLth  of 
Inch,  and  then,  becoming  transparent,  ramiiy  and  form  a  plexus  in 
laminated  structure,  near  the  anterior  surface*  From  this  primary 
fundamental  pUxm  other  nerves  proceed,  and  passin;^  obliquely 
]>ogh  the  anterior  homogeneous  lamina,  divide  into  pencils  of  fibrils* 
see  general  direction  is  towards  the  centre  of  the  oomea,  and  which 
I  with  one  another  to  form  a  much  finer  and  closer  plexus  at  the 
^  of  the  cornea,  immediately  beneath  the  epithehiim.  From  this 
^fidary  or  subepithelial  plf-rus  exceedingly  fine,  varicose,  ultimate 
Bs  (fig.  333,  h)  pass  amoni^r  t^^  epithelium-celis,  and  form  here  a 
id  plexus  or  rather  network,  the  intra-epithelial  plexus,  which  ex- 
ds  almost  to  the  free  surface  (fig,  333,  c,  er),  and  the  fibrils  of 
jeh  end  in  minute  terminal  varicosities  or  knobs.    According  to  Klein 

I  docs  not  represent  the  ultimate  ending,  but  the  intra-epithelial 
ib  are  beset  with  minute  ramifying  processes,  passing  off  at  right 
les  from  them  and  forming  a  yet  finer  and  closer  network  between 
epithehnm-cells. 

II  addition  to  the  nerves  which  are  destined  for  the  epithelium, 
Kn,  destined  for  the  proper  substance  of  the  cornea,  come  otl"  from  the 
lary  pkxoaes,  and,  after  uniting  into  one  or  more  secondary  plexnses, 
oordjs  of  which  are  still  composite,  eventually  form,  in  and  among 
luoiiiae,  a  tenninal  network  of  ultimate  fibrils,  the  meshes  of  which 
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arc  much  more  open  than  those  of  the  intra-epithelial  netwoifcl 
173,  c,  c?,  p.  173).  An  actual  connection  of  these  nerves  with  i 
puscles  of  the  cornea  has  never  been  satifactoril^  shown ;  ill 
since  the  fine  nerve-fibrils  run  in  the  anastomosing  cell-qiM 
come  into  close  connection  with  the  corpuscles  and  their  p 
and  have  been  described  by  some  observers  as  being  actnallj  coi 
with  the  latter. 

The  larger  branches  of  the  nerves  are  covered  with  a  shetth 
toned  cells  which,  as  before  mentioned,  are  in  connection  wi 
corpuscles  of  the  cornea.      At  the  points  of  junction  of  the 
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Fig.  833.~Termxkatxoh  of  kiryes  ik  thb  rabbit's  corxra.      Chlorim  « 
preparation;  obuque  srctior  (Klein). 

rr,  part  of  the  primary  plexus  in  the  irobstantia  propria ;  6,  fibrils  of  tbt  M 
(subepethelial)  plexus ;  c,  part  of  the  tertiary  (intra-cpithelial)  plexus  (this  is  i^ 
in  the  figure  as  much  closer  than  is  actually  the  case). 

nuclei  are  frequently  seen,  but  these  appear  to  belonc:  to  the  enslMJ 
cells,  and  are  not  interpolated  in  the  course  of  the  fibres. 


THE    CHOBOLD    COAT. 

of  the  eye  (tu 

brown  membrane  lyinp:  between  tne  sclerotic  and  the  retina.  AnteB 
it  ia  continued  into  the  iris,  but  liefore  it  paf«es  into  this  it  ftii 
number  of  radial  inwardly  projecting  thickeninijs  named  ciliiqrl 
cesijcs,  disi)Ost'd  in  a  circle  and  eml)eddod  in  (^trrcspondine  pii 
the  surface  of  the  vitreous  humour  and  Busi>cnsor}-  ligament  oif  w' 
The  rhoroid  coat  is  thickest  behind  where  it  is  picrciHl  bytheoptic^ 
The  outer  surface  is  connected  to  the  pchrotic  by  l4M>fle*connpctiTeli 
and  by  vessels  and  nerves  which  pass  ohliquoly  acnvg  a  lympH 
which  otherwiso  serves  to  separate  the  two  tunics.  The  inner  !■ 
which  is  smooth,  is  covcreil  by  the  hcxairniial  pisrmentod  celb  of 
retina.  The*\  when  the  n'tin'a  is  dctachrtl,  j^^inTdly  remain  idkfl 
to  the  choroid,  and  were  formerly  described  as  belonging  to  tlMft  < 
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are  now  known  to  be  intimately  related,  both  in  their  develop- 
also  physiologicallyy  to  the  retina. 


^4L — Cbokotd    mxm- 

feai  An  IU8  EXPOSED 
1KB  mXMOTAL  OP  THE 
ftOnC       AKD      OORVEA 

irSnn).  Twice  the 
rmAi.  SIZE. 

pMt  of  the  sclerotic 
I  hmck  ;  b,  ciliary 
;  r,  iris  ;  e,  one  of 
fiftiy  Derves;  /,  one 
I  rasa  vorticoiia  or 
Id  veins. 

K  ciliary  jyrocesses 
335),  about  seventy 
imber,  are  arranged 
lionally,  and  to- 
ff form  a  circle, 
r  consist  of  larger 
smaller  thickenings 
)Qt  regnlar  altema- 


Fig.  334. 
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nHivD.    Twice  the  katural  size. 

posterior  surface  of  the  iris,  with  the 
ier  moscle  of  the  papil;  2,  anterior 
f  the  choroid  coat ;  3,  ciliaiy  processes. 

Each  of  the  larger  ones,  mea-  [-,? 
g  about  ^  of  an  inch  in  length  *^^>_ 
fty  in  depth,  forms  a  rounded  pro- 
)n  at  its  mner  (anterior)  end,  which 
»  from  the  pigment  which  invests 
rest  of  the  structure ;  but  ex- 
Uy  they  gradually  taper,  and  dis- 
ur.     The    smaller    processes    are 

half  as  deep  as  the  others,  and 
t    one-third    as    numerous.      At 

near    the    inner  ends  the    processes    are   connected   by   lateral 
)ctions. 

BTBUCTXTBX   OF   THX   OHOBOID. 

ic  choroid  consists  mainly  of  blood-vessels  united  by  a  delicate  con- 
ve  tissue,  which  contains  numerous  large  ramified  and  pigmented 

:temally  the  choroid  is  bounded  by  a  membranous  layer  similar  to 
iamna  fusea  of  the  sclerotic,  and  known  as  the  latnifia  si/pra- 
idea.  This  is  composed  of  a  thin  membrane  (or  membranes)  of  a 
geneons  aspect,  but  pervaded  by  a  network  of  fine  elastic  fibres,  and 
ed  by  large  flat  epithelium-like  cells.  It  contains  also  large  flat- 
pigment-cells  dispersed  irregularly  or  arranged  in  patches,  \sith 
lerable  intervals  firee  from  pigment-cells  ;  and  lymphoid  cells  may 

:>U    II.  D  D 
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occur  in  it  here  and  there  Bm^lj  or  iu  groups  (fiff-  ^36X 
united  to  the  laimiia  ftisca  by  vessels  and  batidss  of  corm^ 
enclosing  pigment-cL'lls,  and  the  two  lamitnii  as  well  as 
Btructnnjs  are  coated  with  paTement-cpitholium,  a  Ijmph-qiDl 
thus  formed  iK'tween  tlie  sclerotic  and  choroid.  This  fpe 
inunicatcs,  at  the  places  where  tlio  vessels  and  nerves  pierce  tbei 
with  that  of  the  capsule  of  Tenon  (Schwall^e).  ^ 


Fig.  336. — A  SMALL  PoETios  or  LAMniJi  serpRA-CHrtBoiDEA.     Highlj  am 

(E.A.  S.) 

Pi  pigracnt-ceUs ; /,  elastic  fibres;  ji,  nuclei  of  cpithcljoicl  cells  (the  ovdi 
ccIIe  are  not  itiditmttMl)  ;  /,  lytopbotil  cellK. 

The  clioroid  proper  resembleft  in  general  atnicture  the  lamii 
choroidea,  but  contitins  in  addition  a  very  large  number  of  Hoot 
From  a  differeTH-e  in  the  tincness  of  these  constituent  v 
resolves  itself  into  two  strata,  outer  and  iimer  ;  the  former  a 
the  larger  broncbcs,  and  the  latter  the  capillary  i'amification& 
of  connective  tisssnc  which  nnitc's  the  two  fttrata,  and  is  nearly 
pigment,  is  srtmetimes  described  as  a  third  or  intermediate  |j«rt 

In  the  outer  part  of  the  coat  are  situated,  as  just  stated,  1 
branches  of  the  vessels.  The  arteries  (sfwrt  eiUary)  are  com] 
large  and  nnmerons,  and  pierrinij  the  sclerotic  close  to  the  oj 
(fig.  337,  f/),  divide  into  Ijranches  whieli  are  dii-ected  at  finBt 
but  soon  bend  ohlii|neIy  inwards  tn  end  ni  the  ci^pilJary  lave 
the  vehis  {mm  vorliema)^  exteriml  tr>  the  arteries,  are  dis|>06ed 
as  they  converge  to  four  or  tive  principal  trnnks  (fig.  334,/; 
33K,  h\  which  pierce  the  sclerotic  about  halfway  l>etweea  the 
the  cornea  and  the  entrance  uf  the  optic  nerve.  In  the  mt€ 
the  vessels  are  elongated  and  sti41ate  pigment -eel  Is. 

The  iimer  part  of  tlie  c!iori>id  coat  (tuinai  Iktttf»chmna  i 
laris^  hg,  AM,  m)  is  formed  mainly  by  the  capillaries  of  the 
vessels.     From  the  ends  of  the  arteries  the  capiUaries  radii 
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rm  meshes  which  are  closer  than  in  almost  any  other  te^tm-e, 
klly  fine  at  the  back  of  tlie  eyeball  The  network  reaches  as 
as  about  |th  of  an  inch  from  tlie  cornea,  or  opposite  the 


gfr- 


liere  its  meshes  become  larger,  and  join  those  of  the 


iOftAllirATtO    »t- 

V  or  TBS  coifitsi 

ittiB  tn  TBI  KTB. 

sacnov  (Leber). 

Wm     CAPlLtA&JJCS 

of  Optic  ntrre ; 
trior  cilu&rT  ar- 
nch  to  the  optic 

'  ■■*■■-  r  ciliary 

ry  TC»- 

^juctiral 

tctnor  ccmjuncti- 

KOtnU  TeaseU  of 

TeaaeU  of    the 

iUe  optic  nerve ; 
ic  outer  sbeath ; 
lo  ;  »,  ibort  p09> 
mn ;  If  niuuBto- 
ttlftl  rcsaeli  with 
0rv« ;  m,  chorio- 
pboleiml  Teaeii ; 
tmj  ti  the  cho- 
•  indu  major  (in 
iHek  of  iii« ;  r, 
nrj  pTOC«n  ;  <, 
ilikry  moaclc  to 
,  I,  branch  froin 
jO  anterior  dlJATj 
of  Sdtkimm;  v, 

wit   mMigm    of 


juier  surface 
a  Bnyschiana 
leless  or  fine- 
1  transparent 
be  membrane 

hich  lies  next  to  the  pif^mcntary  layer  of  the  retina,  and 
1  the  region  of  the  ciliary  processes,  presents  on  its  inner 
irrous  raicroscopic  retionlar  folds, 

jjy  processes  haTC  the  same  stractnre  as  the  rest  of  the 

t  the  capillary  plextia  of  the  vessels  is  less  fine,  and  has 

chiefly  a  longitudinal  direction  ;  and  the  ramified  cells, 

mber,  are  devoid  of  pigment  towards  the  free  extremities  of 

•PMseh  of  the  ciliary  processes  (fig.  »U(i,  d)  are  very  nnmeroag, 
red  from  the  anterior  ciliary  (^g,  331,  c)  and  from  those  of 
;  of  the  choroidal  membrane.  Several  small  arterial  l»raiiches 
ter  part  of  each  ciliary  process,  at  first  running  parallel  to 
[idcomrannieating  sparingly.  As  they  enter  the  prominent 
on,  the  vessels  iiecnme  turtuotis,  sobdivide  minutely,  imd 
equentlj.     Finally  they  form  short  arches  or  looi>s,  and  turn 

D  D  2 


baekwartls  to  pour  their  contents  into  the  radicles  of  tBerlB 
free  bonier  of  the  fold,  one  artery,  larger  than  the  rest,  extern 
length  of  ea<.^h  ciliary  procees,  and  commiiDtc^ates  throngh 
Tesfiela  witli  a  lon^  venous  trunk  whieh  runs  a  similar  ca 
attiirtiini  8urfsiee, 


I 


Giliajrj  mtiBcle.^ At  the  anterior  part  of  the  choroid, 

the  sclerotic,  is  a  zone  of  plain  muscular  tissue,  the  riUm 

Fig.  338.-~R«i 
cooita«  OF  n 

THK  CHOSOfPi 

The  cil^kTj  1 
posed  to  be  ra 
right  »it]e  to  eh 
of  the  ciliiirj  ] 

Bowman, 

:^;l:>,  10)  by 
from  the 
Kcl  erotic  cl 
Ilea*  bet^ 
8chloium  aTi( 
of  Fniitana,  ai 
spreading  out, 
backwards  (fi 
to  be  inserts 
choroid  oppi 
ciliary  proc 
partly  fcrUier 
their  insertio 
pns8  equatorii 
tt^r -cross  so 
p<'cnliar  gtell 
A(H:;ordin<^  tc 
a  mnall  po 
owtcrmogt)  13 
inserted  into  tlie  selerntic  coat  (fig.  nr{2,  Ji).  These  antem- 
fmridiomfi  a  fid  rffdfiffimjjihre.s,  jmss  at  tlio  side  next  the  iris  i 
fibres  (l),  which  have  a  circular  course  arinind  the  inscrti< 
This  set  forms  the  ciretfkir  riiifirff  wu-irk  of  H.  Muller,  ' 
muscle  is  nnu'h  developed  in  hjpermetropic  eyes,  bdt  is  t 
may  even,  it  is  Siiid»  lie  absent  in  myopic  f  Iwanoff ).  Tlie  ci 
at  least  its  iuiier  fm*t,  was  formerly  described  as  t\ic  ctltartf  I 
birds  the  ciliary  niuscle  is  composetl  of  eros8-8trii>ed  mu.«culj 

The  nifrtt'jt  of  the  choroid  wOl  Iw  ilescribed  with  those  of  the 
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THE    IRIS. 

The  xrim  is  the  contractile  and  colonrcfl  membrano 
beliind  the  (rfinsparent  coniea»  and  gives  the  tint  to  the 
centre  it  is  jK-rforated  by  an  aperture— the /??7?/7. 

At  its  circumferential  border,  which  is  nearly  circtilfli 
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HNis  with  the  choroid,  and  by  tho  lipimeiitura  pectinatrim,  with 
Bit :  the  free  inner  ^dgQ  is  the  boimdarj  of  the  papiL  The  iris 
Blliair  an  inch  across,  and,  in  a  state  of  rest,  about  one-Htlh  of 
B  from  the  circumference  to  the  pupil  The  anterior  siirfacc, 
Br  cx^lonrcd  in  difierent  eyes,  is  nuirked  by  waved  lines  converging 
the  pupil,  near  whicli  they  join  in  a  series  of  irregular  e!eva- 
and,  internal  to  these,  other  finer  lines  j^ass  to  the  pupil.  The 
ior  sorfiice  is  cxivered  with  dark  pigment,  and  is  marked  by  a 
r  of  fine  converging  tblds  or  thickenings  prolonged  fit)m  the 

Fig.  339. 


«t  «f  Um  lifgier  veiiu  ;  %  1111011  eomuitmlcatm^  vea^bi  ■  ^J,  bmntbes  dividing  into 


r  THE  oHORom  cuAT  (from  &ipp«jr),    so 


l40«— VXVSLI  OF  TKK  CUI>RUII>,  i'JLlAttV  ritOCKSlHKii,  A.SV  IRtS  Ol^  A  CHlLli  (AjT&olll) 
MaOSIFIKIj    10   TIHE8. 

C^>tnlt7  network  oS  tbo  iJostcTior  iniri  uf  ike  elioroid,  ending  at  li,  llie  oni  Benrntft  ; 
mm  ti  tl»e  ooroDA  ci]i»n«j  luppljing  the  ciliary  processes  d,  und  pnuotitig  into  the 
E;/i  tbo  G»piUAr|  network  ckee  to  tho  pupillury  mar^iu  of  the  irts. 

he  pupH  is  nearly  circulin*  in  form,  and  is  placed  a  little  to  the 
r  «ide  of  the  centre  of  the  iris.  It  is  constantly  varying  in  size 
iig  life,  the  variation  ranging  from  ^^t^*  ^^  i^^  ^^^  ^?  **ic^«  ^"** 
■""'Bg  tho  quantity  of  light  admitted  to  the  eyetalL  It  is  habitually 
young  than  In  old  persons. 

8TBXJCTIJBS    OF   TSm    HUB. 

nective  tigsue  forms  the  framework  of  the  iris,  and 

scattered  thrtmgh  the  texture.     It    contains   also 

and  nerves.    The  epithelial  layer  of  the  membrane  of 
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Descemet  (fig.  332»  2)  is  continued  from  the  mai^in  of  the « 
the  front  of  the  iris  ;  its  cells  are  smaller  and  more  granulirl 
which  ciixev  the  membrane  of  Descemet,  bufc  are  otherwise  m 

The  stifoma  consists  of  cells  and  fibres  of  coiiuectivc  tUH| 
directed  for  the  most  part   radially  towards  the  pnpil*       ^m 

In  the  fiubstuncc  of  the  iris  anteriorly  and  throughout  il 
are  variously -ah  aj^ed  ramified  pig^ment  cells  like  those  in  i 
The  pigment  contained  in  them  is  yellow,  or  of  lighter  or  da 
of  brown,  accordin^^  to  the  colour  of  the  eye.  At  the  poete 
in  a  coverin*,'  of  dark  pigment*  the  mra  of  authors ;  this  10 
with  the  (retinal)  pigmentary  layer  lining  the  ciliary  pn>ce«l 
consists  of  several  strata  of  small  roundish  celln  filled  with  bbi 
granules.  The  colour  of  the  iris  depends  on  the  pigment  in 
cells  ;  in  til  e  different  shadt'S  of  I  due  eye  it  arises  from  the  bb 
of  ttie  posterior  surface  appearing  more  or  less  through 
which  in  sucli  oitses  is  only  slightly  coloured  or  is  colourless 
black,  brown,  and  grey  eye,  the  colour  is  due  to  the  p 
scattered  through  the  substance  of  the  stroma  itst-lf. 

The  muscular  tissme  is  of  the  nou -striated  kind,  and  ta 
a  ring  {^p/n'mirr}  around  tlie  pupil,  and  as  rays  (diliitak 
sphincter  to  the  circumference.  M 

The  spkimter  (fig.  3 If,  a)  is  a  narrow  baud  about  JP 
wide,  situated  close  to  the  pupil  pcjsteriorly.    Near  the  m: 


Fig.  341.  P^fi-  ^^^- — Seomot 

^  sKMst  raox  thb  j 

WAom  Amtn.  an 

FTEAL   PiaiClVT  ( 

luuaele  g£  the  pttpiL 

pupil  the  fibPB 
together,  but  th 
fibres  are  more 
and  form  lea 
rings. 

The  dilataim 
aj)parent  than  tl 
begins  at  the  ciliary  or  outer  margin  of  the  iris,  and  its  fih 
a  continuous  membrane  close  to  the  posterior  surfac*^,  oonvi 
the  pupil  Here  they  bend  round  and  blend  with  the  sph 
reaching  nearly  to  its  inner  margin.  At  their  origin  at 
margin,  they  also  arch  round  and  take  a  somewhat  circular  < 
Veaselg  of  tlie  iris.— The  hfi0  nluiri/  arfmes,  two  in  nn 
the  sclerotic  a  little  in  advance,  and  one  on  Ciich  side,  of  the 
Having  gained  the  interval  Ijetweeu  the  st^lerotic  and  d 
they  extend  horizontally  forwards  (figs.  8:i7,  8ti8,  b,  fig.  342 
by  loose  connective  tissue  to  the  ciliary  muscle.  In  this  co 
nearly  in  the  horizontal  plane  of  the  axis  of  the  eye-ball,  the 
tKjing  however  a  little  above,  and  the  inner  one  a  little  belon 
that  line,  A  little  behind  the  attached  mfirgin  of  the  irii 
diyides  into  an  opper  and  a  lower  branch,  and  these,  anasto 
the  corresponding  vessels  on  the  oppoeite  side  and  with 
jT,  ibrm  a  viiAciikr  ring  {iinitlm  rnqfor,  fig.  B88,  p,  fig,^ 
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^.  Fn»in  this  circle  Bmall  branches  arise  to  Ropply  tlie  ciliary 
lawhjlgt  others  converge  towards  t}ie  pni>il,  and  there*  frc-ely  oom- 
Kng  by  tmnsvciiBe  offsets  Irom  one  to  another,  form  a  eecund  circle 
BotDO«i«  {drcuhis  minm-),  from  which  capillaries  am  contibued 
m  and  end  in  email  veins. 

mitrrior  ciliary  artrries  (fig.  387,  f,  fipf.  842,  2,  2),  five  or  6ix  in 
r»  kit  smaller  than  the  Teasels  just  destTilietK  are  mipplJed  from 
luciilar  and  lachnTiial  bnuiehes  uf  tlie  ophthahnic  artery,  and 
the  sclerotic  atxjut  -j^th  of  an  inch  behind  the  margin  of  the 
;  tliey  divide  into  bnuichcs  which  mipply  the  ciliai'y  proccfiBes, 
D  the  circulus  major. 


'M     tlKW    Of 

^^^gMla  Of  THX 

C«»AT     JkJrt*      IWlli 

fOKE    (Arnold). 

ad  ;  B,  im;  c,  cilt< 
ide  ;  1,  1,  kng 
;  2.  2,  five  of 
ior  ciJi»i7  arteries 
»t  the  outer  tnAi^ti 
i»  ;  3v  loop  of  ccMu- 
msk  OM  of 
^or  mod  fHw  of  tbo 
!y  arteries ;  4,  inter- 
and  network  of  the 
iru ;  5^  external 

of  VCMCU 


these  special 
nan]en>i]s  mi- 
ls enter  the 
the    ciliary 


Fig.  342, 


Dm 


"ifis  of  the  iris  follow  ck^Bely  the  arrnngfement  of  the  arteries 
"ibcd*     The  canal  of  Scblemm  ec^mmunicates  with  tliis  system 

of  the  choroid  aJid  iris* — The  a  Hart/  nenrs  (fip,  334), 
fteen  in  nimiber,  and  derived  from  the  lenticnJar  ganglion  and 
"  branch  of  the  ophthalmic  division  of  the  fifth  nerve,  pierce 
Dtic  near  the  entrance  of  the  optic  nene,  and  come  immediately 
act  with  the  choroid.  Tbey  are  mmewhat  flattened  in  form,  are 
abedded  in  grooves  on  the  inner  snrfac^e  of  the  eclerotic,  and 
kicate  occapionally  with  each  other  lK?fore  supplying  the  cornea 
ring  the  ciliaiy  mupcle.  When  the  sclerotic  is  carefiilly  separated 
I  subjacent  structnreB,  these  nerves  are  R'en  lying  on  the  surface 
oroid,  into  which  they  send  brc*nehes,  and  in  which  they  form  a 
'  plexns  amongst  the  blowbvesads,  the  jltohiis  of  ganglion -cells 
ien  applied  to  the  walla  of  the  veswls.  Within  the  ciliary  muscle 
P?e8  als*!  subdivide  minutely,  foiining  here  au*>theT  plexus,  which 
08  a  number  of  mediillatei!  fibres,  and  the  cells  of  which  are 
r.  A  few  recurrent  branches  appear  to  pass  liack  from  it  into  the 
A  coat,  but  the  greater  number  pass  on  to  the  iris  (fig.  34:^,  a,  a)* 
}  iris  the  nerves  follow  the  course  of  the  blood- vessels,  dividing 
■mIm,  which  communicate  with  one  another  ns  far  ns  the  pupil^ 
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forming  a  close  plexus  of  fine  non-medullated  fibres.    Their  i 
destioation  18  probably  the  moscolar  tissue  of   the   iris  and  \ 


^*34S. 


Fig,    343.  —  IhtrixirT»f 

FBBVSS   III  TUI  UI3  ;] 
50    0IAMKTKBS. 

The  prepanLtian  iri^  !?«: 
eye  of  an  albino  r»blit ;  a.  wi 
branches  of  the  cilivy  m 
adriuicirig  tronx  the  tharmt. 
loops  of  anion  betwieB 
the  margin  of  the'  trU ;  t, 
iiiiioQ  iti  the  tris  ;  c\  fiacri 
in  the  inner  pftrt;  t^  rpUi 
]>upillai  muscle. 


THE    HETIHA. 

The  retina  is  a  ileliciite  membrane,  wliieli  contains   tbe  eipuil 
terra iniitiun  of  tbe  optic  nerve.     It  lies  witbin  the  choroid  coit, 
resU  on  tbe  broluid  membrane  of  tbe  \itreons  humour.    It 
forvvards  nearly  to  tbe  outer  ed^^c  of  tiie  ciliary  procesaes  of  the  d 
where  it  ends  in  an  indented  Ijorder,  named  ora  ^errata.  From  this 
there  is  contmuod  onwards  a  thin   layer  of  a  different  structoK 
eoutaining  no  nerve-fibres,  tbe  pars  dliaris  retina'^  which  reaches « 

Fig.   344.  ^  Thb  Ria 

RKTtXA     WITH     TBI   I 
BKTRJIKCIC  OF  TEl  OffN 
AS  flBE!r    WTTR    Tfll 

ifOi^cors  {B.  Jaeger). 

A,  optic  nenref 
the  lamina  cribron »  l, 
through  the  dUk-like 
til/  entering  ocrrc  ;  a,     , 
tire  tiniie  ;  fr,  chonidd: 

i  >  r&Qcheft  of  the  centAl 
the  retina,  ff  ;  <f,  faruicki' 
central  Tein,  A  ;  n^  iii&er«i 
bide ;  t^  outer  or  lemiion}  t 

m  tbe   ti]is    of  tbe 
processes,  and  there 
place  to  the  uveal  pi 
which  IS  continueu  tm 
tbe  pt>sterior  surface  oC 
ins.    The  thickneEB  of  Ik 
/^*i4iB«j3i.*^     .    -  retipa      dimintsbes     bm 

^  bebiud  forwards,  frf^mi^ 

of  an  inch.  In  the  fresb  eye  it  is  transhicent  and  of  alilk 
pink  colour,  but  of  a  purple-red  colour  if  carefully  shaded  from  lb 
light  for  a  little  while  before  remo%*ab  Under  the  iafluenoe  of  maS^ 
however  it  is  qiiickly  bleached  and  after  death  it  soon  bccameB  opM|i^ 
Its  outer  snrfacMs  is  covered  with  a  layer  of  hexagonal  pigm^Nicli 
which,  as  fcbe  study  of  the  development  of  tbe  parts  shows,  mcst  ^ 
regarded  as  lielonging  to  tbe  retina  and  not  to  tbe  choroid,  t<>  ^^ 
haa  usually  bc^'n  ascribed.    Moreover  tbe  pigment-c^lls  seud  line  -- 


to  ^,tb 
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the  external  retinal  elements.    When  the  choroid  is  detached 

>0ffiKt8  are  raptured  and  the  pigmentary  layer  comes  away  with  it. 

\  inner  surface  of  the  retina  is  smooth :  on  it  the  following  objects 

file  seen.     In  the  axis  of  the  ball  is  a  yellow  spot — macula  lutea  (limbus 

iy  Sommcrring) — which  is  somewhat  elliptical  in  shape  (fig.  347,  b), 

[about  ^th  of  an  inch  in  diameter  :  in  the  centre  of  this,  again,  is  a 

hollow^  fovea  centralis,  and,  as  the  retina  is  thinner  here  than  else- 

f  the  pigmentary  layer  is  clearly  visible  through  it,  giving  rise  to  an 

loe  as  of  a  "hole  through  the  tunic.    About  toth  of  an  inch 

Fig.  345. 


845. — Sscnov  through  thb  xiddlk  of  thb  optic  hervr  ahd  the  tuhics  or  thr 
XTS  AT  THE  PLACE  OF  ITS  PARSAGR  THROUGH  THEM  (altered  from  Ecker).     \ 

»  Rrterui  centnlis  retiii«  ;  h,  fasciculi  of  optic  nerve  fibres  ;  r,  dural  sbeath  of  the  optic 
»  pasnog  into  c',  the  sderotic  coat ;  c'*f  menibrana  fusca ;  d,  choroid  ;  c^,  layer  of 
laad  oones  ;  g,  the  nuclear  layers  ;  A,  layer  of  nerve-cells  ;  t,  layer  of  nerve-fibres ; 
h^rifieolus  or  eminence  at  the  entrance  of  the  optic  nerve  ;  l,  lamina  cribrosa. 

!  the  yellow  spot  is  the  round  disc,  porus  ojiiicus  (fig.  344,  A  ;  fig. 

^7,  a),  where  the  optic  nerve  pierces  the  retina  and  expands  to  form 

1i  nmer  layer.    At  this  place  the  nervous  substance  is  slightly  elevated 

I  to  form  an  eminence  {colUculus  nervi  apiici)  (fig.  345,  k,  k),  and 

t  ite  centre  is  the  point  from  which  the  vessels  of  the  retina  branch. 

Wlicn  examined  during  life  bj  the  aid  of  the  ophthalmoscope,  the  optic  disc 
of  a  light  giey  tint,  contrasting  strongly  with  the  colour  of  the  rest  of 
field  (see  fig.  344). 

MIOBOBOOPIO    STBUCTURB    OF    THX    BBTINA. 

When  vertical  sections  of  the  retina,  i.e.,  sections  made  perpendicu- 
IbIj  to  its  surface,  are  submitted  to  microscopic  examination,  eight 
diitiiict  strata  are  recognizable,  together  with  certain  fibrous  structures 
Milich  pass  vertically  through  the  membrane  and  connect  the  several 

The  following  are  the  designations  of  the  layers,  from  within  out- 


1.  The  layer  of  nerve-fibres  (nerve-layer). 

2.  The  layer  of  nerve-cells  (ganglionic  layer). 
8.  The  inner  molecular  layer. 

4.  The  inner  nuclear  layer. 


1.  Idiyerof 


Ftg.  346.— BlAQftAKilATiC  8£CTlOJr   OF  TBB   UUMAIT   ItSTIlA  (8 

In  addiiion  to  thege  ei^lit  straU  two  very  delicate 
<lc?scribe<l^the  one,  nmnhrana  liniiiafrs  interna,  Ixmndin^  0Bt 
it«  inner  giirftice,  next  to  the  hyaloid  memUrane  of  the  %itivo«llf 
the  other,  nmnbrana  Umiiafu  tjtfema,  lying  between  the 
layer  and  the  layer  of  r^jda  and  conee  ;  but,  mi  will  be 
explained,  these  so-ealled  **  membranes  "  are  merely  the  txmidi 
of  the  gustcntaeular  tiasuti  of  tlje  retina.  The  aoooiuii«n]ri]>f 
ttm\  Max  Sehnkze,  repfeiientg  (goniewhat  dia|n«nuiuitiaulr>  tte 
ananKcment  and  struetiin*  of  the  Inyei'g.  The  aevoal  *ll|«| 
retina  will  first  be  considered  suceesglvely  as  they  ai^  nset 
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out,  after  which  the  giistcntaeukr  fibres  or  fibres  of  Miiller  wliicli 
I  several  of  the  lavoi-s  vdll  l>e  desciibed,  uod  finally  aa  accuimt 
T  given  of  tliose  parts  of  the  retina  wliich  present  points  of 
\&i  from  the  lest,  e8|>edal]y  the  oeulral  fovea,  and  the  ciliary 

ii^er  af  u^^e-fibrea.^Thc  optic  nerve  (fit^.  345,  h  h)  passes  at 
ggjopticas  dirtctlj  thii.U}[,rh  the  thickness  of  the  retina  to  reach  its 
HpMgtOn  which  it  spreads  out  in  the  form  of  a  membnioe  (tisj.  ;^47) 
ettendfi  to  tlie  ora  scnrata,  lt«  tibree,  which  are  destitute  of  a 
re  sheath  and  vary  much  in  size  bnfc  are  mostly  small,  lose 
ncdullary  slieath  on  reaching  the  retina,  consisting  there  of 
linder  only  (Bowman),  They  are  collected  iiit«  small  kindles, 
eomprefised  laterally,  iutercommonicate  and  form  a  dclic^ite 
[ill  narrow  elongated  meshes.  At  the  yellow  spot  this  layer  is 
wantinf]^  (fig.  iU7J/),  but  elsewhere  it  fonns  a  con ti noons  stratum, 
ly  diminishing  id  thickness  in  front,  internipted  only  by 
^LTged  ends  of  the  fibres  of  iriiller  to  be  atlerwank  deficribed 
6,  1),     The  nerve-bundles,  as  well  as  the  cells  of  the  next  layer, 

Fig.  347. 


T.^PAftTOr  THE  LATIE  OFV¥BVB'FIBftK!l  ON  TItK   ISVEM.  WMWkQM  OP  Ttll   AtTlJfl 

(KolUker),    MAOitirjBD. 
^cnlttir  opticQA  ;    h,  yclJonr  spot ;   c^  d^  fjuailleii  of  nenre-fibreB  possing  round 
,  e,  bundles  rEidiating  in  oJl  Jircctiotia  from  the  point  of  cntmnce  of  the  nerve* 

irtially  covered  and  supported  by  flattened  cells  like  those  met 
in  the  interstitial  tissue  of  the  nervous  centres  and  probably 
^n^  to  the  connective  tissue. 

Qaaglionic  layer. — Immediately  extomal  to  the  nerve*fibre  layer 
tratum  of  nerve-cells  (fig.  34<j,  2),  of  a  spheroidal  or  pyriform 
I  and  ha\ing  in  the  fresh  condition  a  pellucid  aspect.  Each  cell 
single  unbranched  proces^s  extending  oblifpicly  from  its  rounded 
extn*mity  amongst  the  filtres  of  the  preceding  layer,  with  one  of 
it  is  no  doubt  c\>ntinuous.  From  tlie  opposite  end  of  t!ie  cell, 
18  frequently  unlx?dded  in  the  granular  substance  of  the  succeeding 
one  or  more  much  thicker  processes  extend  outwards  for  a  variable 
ce  into  that  stratum,  and  after  branching  dicbotomously  once  or 
becofme  lost  in  its  substance.  The  number  of  nerve-cells  and 
luenlly  the  thickness  of  the  ganglionic  layer  in  the  ditTcrent 
la  of  the  retina  varies  exceedingly.  Over  the  greater  part  of  the 
fttm  a  single  stratum,  but  in  the  neighbourhood  of  the 
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yellow  spot  they  are  placed  two  or  three  deep.     At  ihe 
(fig.  855, 2)  they  are  very  thickly  set  (from  eight  to  ten  deep) 
are  also  much  smaller  here,  and  are  bipolar.    Towards  the  o 
on  the  other  hand,  there  is  but  a  single  stratum,  and  that 
incomplete. 

3.  Inner  molecular  layer. — Next  in  order  to  the  ganelionicl 
a  comparatively  thick  stratum  of  a  granular-looking  suDBtanoi 
the  hardened  retina  exhibits,  under  high  powers  of  the  mioi 
appearance  of  a  network  or  spongeworkof  fine  homogeneons  tnl 
reticulated  interstices,  occupied  probably  by  lymph  ( Retdos). 
stance  presents  both  in  the  fresh  and  hardened  condition  a  o 
resistance  to  the  action  of  chemical  re-agents.  The  fibres  of] 
through  this  layer  without  being  directly  connected  with  its  i 
the  onsets  of  the  ganglion-cells  can  also  be  traced  into  it  lb 
or  less  distance ;  and,  lastly,  the  fine,  varicose  central  prooa 
nuclear  bodies  of  the  layer  next  to  bo  described  can  be  folloi 
distance  into  it  (fig.  850),  passing  in  the  direction  of  the 
and  nervous  layers.  Flattened  cells,  similar  to  those  notic 
nerve-fibre  and  ganglionic  layers,  are  also  said  to  occur  in 
molecular  layer,  especially  on  its  surfaces  (Golgi  and  Manfted 

4.  Inner  nuclear  layer. — This  is  mainlv  composed  of 
of  characteristic  transparent  nucleus-like  bodies,  wnich  aze 
known  collectively  as  the  "  inner  granules,"  but  are  of  thi 
distinct  kinds.  Those  of  the  first  kind,  bv  far  the  most 
(fig.  850,4),  are  round  or  oval  clear  bipolar  cells,  prolonged  at 
into  a  delicate  fibre,  the  cell  being  almost  entirely  occupied  faj 
of  corresponding  shape,  with  a  distinct  nucleolus.  These 
nucleus  and  nucleolus)  resemble  very  closely  the  analogous 
found  in  ganglion-cells,  and  indeed  the  bodies  in  question  aie 
regarded  as  nerve-cells,  but  with  the  protoplasm  of  the  cell  ver 
amount,  devoid  of  granules,  and  principally  collected  at  either 
nucleus. 

Of  the  processes  or  fibres  which  proceed  from  these  celh, 
one,  or  that  extending  into  the  inner  molecular  layer  towards 
glionic  and  nerve-fibre  lasers,  is  finer  than  the  other,  is  always  an 
and  generally  exhibits  mmute  varicosities  similar  to  those  on  tb 
fibrifi  of  the  nen^es.  A  direct  connection  of  these  inner  proo 
the  outwardly  extending  branches  of  the  large  nerve-ceUs  of 
glionic  layer  has  not  been  completely  substantiated  ;  but  it  is  ( 
probable  that  some  of  them  may  be  so  connected,  while  others 
directly  to  the  nerve-layer  and  there  become  continued  into 
fibre.  The  outer  prolongation  or  process  of  the  bipolar  o 
varicose,  is  thicker  than  the  inner  one,  and  in  some  cti 
undivided  into  the  next  layer,  in  othera  divides  into  branc 
in  this  or  before  reaching  it.  The  further  destination  of  tl 
will  be  afterwards  referred  to. 

The  relative  length  of  the  inner  and  outer  process  naturally  diffet 
to  the  position  of  the  individual  cell  in  the  nuclear  layer  ;  if  the  cell 
inner  molecular  layer  the  outer  process  will  have  a  longer  oonzee  t 
outer  molecular  layer,  and,  conversely,  if  the  cell  is  near  the  latter 
all  cases,  however,  the  inner  process  is  the  longer  of  the  two,  ei 
hefore  mentioned,  for  some  distance  into  the  oontiguoua  moleonlai 
the  macula  lutea  the^e  pi-ocesses  or  fibres  of  the  inner  nnolear  !■ 
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libliqQe  direction,  in  other  ports  of  the  retina  thej  run  verticallj 
5  rarfmces. 

ond  kind  of  "  inner  ffranule  "  is  entirely  difTerent  from  those 
bed-  The  cells  are  devoid  of  processes,  and  are  more  proto- 
they  are  exclusively  collected  at  the  innermost  part  of  the 
lear  layer,  where  in  man  they  form  a  nearly  complete  stratum 
■a),  and  they  perhaps  bear  some  relationship  to  the  inner  mo- 
rer,  bat  further  investigations  arc  required  as  to  their  nature. 
remark  will  apply  to  certain  other  cells  which  constitute  a  third 
ed  variety  of  the  inner  granules,  and  which  occur  here  and  there 
frmoJti  part  of  the  layer.  They  are  distinguished  from  the  ordi- 
ner  granules"  by  their  rounded  form  and  larger  size,  and  also, 
to  W.  Krause,  in  possessing  only  one  process— an  inner  one 
le  regards  as  a  terminal  nerve-fibre. 

the  fibres  of  Muller,  as  thov  traverse  this  layer,  are  connected 
nuclei  which  more  especially  belong  to  those  fibres  and  will  be 
with  them. 

•r  molaciilfcr  layer. — Tlic  outer  molecular  layer  is  much 
lan  the  inner,  but  otherwise  presents,  in  vertical  sections  of 
retina,  a  similar  granular  appearance,  with  a  few  scattered 
its  pnljstance,  and  in  which,  in  the  human  retina  and  in  that  of 
imalft,  it  is  difficult  to  make  out  any  definiti?  stnicture.  In  the 
tina,  however,  as  Rivolta  an<l  others  have  shown,  it  is  iwssible 
y  prepared  and  isolated  portions  of  the  layer  to  ascertain  the 
within  it  of  flattened,  irregular  or  stellate,  finely  branched, 
granular  cells    to    which   the  nuclei    in    (luestion    belong 

—  BEAScmcD  Kig.  348. 
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).  The  cell- 
rhich  are  ex- 
y  fine,  form 
ited  branch- 
miion  a  close 
or  feltwork 
oat  the  layer, 
tinocof  which 
i  wav  formed 

0.  l*he  nuclei  of  the  cells  are  clear  and  distinct,  each  with  a 
itively  large  nucleolus  ;  the  fine  fibn*R  of  the  network  are  stated 
i  and'Manfredi  to  exhibit  varicosities  like  ner^•e-fibrils,  but  accord- 
Ichwallx;  the  varicoflc  fibrils  in  all  probability  do  not  actually  fonn 
the  network,  but  arc  intercalated  in  its  meshes.  It  is,  therefore, 
in  whether  these  cells  are  to  be  regarded  as  of  a  nervous  nature 
i«  or  merely  M  supporting  structures  for  the  true  ncrvon? 
L  ThcPD  18  IjttJe  doubt  that  a  similar  structure  exists  in 
Ib  generally. 

Jajer  leceiveH  the  outwardly  directed  processes  of  the  bipolai 
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inner  granules,  and  these  probably  become  connected  witbin  i 

from  the  rods  and  cones. 

The  lajers  hitherto  described  contain  stmctnres  (cells  and  ilfaret)  whi 
donbtedlj  of  nerrous  natore,  and  which  appear  to  be  developed  in 
manner  as  corresponding  structures  in  the  brain.  The  two  next  to  In 
are  of  epithelial  nature,  and  constitute  collectivelj  what  is  somctiiMi 
the  nerye-epithelium  of  the  retina,  in  contradistinction  to  the  ai 
nervous  or  cerebral  part.  The  two  lajers  (outer  nuclear  and  ooli 
morphologically  but  one,  being  composed  of  long  cells,  which  eadm 
both  layers.  Each  cell  is  drawn  out  into  a  fibre,  and  famished  witii 
in  its  inner  portion,  (rod-  or  cone-fibre  and  its  outer  grannie),  and  ii 
modified  both  in  shape  and  structure  in  its  external  portion  (n 
proper). 


6.  Outer  nuclear  layer.— This  (figs.  34G,  350,  6) 
closely  at  first  sight  the  inner  nnclear  layer,  appearing^  Uke  tin 
sist  of  several  strata  of  clear,  oval  or  elliptical,  nnclear  corpoK 
granules),  from  the  ends  of  which  delicate  fibres  are  prolongei 
outer  granules  differ,  however,  essentially  from  the  inner  gni 
may  be  readily  distinguished  from  them.  They  are  of  twoldii 
present  well-marked  differences,  and  are  known  respectively  a 
granules  and  cone-granules,  accordingly  as  they  are  connected 
rods  or  with  the  cones  of  the  next  retinal  layer.  Those  wUdi 
nected  with  the  rods  are,  in  most  parts  of  the  retina,  by  fiur 
numerous,  and  form  the  main  thickness  of  the  outer  nnclear  by 
may  be  regarded  as  enlargements  or  swellings  in  the  courw  c 


am 


tm 


Fig.  349. — CoNVKCTioir  or  imnn  am 

A  BASE  OF  CONE- FIBRES  (aftCT  GuiUl).  I 
HI  PIED. 


Fig.  349. 


r,  cone  ;  ic,  cone-nadens  ;  /, 
base ;  gr,  inner  ffranule  ;  om,  oaternsli 
The  left  hand  figure  indicates  a  pralaUi 
between  the  base  of  a  cone-fibre  and  n  fa 
on  the  one  hand  ;  and  on  the  oAber  I 
same  inner  granule  and  a  pioce«olaM 
tm,  inner  molecular  layer. 

fibres  (rod-fibres),  which  extend  : 
inner  ends  of  the  rods  at  the  n 
limitans  externa  through  the  liU 
this  layer  to  the  outer  molecalark 
enlargements,  of  which  there  ish 
a  fibre,  situate  at  any  part  of  it 
are  each  occupied  by  an  elliptidl 
and,  in  the  fresh  condition,  exk 
markable  cross-striped  appearance  (Henle),  the  strongly  I 
substance  which  mainly  composes  the  enlargement  being  lA 
by  bands  or  disks  of  a  clearer  less  refracting  material,  nsoaS, 
number,  one  on  each  side  of  the  middle  line  (fig.  350),  1 
sionally  single  and  median  (see  the  left-hand  one  in  fig.  85i 
rod-fibres  are  of  extreme  fineness,  and  exhibit  minute  v 
in  their  course :  each  is  directly  continuous  at  the  0 
with  one  of  the  rods,  but  at  the  inner  end  appears  usuaUy  to 
in  a  somewhat  larger  varicosity,  from  which  one  or  more  fine  fl 
be  traced  extending  into  the  substance  of  the  outer  mokci 


outer  grannies  which  are 

Bted  with  the  cones  are,  in 

porta  of  the  retina^  moeh 

in    nomWr  than  the  rcnl- 

from   which   they   are 

gnishcd     hy    their    shape, 

is  somewhat  pjriform*  by 

enoe  of  trausverjse  sfcriation, 

>j  their  position— for  tbey 

Rthe  part  of  the  outer  nii- 
yer  nearest  the  membniDa 

uiB  externa,  and  the  larger 

>f  each  is  thns  in  close  proxi- 

to  the  base  of  the  correspond- 

>ne  (fig.  349),  with  which  it 

tectly  connectefl,  or  there  is  at 

a  short,  comparatively  thick 

uniting  the  two  (see  fig,  35i)). 

she   macula   liitca,  however, 

le  only  cone-granules  are  met 

^  many  of  them  are  further 

Ived  from  the  limiting  mera- 

e,and  the  stalk  is  then  longer 

oaoreattennateiL  The  nucleus 
Bch,   which,   as  iu  the   case 

•the    rod-granules,    occupies 
all  the  enlargement,  con- 

fc  a  distinct  nucltH*lus.    The 

^-fibre  is  very  much  thicker 

1    the     rod-fibre    above    de- 

»ed,  and   may   itself    appear 

ij  striated  or  fibrillated.     It 

csfirom  the  smaHer  end  of  the 

P'-«haped  enlargement  straight 

Nigh  the  outer  nuclear  layer 

fcach  the  outer  molecnhu-  layer, 
p  which  it  rests  by  a  some- 
^  t  pyramidal  base,  from  the 
of  which  fine  pnicesses 
be  traced  into  the  substance 
le  mulecolar  layer ;  one  at 
It  of  these  pfocesaes  has  been  shown  byGnmi  to  be  confrinnoTis  with  the 
hr  or  pCfipierd  process  of  an  inner  granule  (fig,  J?4D).  According  to 
ikd  we  piooeflses  abut  against  one  auother  witJioiit  being CA>ntinuoua. 
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7.  The  layer  of  rods  and  oones.  The  elemente  irind 
this  layer  are,  as  their  name  implies,  of  two  kinds,  tho 
one  kind — the  rods — having  an  elongated  cylindrical  form; 
on  the  other  hand  being  shorter,  much  thicker^  bulged  at 
end  or  base,  and  terminated  externally  by  a  finer  taperin 
Both  rods  and  cones  are  closely  sot  in  a  palisade-like  maime 
whole  extent  of  the  retina  between  the  membrana  limitanse 
the  pigmentary  layer  (fig.  34G,  7).  Except  at  the  maciria  h 
only  cones  are  met  with,  the  rods  far  exceed  the  cones  in  nmnl 
relative  number  and  arrangement  is  well  exhibited  when  t 
viewed  from  the  outer  surface,  as  in  fig.  351,  where  a  represent 
of  the  layer  from  the  macula  lutea  ;  b,  from  the  immediate 
hood  of  the  latter  ;  and  r,  from  the  peripheral  part  of  the  rctii 


Fig.  351. 


Fig.    Sal.—GcTRR    BUR- 

FACR  OF  THK   CX)LUMNAR 
LATKR    OF    THE   RKTINA 

(KoUiker).       850  dia- 

XKTKRS. 

a,  part  within  tho 
macula  lutea,  where  only 
cones  are  present ;  ft, 
part  near  the  macula, 
where  a  single  row  of  rods 
intervenes  between  the 
cones  ;  c,  from  a  part  of 
the  retina  midway  between 
tho  macula  and  the  ora 
ssrrata,  showing  the  pre- 
ponderance of  the  rods. 


Fig.  352.— A   BOD    ASD  A 

THE    HUMAX    RlTIirA  (Ml 
HlOULT    MAGiaFIED. 

In  the  rod  the  longitad 
of  both  the  outer  and  liUN 
shown  ;  in  the  oone  the  tm 
tion  of  tho  onter  a^ment  a 
tudinal  of  the  inner  aegmaii 
externa. 

The  rods  and  the 
though  difEering  thus 
?.nd  size,  agree  in  mani 
structure.  Thus,  eao 
of  two  distinct  8^ 
N'I'iB  inner  and  an  outer ;  th 
between  the  two  oocnn 
case  of  the  rods,  aboat  t 
of  their  length  (in  mn 
cones  at  tho  junction  d 
tapering  end-piece  with 
part ;  consequently,  the 
inner  segments  of  the 
nearly  similar  in  size  ai 
the  inner  being,  howevB 
bulged,  whereas  the  inne 
of  each  cone  far  exceedi 
one  in  size,  the  latter  i 
merely  as  an  appendi| 
inner  segment  (fig.  352).  The  two  segments  both  of  the  rodat 
exhibit  well-marked  differences,  both  iu  their  chemical  a» 
characters,  as  well  as  in  the  structural  aj)pearances  which  maybe 
in  them.  Thus,  while  in  both  the  outer  segment  is  doubly  i 
in  its  action  upon  light,  the  inner  is,  on  the  contrary,  singly  K 
the  inner  becomes  stained  by  carmine,  iodine,  and  other 
fluids,  whilst  the  outer  remains  uneoloured  by  these  reagenl 
stained  darkly  by  osmic  acid.  The  outer  segment  in  bo 
a  tendency  to  break  up  into  a  numl>er  of  minute  superimjM 
whereas  the  inner  segment  is  itself  again  distinguishable  into  ti 
an  outer  part,  composed,  according  to  Max  Schultze,  of  fine  i 
an  inner  part,  homogeneous,  or  finely  gi'anular,  and,  at  the  i 
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longed  into  fine,  straisfht,  filamentons  processes  (fig.  353,  J)i 
for  a  certain  distance  between  and  amongst  the  outer  eej^ 
rods  and  cones^ — indeed  the  outer  parts  of  the  rods  may  be  U 
altogether  embedded  in  the  pigment-cells  (c).  "  ^h 

Fig.  353.  ^ 


BPTOfRPl 


^i'ki^^ 


[T^r-V's 


Fig.    353. — TtOMMETED  XPTTHILICM    07   TSE   HUXAS    fiBTUTA   (Max    &hll!te) 

MAOXIFTED. 

a,  cells  Bccii  from  the  outer  surface  with  clear  lines  of  intercellular  robiliM 
5|  two  eelk  seen  id  profile  with  fine  offsets  exteudiag  mvards  ;  c,  &  cell  Ail 
tiou  with  the  outrer  eads  of  the  rods. 

The  pigment  granules,  many  of  which  are  in  the  form  of  ixiiiiat«  ci 
placed  for  the  most  part,  both  in  the  cella  and  cell-prooeas^s,  with 
axes  at  right  atiglfej  to  the  surface  of  the  retina.  The  distribution  fl 
ment  granules  within  the  eel b  varies  during'  life  and  imiuediatelj  afti 
of  the  eye,  according  ba  the  retina  has  been  shaded  from  the  light  «• 
ita  influence.  In  the  former  case  the  pigment  is  mainly  aocmttnkl 
body  of  the  cell  (or  at  least  its  inner  zone),  and  h  withdrawn  to  a  gi 
fmm  t}€tweea  the  rods ;  but  ftfter  expoeure  to  Uirhti  ft  large  UDooitt  a 
IB  found  between  the  roda,  and  some  of  the  granulea  may  eren  extend 
the  external  limiting  membrane.  The  pigment  appears  to  hAT6  tbi 
of  renewing  the  ooloor  (visual  purple)  of  the  outer  segments  of  tlie  \ 
these  have  become  bleached  from  expoaure  to  the  light.  This  icncrf 
colour  will  take  place  for  a  short  time  after  the  death  of  the  aaia 
excision  of  the  eye  (KiiUine)* 

In  some  animals  coloured  oil-dropleta  occur  in  the  son-pigmenled  } 
the  cells. 

The  intervale  between  the  rods  and  cones  are  only  partially  filli^ 
processed  of  the  hexagonal  pigment-celld ;  the  remaining  part  appi 
occupied  by  a  cle^r  substance,  which,  according  to  Henle  and  H.  Unik 
Boft  elastic  oomtliitence  during  life  and  in  the  fre^h  condition,  but  iooit 
after  death ;  but  according  to  Schwa Ibe,  is  normally  liquid.  In  tbi 
between  the  hexagonal  pigment  and  the  remainder  of  the  retina,  there  ill 
cleft  filled  mth  tiuid  (remains  of  cavity  of  primary  optic  vedde). 

The  suBteutaculftr  Ummum  of  the  retma :  Vnllerian  u 
fibres.^ — In  addition  to  the  elements  wliich  belong  gpticiallj  to  d 
alx)vc  described,  there  are  certain  other  atnietures  which  are  cm 
nearly  all  the  layers,  passing  throngh  the  thickness  of  theretmal 
inner  almost  to  the  outer  surface,  and,  if  not  actually  of  the  natun 
nective  tissue,  at  least  serving  the  same  kind  of  purpose,  namely,!© 
gcther  and  support  the  more  delicate  nervous  structures  of  iheBH 
These  susimtaadar  Jihres  or  Jibres  of  MiiUer  {^y^.  854),  oooimeQfl 
inner  emiace  of  tlie  retina  hj  a  broad  conical  hollow  base  or  foot, 
filled  by  granular  sultstance,  and  often  contains  a  nucleus^like  bii 
bases  of  a^ljoiuing  fibres  are  united  together  at  their  edgvi^i 
give,  in  vertical  sections  of  the  retina,  the  appearance  of  • 
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EKne  (fig.  846) ;  this  has  been  named  memhrana  Imtians  in- 
,  as  may  be  inferred  irom  the  above  description,  it  is  in  no  way 
oug  or  independent  membrane.  The  MtiUerian  fibres  pass 
the  nerve-  ana  ganglionic  layers,  either  with  a  smooth  contour, 
but  two  or  three  weU-marked  lateral  projections  from  which  fine 
■r  jnrocesses  extend  amongst  the  elements  of  these  layers  :  gradn- 
kmushing  in  size  they  then  traverse  the  inner  molecular  layer, 
W^  aooQiding  to  Schwalbe,  becoming  actually  connected  with  the 
Iwe  which  mainly  composes  it,  although  in  the  mammalian  retina 
btm  may  be  marked  by  slight  projections  in  passing  through  this 


SM. — A  riBui  or  xClur  vrox  ths  humah  rbtiha,         Fig.  854. 
I80LATU  (from  Henle).     ^ 

IM  cf  the  fibre  ;  n,  its  nadeiu  ;  m.e.lf  membrana  linii- 
BiKiia  ;  e.m.2,  eztenud  molecular  layer. 

In  the  inner  nuclear  layer  they  again  give 
dicate  flattened  processes  firom  their  sides, 
i  pass  round  the  inner  granules  and  serve 
pp^  them.  Moreover,  each  Miillerian  fibre 
re  characterised  by  the  presence  of  a  clear 
w  dliptical  nucleus  (aheaay  mentioned  in  the 
ntion  of  the  inner  nuclear  layer),  containing 
BKolns,  and  situated  at  one  side  of,  and  in 
adherence  to  the  fibre  to  which  it  belongs  (fig. 
t).  On  reaching  the  outer  nuclear  layer  (after 
m  through  the  outer  molecular)  the  fibres  of 
r  beak  up  into  fibrils  and  thin  lameUse,  and  <.m.z. 
ii  ibrm  they  pass  outwards  through  the  layer, 
m  the  outer  granules  and  the  rod  and  cone- 
^  more  or  less  enclosing  these  structures,  filling 
IB  intervals  between  the  granules  and  forming 
■1  sheaths  for  them.  At  the  level  of  the 
I  or  central  ends  of  the  cones  and  rods,  the 
srooB  ofbeta  terminate  along  a  definite  line 
b  marks  the  boundary  between  the  outer 
Bv  layer  and  the  layer  of  rods  and  cones,  and 
leen  termed  membrana  Umitaiis  externa.  This 
like  the  m.  /.  interna^  is  in  no  way  a  continuous 
fame,  nor  is  it  isolable  from  the  Miillerian 
i;  indeed,  numerous  fine  fibrillar  offsets  of 
)  pass  a  diort  distance  beyond  the  so-called 
img  membrane,  and  closely  invest  the  bases  of 
iiuier  s^ments  of  the  rods  and  cones.  Accord- 
to  some  accounts  a  delicate  membrane  prolonged 
I  the  limiteTiR  externa  completely  invests  each 
aadrod. 

!ie  Miillerian  fibres  exhibit  a  fine  striation. 
r  swell  up  and  become  indistinct  on  treatment 
acetic  acid  and  dilute  alkalies,  but  much  more 
J  than  connective  tissue  fibrils ;  moreover, 
ire  not  dissolved  by  boiling  in  water.  They  are  much  less  developed 
5  central  and  posterior  part  of  the  retina  than  in  the  peripheral  and 
iorpart ;  towards  the  ora  serrata  they  are  very  distinct  and  closely  set. 
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StTOCtnre  of  tlie  macula  lntea  and  fovea  centralis  (1^ 

The  peciilijirities  in  striictiire  which  these  present  have  beeafo( 
part  incidentally  noticed  in  the  preceding  descTiption  of  d 
layers.  In  tlie  fovea  no  rods  are  met  with,  and  the  cooai  i 
longer  and  narrower  than  elsewliere.  All  the  other  layerei 
thinned^  but  towards  the  inarp:in  of  the  fovea  tbej  rapidly  ii 
thickness,  and  m  the  rest  of  the  macula  lntea  most  of  them  « 
than  at  any  other  part  of  the  retina.  The  ganglionic  layer  (fi| 
IB  especially  thiekeoed,  the  celts  l>eing  from  six  to  eight  deej 
and  i>laced  rather  obliquely.  The  nerve-fibre  layer  (1)  gndn 
towards  the  edge  of  the  fovea  as  the  fibres  dip  in  to  join  tl 
ends  of  the  bipolar  gaDgliou-cells.     The   peripheral  procei 


Fig.  555. 


Fig.  S55. — Vkrticai.  skctioh  thhotjoh  thi  macula   lutba  asp  wotul 
DiA^aRAMVATia  (&fier  Max  Scbultz^), 

1,  nene-laycr  ;  2,  ganglionic  layer;    S,  inner  inolet-uliir  ;  4,  inner  Bocki 
outer  molt'CuJar  lajcra  ;  0,  outer  nuclear  Uycr,  the  inner  part  with  onljf  < 
isg  tlie  so-called  external  fibrous  layer ;  7,  cones  and  rocU. 


;  ooffli 


ganglion -cell  is  said  to  bifin-cate,  each  branch  becoming  i 
a  grannie  of  the  inner  nuclear  layer  (Merkelj.  Th^  inner  gw 
also  somewhat  obliquely  diBposed,  are  large,  and  near  the  bottoi 
fovea,  where  this  layer  and  that  of  the  jgp'e-cells  nin  together, 
hardly  be^  diflerentiated  (Hulke).  1m  outer  nuclear  layai 
oecupiod  in  the  greater  part  of  its  thickness  by  the  very  1 
obliqnely  disponed  coue-fibres  j  the  nuclei  arc  only  two  or  timi 
take  np  a  comparatively  smaD  portion  of  the  layer.  ^t 

The  yellow  tint  of  the  niacnla  is  deepest  towards  the  eeii|fl 
to  a  difiitse  colouring  matter  which  is  seated  in  tlie  interwH 
the  elements  of  the  four  or  five  inner  layers. 

Stmctiu^e  of  the  ora  serrata  and  para  ciliaria. — 1( 
serraia  the  nuiiicmiig  complex  layers  of  the  retina  for  the  B 
disapjic^ar,  and  in  front  of  the  ora  serrata,  the  retina  is  it| 
merely  by  a  single  stratum  of  elongated  columnar  cells  with 
mentary  hyvv  external  to  it  (pf/nf  eiliarts).  The  transition  ta^ 
somewhat  abrupt,  all  the  changes  being  met  within  a  aoneofl 


Bch  only  in  breadth.  The  layer  of  rods  and  cooes  (fig,  356,^)  first 
the  cones  continuing  ruther  further  fchaii  the  rods,  hut  ewn 
the  nerve-  and  gaogliynic  layers,  which  were  akeady  very  thiu 
amplete,  cease  altogetlier  at  theora,  the  inner  molecular  layer  (r), 
[  18  now  largely  occupied  hj  Jliillerian  fibres,  retains  its  thicknese 
p  certain  point,  and  then  abrnptlj  tenninates  (a'),  while  the  nuclear 
pouter  and  inner,  (/,  d),  here  l)ecome  merged  into  a  single  stratum, 
to  be  continnous  with  the  columnar  cells  of  the  pars 
beae  cells  (fig.  35G,  m)^  wMch  are  at  first  of  considerable 


. — Vkbttcal  8W?no» 

r^u  ruM  cao«oti»  Mxjy 

VKAs  ras  oia  mu- 

(K6Uiker).     00   dia- 


Hg.  356. 


^jKloid  membrane ;  h, 
hft  membi^iie  and  Dex^ 
^B«r  of  tiM  ivtioa;  c, 
^^Bb  ifld  iuMir  molecnkr 
^■iUl  eb»dy  i!«t  MiiUe- 
^^^Hna  ;  d^  inner  nuclear  ; 
pE^  nolecakr ;  /,  outer 
mtcr  Ujer;  g,  oolanmar 
Itih^  pigment ;  i,  t,  cho- 
I  If  put  ef  one  of  the 
Wf  ffiu— m  ;  m,  pftnicili- 
^tJMivlaiift..  (liereoeM 
m  At  o^  k  not  constant. ) 

gth,  become  gradnaDy  shorter  anteriorly  ;  they  are  finely  striated 
5^  857,  2),  and  each  cell  has  a  clear  oval  nucleus  at  the  outer  part  of 
i;  eell,  near  the  pigmentary  layer.    The  mner  end  may  be  rounded, 

S57.^A   SMALL   POlTICUr    0?    THl    CILIARY  Fig,  367. 

«IT  or  THB  MTIVA  {Kolliker).      350  dia- 

k^  liQiUAn  ;  B,  from  the  ox  ;  1,  pigmeQt^celk  ; 
i«lli  forming  the  pan  cHiaris. 

i&tedl,  SQnare^  or  even  branched  ;  the 

La  of  tne  cells,  too,  are  Bometlmes 

uevm. 

^Shem  cells  are  ccinsidered  by  Kolliker 

oorrespond  with  the  Miillerian  fibres 

the  retina^  but  according  to  Schwalbe 
«  Mullerian  fibres,  or  rather  their 
Mted  inner  ends,  are  represented  by 
delicate  membrane,  which  covers  the  inner  ends  of  the  oolnmnar  celk 
id  sends  fine  offsets  around  and  between  them, 

Twnip  of  tlM  Betma, — A  single  artei7  {arima  emtralis  retiniB) 
IIbb  ^letween  the  bundles  of  fibres  of  the  optic  nerve  to  the  Inner 
rftce  of  the  retina  at  the  middle  of  the  papilla  optici  (fig.  S45,  a).  It 
accompanied  by  the  corresponding  vein  and  soon  divides  into  branches 
l^  S44),  nsually  two,  one  above,  the  other  below,  each  of  these  again 
iding  into  two  branches  which  arch  out  towards  the  aides  ;  the  ouU^r 
»  aie  aomewhat  the  larger,  and  as  they  bend  round  the  macula  lutea 
J  wsdA  nomerouB  fine  branches  into  it  which  end  at  the  margin  of  the 


ujse^/f  aij  LiiUL    mu  uuu;i   leittiiu    itijcia    utc  culiacijt  ucsu 


The  Taseolar  ejstem  of  the  nethia  is  nowhere  m  direct  oommnnicvt 
choroidal  vessels.  Near  tJie  entrance  of  the  optic  ner^'e,  howerer,  il 
oommiinicntion  with  acme  offsets  from  the  sclerotic  coat,  and  the  chd 
alao  Bend  branches  to  join  the  long-meshed  network  in  the  optio  net 
hj  the  central  artery.  The  arteries  of  the  retina  hare  the  usual  Q 
veins  resemble  capillaries  in  stmcture,  their  walla  consisting  of  a  i| 
epithelial  cellB  withont  anj  muscnlar  tissue.  Outside  the  epltbelii 
spa-ze  (perivikBouIar  lymphatic,  Hii)  both  in  the  veins  and  capilli^ 
extemallj  by  a  second  epithelial  lajer  (forming  the  wall  of  the  lyxnpl 
aide  this  again  is  found,  in  the  case  of  the  veins,  a  layer  compoaed  i 
retifoi'm  tissue.  These  perivascular  Ijmphatica  are  in  conunnnicall 
lymphatics  of  the  optic  nerve,  and  may  be  filled  by  injecting  o^ 
under  the  sheath  which  that  nerve  derives  from  the  pia  mater*  C 
spaces  also  become  injected  by  the  same  process,  vix.t  the  intersHooB 
nerve-bundlea  which  radiate  from  the  papilla  optici.  the  capillaiy  m 
the  limitans  interna  and  the  hyaloid  membrane  of  the  vitreonB  I 
flnaUy  even  the  irregular  interstice  between  the  pigmentary  layer  i 
of  rods  and  cones  (Schwalbe). 


THJB    VlTREOirS    BOBT* 

The  vitreous  body  occtipiea  the  greater  portion  of  the  ej^ 
quite  |>ellacid  in  aspect^  and  of  a  soft  gelatinous  consiBti 
globular  in  form,  it  filts  about  four-fifths  of  the  ball,  and 
BUpporfc  for  the  delicate  retina,  but  it  may  be  readily  separalil 
latter,  except  behind,  at  the  entrance  of  the  optic  nerv^ 
connection  is  closer,  the  retinal  vessels  having  here  cnl 
foetal  life.  At  tlie  fore  part  it  is  hollowed  out  for  the  reoe| 
lens  and  its  capsule,  to  which  its  eubstancc  is  closely  adherenS 

The  surface  of  the  vitreous  humour  is  covered  everywheu 
front  by  a  thin  glassy  membrane,  named  hyaloid^  which  li 
it  and  the  retina.  No  vessels  enter  the  \'itreons  humour  i| 
and  its  nutrition  must,  therefore,  be  dependent  on  the  I 
vascular  gtroctures,  viz.,  the  retina  and  the  ciliaiy  ] 


Although  In  the  fresh  state  apparently  BtmctnreleasT  or  at  loai 
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I  of  meh  mcmbranotiB  partitions  has  not  been  oondosiyelj  demonstrated. 

r,  the  Yitreons  substanoe  does  in  some  way  consist  of  a  firmer 

•  or  not  in  the  shape  of  continuoos  membranes^enclosing  in 

I  the  more  fluid  portion,  is  shown  by  the  fact  that  if  either  the  whole  or 

I  tlie  yitewms  hmnonr  be  thrown  npon  a  filter,  a  small  proportion  always 

I  the  latter ;  although  by  far  the  larger  part  drains  away,  and  may 

rtid  as  a  clear  watery  fluid. 

Fig.  358. 
.^HomDoxTAL  sscnoH  or  tbm 

*»    XTS,    HARDIVBD    Uff    CHBOMIO 

iHer  Hannorer). 

Einoiis  liiimoar  appears  ooncen- 
•d  meridionaUy  strutted  through- 
kok  depth. 

dtttion  to  the  above-mentioned 
IJO  striation,  a  radial  marking 
I  been  obeenred  in  sections 
aoDS  hnmonr  made  trans- 
to  the  axis  oif  the  eyeball 
IX  but  whether  there  is  any 
hmt  ■tmctaze  to  aoooont  for 
Miaaoe  ia  not  known.  It  is 
due  that   these  appearances 

mflralj  prodnoed  by  the  manner  in  which  the  albnminous  substance  has 
BB  ooagiilatioii  by  the  reagent  employed. 

ever  this  may  be,  there  exists,  nearly  but  not  quite  in  the  axis  of 
f  a  definite  stmcture  in  the  shape  of  a  distinct  cana],  about  a  twelfth 
nch  in  diameter,  filled  with  fluid  and  extending  from  the  papilla 
o  the  back  of  the  lens-capsole,  where  it  apparently  terminates 
.  This  is  the  cunalis  hyalaideus  or  canal  of  Stilling.  It  is  best 
in  the  fresh  eye,  and  may  be  also  injected  by  forcing  a  coloured 
a  under  the  pia-matral  sheath  of  the  optic  nerve  (Schwalbe). 
mal  widens  somewhat  towards  its  posterior  part :  its  wall  is 
led  of  an  extremely  delicate  homogeneous  membrane.  It  repre- 
he  place  of  passage  of  an  offset  from  the  central  artery  of  the 
bo  the  capsule  of  the  lens  in  the  foetus. 


. — Teavstibsi  sscnoH  of  humah  bts,  habdenkd 
nouo  AdD,  SHownro  radial  strutioh  or  thk 
DOS  BODY  (after  Hannoyer}. 


Fig.  859. 


tered  about  throughout  the  substance  of 
bieous  humour  are  a  variable  number  of 
^les,  for  the  most  part  possessed  of  amoeboid 
lent.  Some  of  these  cells  are  remarkable  for 
nr  large  vacuoles  which  they  contain,  and 
ustend  the  body  of  the  corpuscle,  pushing 
deos  to  one  side  ;  the  cell-processes  are  often  peculiar  iu  possessing 
HIS  little  secondary  bud-like  swellings,  or  they  may  present  a 
e  aj^)earance,  like  strings  of  pearls. 

hjiiloid  membrane  invests,  as  before  mentioned,  the  whole  of 
TCOOS  humour,  except  in  front,  where  the  membrane  passes 
Is  to  the  anterior  part  of  the  margin  of  the  lens,  becoming  also 
in  consistence  ana  distinctly  fibrous  in  structure.  This  portion 
hyaloid  is  known  as  the  zonula  of  Zinn,  or  zonula  eiUaris.    It  is 
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also  known  as  the  suspemory  ligament  of  fhs  Imu  (fig:  diSi 
posterior  part,  or  hyaloid  proper,  is  exceedingly  thin  am  ddi 
readily  thrown  into  folds  wnen  detached.  Under  the  mi 
presents  no  appearance  of  structure :  but,  flattened  again 
surface  are  ^nerally  to  be  seen  a  number  of  grannk 
corpuscles,  which  eidiibit  amoeboid  movements :  Siej  ap 
migrated  white  blood  corpuscles.  The  ciliary  part  or  c 
zonula,  on  the  other  hand,  presents  radiating  mendional  fi] 
appearance  but  possessed  of  considerable  elasticity ;  thej  oomi 
opposite  the  ora  serrata,  and  strengthen  this  portion  d 
membrane.  From  the  ciliary  processes  the  zonula  is  ooo 
distinct  membrane  to  the  front  of  the  lens,  to  the  capsni 
it  is  anteriorly  firmly  attached.  But  in  addition  to  t] 
membranous  prolon^tion  of  the  hyaloid  membrane,  o( 
fibres,  more  scattered  in  their  disposition,  pass  aGron  to  tl 
of  the  lens,  some  being  attached  to  the  extreme  edge,  oU; 
into  continuity  with  the  posterior  capsule,  and  others  agaii 
intermediate  positions  (fig.  860,  P).  The  interstices  of  tnea 
fibres  of  the  lens  are  occupied  during  life  by  fluid,  or  peibaii 

Fig.  860. 


Fig.  360.-^EcnovAL   ynw  of  thi  cohnxctions  of  thi  ooini,  ■ 

CIUART  XU80LI,  CILURT  PB00X88SS,  HTALOXD  MXMB&Aini  AVD  LII8  (Alll 

The  Bpecimen  extends  from  the  middle  of  the  lens  to  the  mm  senrnta  m 
of  the  right  eye.  C,  cornea;  cs,  conjunctiva  ;  «,  epithelium  of  tbe  oi 
terior  elastic  layer ;  below  k,  ligamentum  pectinatum  iridis  ;  5,  sderotie ; 
chamber ;  ap,  the  recess  forming  the  posterior  division  of  the  aqveooi 
canal  of  Schlemm  ;  tV,  iris;  to,  divided  fibres  of  the  sphincter  nnude ; « 
or  uvea  ;  Zw,  centre  of  the  crystalline  lens  ;  Ic,  capsule  of  the  lens  ;  iet 
the  lens  ;  ctr,  radiating  ciliary  muscle  ;  cio,  divided  annular  fibres ;  eSp, 
Chj  choroid  ;  i?,  retina  ;  o,  ora  serrata ;  re,  the  ciliary  part  of  the  ni 
membrane  ;  Z,  zonule  of  Zinn  ;  P,  some  of  its  fibres  spreading  out  to  1 
to  the  capsnle  of  the  lens;  am,  anterior  margin  of  the  vitreous  hamov. 
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IS  htimour  ;  bnt  after  death  they  may  he  distended  with  air :  if 
le  after  removal  of  the  anterior  parts  which  siippfirt  and  enclose 
ds  of  the  6uspens«:»ry  ligament,  which  correspojid  with  the  emi- 
d  depressions  of  the  ciliary  prLX.'esses,  are  distendedj  and  the  ajj- 
of  a  sacculated  canal  {cami!  of  Petit),  encireling  the  lejis,  is 
as  in  fig.  36L 

ing  to  the  accouot  usually  given,  the  hyaloid  memhrane  divides 
nto  two  layers  ;  an  anterior*  continued  forwards  as  the  zc*nule 
and  a  posterior,  passing  behind  the  lens  ;  the  canal  of  Petit 
itained  between  them.  The  aboTe  description  is  based  upon  a 
original  invefitigation  into  the  relations  of  the  structures  which 
he  lens,  and  is  confirmatory  of  the  statements  of  Merkel,  Henle, 
nd  others,  and  opposed  to  those  of  Iwanoff. 


Tixw  f  ftox  airosx  or  thk  camal  or  Petit  utrLATKD 
(from  Sappey ). 

liorpftTla  of  tlie  aderatic,  elioroldl,  irut  and  cornea 
K  reokoired,    the  remaining  parU  are  viewed  froin 

the  canal  of  Fetit  has  b«eii  ioSat^il  with  air 
i  artificial  opening.  1,  front  of  tlio  hns ;  2, 
iy  ;  3,  oaier  border  of  the  canal  of  Fetit ;  4,   outer 

icmale  of  Ztim  ;  5,  appeaiaace  of  jsacculated 
of  tlie  canal  of  PetiL 

THIS    XiiSI^'S. 


Fig.  361, 


sua  (km  m^stalUna)  is  a  transparent  solid  body,  of  a  doubly 
ihape,  with  the  circmnference  rounded  off.  It  is  completely 
by  a  transparent  elastic  membrane  known  as  the  capmk  of 
The  anterior  surface  is  in  contact  with  the  iris  towards  the 
beding  from  it  slightly  at  the  circumference  ;  the  posterior  is 


-ThX    LEKS    YIIWBD    from  IT3  LAfBftAL 

AitFECT  (after  Arnold. )     \ 

lor;  p,  posterior  pole.      The  direction 
fibfes    is    inilic&ted    l^y    the 


Fig.  362. 


d  in  the  vitreous  humour. 
Uie  circumference  is  the  zonula. 
miitj  is  not  alike  on  the   two  a 

being  greater  behind  ;  more- 
I  curvature  is  less  at  the  centre 
iranls  the  mai^in.  When  in 
ral  position  it  measures  about 
in  inch  across,  and  Jth  from 
lackwards.  In  a  fresh  fen?, 
'of  its  capeulct  the  outer  portion 
pd  easily  detached  ;  the  Buccjeeding  layers  are  of  a  firmer 
ice ;  and  in  the  centre  the  substance  becomes  much  harder, 
Ing  the  acMmlled  "nucleus.**  On  the  anterior  and  posterior 
pre  feint  white  lines  directed  from  the  poles  towards  the  cir- 
Mse ;  these  in  the  adult  are  somewhat  variable  aod  numerous  on 
boc*  (fig,  3<j3),  bnt  in  the  foL'tal  lens  throughout,  and  towards 
te  of  the  lens  in  the  adult,  they  are  three  in  nimiber,  diverdng 
|^o(her  like  rays  at  equal  angles  of  120^  (fig,  S64),     The 
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lines  at  opposite  poles  have  an  alternating  position  (not  h 
one  another),  thus  of  those  seen  on  the  posterior  snr^  of 


Fig.  363. 


#. 


Fig.  S63. — 1,  FRulfT  VIKW  \    2,  HiKD  VIEW  OF  IffB   riBROUS   STEriTTlTBl  <M 
LKH8  (after  Aruold).     \ 

lenB,   one  is   directed  vertically  upwards,  and  the  other  1 
wards  and  to  either  side,  whereaa  those  on  the  anterior  6 

Fig.  B3i.  Fig'     3^4- — ^BlAaBJLM    to     ILLUifTRATl     THS    oov 

Fre&KS   IN   TH£    f  (ETAL   CKYSTALLlltK  UEXft  (AUci 

«,  anterior  ;  p,  posterior  pole. 

directed  one  directly  dovrnwarda  and 
two  upwards  and  to  the  sides.  These 
the  edges  of  planes  or  septa  within 
diverging  from  the  axis,  and  receiving 
of  the  lens-fibres,  which  here  abut  ^ 
another.  As  Tweedy  has  pointed  ont, 
be  seeUj  by  the  aid  of  the  ophthahnoa 
dtrring  life.  The  rays  seldom  meet  n 
but  usually  along  a  someivhat  irregoli 
area. 
Strmcture,— When  the  lens  has  been  hardened  and  th 
removiHl,  a  suoeession  of  concentric  laminse  may  be  detache 
like  the  coats  from  an  onion.  They  are  not  continnoTis,  bu 
into  parts  opposite  the  radiating  lines  above  dcscriljed  {^^  ^ 
laminae  are  composed  of  long,  riband-shaped,  microscopic  fil 
incb  broad,  which  adhere  together  by  their  edges,  the  latter  h 
linely  serrated  (fig.  3013,  A),  and  i>ass  in  a  curved  direction 
intersecting  planes  of  the  anterior  half  of  the  lens  to  thi 
pisterior  half,  or  vice  verm :  in  tliis  course  no  fibre  passes 
I)ole  U>  the  other,  but  those  fibres  which  begin  near  the  pok 
of  one  surface,  terminate  near  the  marginal  part  of  a  pla 
opposite  surface,  and  conversely  :  the  intervening  fibres  paffiii 
con*espoDding  places  between.  The  amingement  \dll  be  bet 
stood  by  a  reference  to  fig.  3(14,  where  the  course  of  the  fib 
fcetal  lens  is  diagrammaticaliy  indicated.  ^ 
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lens-fibres,  as  the  history  of  their  development  shows,  are  to  be 
npon  as  mnch  elongated  cells.  In  the  young  state  each  has 
oval  nndensy  but  in  the  fiilly-fonned  lens  the  nuclei  have  dis- 


Fig.865. 


Fig.  366. 


S5. — LAHnrATBD  btbuctuiw  of  the 
lALUwm  LSirs,  raowv  aftsr  habokhiko 
ux>HOL  (Arnold),     f 

ideoa;  2,  2,  lameUje. 


66u — FiBBBS   OF    THB   CBTSTALLIirB    LBKS. 
850  DlAMBTBBS. 

loBghndinal  Tiew  of  the  fibres  of  the  lens 
te  ox,  showing  the  serrated  edges.  B, 
mm  section  of  the  fibres  of  the  lens  from 
nun  eje  (from  Eolliker).  C,  longitudinal 
tf  a  few  of  the  fibres  from  the  equatorial 
i  of  the  human  lens  (from  Henle).  Most 
I  ibies  in  C  are  seen  edgeways,  and,  towards 
nt  the  swellings  and  nuclei  of  the 
one :  '*  at  2,  the  flattened  sides  of 


Mied  from  the  fibres  which  form 
nore  internal  parts  of  the  lens,  and 
f  remain  in  the  most  superficial 
».  Here  they  are  found,  not  quite 
ik  middle  of  each  fibre,  but  slightly 
Rr  the  anterior  end,  their  situation 
rir  corresponding  in  adjacent  fibres, 
Lweyformby  their  juxtaposition  the  so-called  "nuclear  zone"  around 
lens.  The  superficial  fibres  further  differ  from  tlie  more  det'ply  seated 
■  in  being  softer,  and  in  possessing  a  plain,  unserrated  margin. 
5  eitremities  of  all  the  fibres  are  softer  and  more  readily  acted  on  by 
^ts  than  the  middle  parts,  and  the  axial  or  more  internal  part  of  a 
e  more  so  than  the  external,  but  tlie  transition  is  gradual  from  one  to 
other,  and  there  is  no  definite  membrane  enclosing  each  fibre.  The 
-fibres  when  cut  across  are  seen  to  be  six-sided  prisms  (fig.  300  b). 
reason  of  this  shape,  and  the  serrations  of  their  eilgcs,  tliey  fit  very 
ily  the  one  to  the  other  with  but  little  interfibrillar  cementing 
tance  between.  This  is  met  with  in  rather  larger  quantity  in  the 
isecting  planes  between  the  ends  of  the  fibres. 

m  and  Bwart  have  shown  that  with  certain  methods  of  treatment  the 
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snperfioial  lens-fibreB  ahow  indications  of  being  oomposed  of  a 
segments  separated  by  sharply  marked  lines  of  inter-segnienfeal 

Epitheliiim  of  the  capsule. — ^At  the  back  of  the  lens  the! 

directly  in  contact  with  the  inner  surface  of  the  capeiiley  but  in  ft 
are  separated  from  the  latter  by  a  single  layer  of  flattened,  pb 
nucleated  cells,  wliich  covers  the  whole  anterior  sorfiK^  nndeai 
ca^ule.  Towards  the  ed^e  or  equator  of  the  lens  the  appom 
character  of  these  cells  undergo  a  change  :  they  first  gnidiunyli 
columnar  form,  and  then,  bea)niing  more  and  more  elongated, 
every  transition  to  the  nucleated  lens-fibres  of  the  superficial  in 
which  they  are  directly  continuous.  This  transition  is  more  ei^ 
in  the  lens  of  some  animals  than  in  man  (see  fig.  367). 

Fig.  867. 


Fig.  867. — Sionoir  throuoh  tbm  XAaanr  o?  thi  rabbit's 

TBAVSITIOH  OF  THE  BPITHILnTK  IVTO  THB  LBHS-FIBBBi  (BBbBAiB)i 


The  capsule  of  the  lens  is  a  transparent,  stmctnreleBB 
brittle  and  elastle  in  character,  and  when  mptored  the  edges  roll  < 
part  of  the  capsole,  from  about  ^  inch  from  the  ciroomfeienoe,  wImbiIIm 
part  of  the  snspensory  ligament  joins  it,  is  much  thicker  than  the  iMflk: 
posterior  pole  of  the  lens  the  capsole  is  veiy  thin  indeed.  In  the  tUk 
the  lens  itself,  is  entirely  non-vascnlar,  bnt  in  the  foetos  there  ii  a  MM 
Tessels  in  the  capsole,  sopplied  by  the  terminal  branch  of  the  eeelHl 
of  the  retina,  which  passes  ^m  the  optic  papilla  throogh  the  eaailif  f 
in  the  vitreoos  homoor  to  reach  the  back  of  the  capsole,  what  ft  < 
into  radiating  branches.  After  forming  a  fine  network,  these  taa  M 
margin  of  the  lens  and  extend  forwards  to  become  continooos  with  tht  is 
the  pupillary  membrane  and  iris. 

After  death  a  small  qoantity  of  floid  (liqoor  Morgagni)  fieqif^f  < 
between  the  back  of  the  lens  and  the  capsole  :  it  appears  to  be  dMhtifti 
lens-fibres.    There  is  no  epitheliom  in  this  sitoation  as  in  franl 

Ohanffes  in  the  lens  with  a^e. — In  the  fcetun,  the  lens  is  maaij  ^ 
(fig.  368,  a)  :  it  has  a  slightly  reddish  colour,  is  not  perfectly  1 
softer,  and  more  readily  broken  down  than  at  a  more  advanced  age. 

Fig.  368. 
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Fig.  368.— Side  view  of  the  lees  at 

a,  at  birth  with  tho  deepest  oonTexitj ;  K  ■' 
with  mediom  convexity  ;  r,  in  old  age  wA  €0 
flattening  of  the  curratares. 


In  the  adultf  the  anterior  surface  of  the  lens  is  distinctly  less  etw 
the  posterior  (fig.  308,  h) ;  and  the  substance  of  the  lens  is  finno;  ei 
and  transparent. 

In  old  agv,  it  is  more  flattened  on  both  surfaces  (r)  ;  it  assames  aydl 
amber  tinge,  and  is  apt  to  lose  its  transparency  as  it  gradnAUy  fMi 
toughness  and  specific  gravity. 
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AQXTSOUS    HIJMOUB   ANB    ITS  CHAMBEB. 

I  aqneonB  hamonr  fills  the  spjace  in  the  fore  part  of  the  ejebally 

the  capsule  of  the  lens  with  its  suspensory  ligament  and  the 

The  irisy  resting  in  part  upon  the  lens,  divides  the  aqueous 

'  parti^j  into  two,  named  respectively  the  anterior  and  posterior 

8.    This  subdivision  is  incomplete  in  the  adult,  but  in  tne  foetus 

f  the  seventh  month  it  is  completed  by  the  membrana  pupUlafis, 

,  b^  its  union  with  the  margin  of  the  pupil,  closes  the  aperture  of 

nucation  between  the  two  chambers. 

I  anterior  chamber  is  limited  in  front  by  the  cornea  and  behind  by 
,  while  opposite  the  pupil  it  is  bounaed  by  the  front  of  the  lens 
'ito  capsule. 

%e  posterior  chamber  was  originallv  so  named  in  the  belief  that  a 
iiict  free  space  intervened  between  the  iris  and  the  capsule  of  the  lens. 
■  now,  however,  well  ascertained  by  observations  on  the  living  eye, 
by  sections  made  in  the  frozen  state,  that  the  iris  comes  into  contact 
ll  the  capsule  of  the  lens,  both  at  the  pupillary  margin  and  at  the 
rihung  part  of  the  posterior  sur&ce  ;  and  the  term  posterior  chamber 
ptteiefore  only  be  applied  to  the  angular  interval  existing  at  the  cir- 
■lerenoe  between  the  ciliaiy  processes,  the  iris,  and  the  zonula  (fig. 


at  Idtaratnre  of  the  B7e.~0n  the  macroscopic  anatomy  of  the  eye  :—F. 
ffirf.  Article  in  Qiaefe  &  Saemiach'  Handbach  d.  gesammt  Angei^eilknnde,  I.  Bd., 
k»  1874  ;  HeuUem,  in  Arch,  t  Ophthahn.,  XXL,  1875  (lachrymal  canals) ;  Hhoe,  in 
m,  t  mikr.  Anat.,  XY.,  1878  ;  /.  GerkuJi,  Beitr&go,  &c,  Leipzig,  1880  ;  Angdacci, 
■Hk  t  mikr.  Anat.,  XIX.,  1880  (stmctore  and  devel.  of  anterior  part  of  bulb). 
Bite  ejdid  and  conjnnctiTa :—  WaJdeyer,  in  Graefe  &  Saemisch'  Huidb. ,  1874 ;  Long' 

B,  in  Arch.  1  mikr.  Anat.,  XI.  (nerres) ;  Ciaceio,  in  Mem.  d.  accad.  di  Bologna,  IV., 
Sid  in  KolflMhott's  Unters.,  XL,  1 874 ;  Reich,  in  Arch.  f.  Ophthalm.,  XXIL,  1876 ; 
«  Cadiat,  in  J.  d.  Fanat,  1875  (kchrymal  ducts) ;  Waltzbirg,  *'  Ban  der  Thranen- 
ekc,  Boatock,  1876  ;  SaUler,  in  Arch.  f.  mikr.  Anat,  1877  ;  Tartuferi,  in  Giom. 
L  d.  acL  med.,  1879  (epithelium  of  eyelid),  and  in  ArchJY.  d.  sci.  med.,  IV.,  1879 
Mb  d eyelid);  Baumgarten,  in  Arch.  f.  Ophth.,  XXYI.,  1880. 
M  fte  coraea  and  sclerotic : — Waldeyer,  in  Graefe  &  Saemiach*  Handboch,  1874  ; 
mtik^ir,  in  Virchow's  Arch.,  LXIIL,  1875;  Oitucio,  in  Mem.  d.  accad.  di  Bologna, 
»  1875 ;  MeytrowUz,  '*Mikr.  Untersnch.*'  &c.,  Leipzig,  1875  ;  Eberih,  in  ZOrich  Unter- 
1^1;  1875  ;  Swaen^  in  BoU.  de  Facad.  de  Belgique,  1876  ;  Radmann,  in  Arch.  f. 
Ml,  XXIIL,  1877  ;  Lthcr^  in  Arch.  f.  Ophth.,  1878  (intercellular  spaces  in  epith.) ; 
b%  mud  Satvmtr,  in  the  J.  of  PhysioL,  L,  1878 ;  ffeUrath,  in  Arch.  f.  Ophth.,  XXYI. 
■■■Knieation  of  anterior  chamber  with  canal  of  Schlemm). 

^  the  choroid  coat  and  iris  : — Ivfanoff,  in  Graefe  and  Saemisch'  Handb.,  1874  ; 
C^  Stractnr  d.  Iris-stroma,  Erlangen,  1875 ;  Faber,  Baa  d.  Iris,  Leipzig,  1876 ; 
■Vb,  in  Arch.  1  (^hthalm.,  XXII.,  1876  ;  /.  Gerlach,  in  Erlangen  Sitznngsb.,  1879 ; 
^pr,  in  Arch.  f.  mikr.  Anat,  XXIL,  1879  (nerves  of  iris). 

tkthe  retina  :~if.  SchuUze,  Article  in  Strieker's  Handbook,  1871  ;  Schvxdbe,  in 
gMfetad  Saemisch'  Handb.,  1874 ;  Miehdy  in  Beitrage,  &c.,  als  Festgabe  an  0.  Ludwig, 
■7l(ainngement  of  fibres  in  nerve-fibre  layer) ;  W.  MiilUr,  in  the  same  work  (morpho- 
^) ;  Merkdf  in  Arch.  f.  Ophthalm.,  XXIL,  1876  ;  W.  Kraute,  Die  Nervenendigung 
>  der  Betina,  in  Arch.  f.  mikr.  Anat,  XIL,  1876  ;  RoUy  in  Monatsbericht  d. 
Iriiii  Akad.,  1876,  1877  ;  and  in  Arch.  f.  (Anat  n.)  Fhys.,  1877  ;  Kiihnej  in  Ked. 
■tialhL,  1877  &  1878 ;  and  in  Heidelb.  Unters.,  L,  1877,  and  IL,  1878 ;  and  with 
mUd  in  the  nme  ;  KuhiU,  in  Monatsbl.  f.  Augenheilk.,  1877,  and  in  Med.  Oentralb., 
77 (pigment  epithelium) ;  Ounn,  in  J.  of  Anat  and  Fhys.,  1877  ;  Angelucci,  in  Arch. 
'AaaL  a.)  Fhys.,  1878  (retinal  pigment) ;  DenniaenkOf  in  Arch.  f.  mikr.  Anat,  1880  ; 
iMtf^  BioL  Unters.,  Stockholm,  1881. 

Tm  tke  lent  and  vitreous  humour :  —Arnold^  in  Graefe  and  Saemisch'  Handb.  ; 
!  Sekwalbe  (ritieons)  in  the  same,  1874 ;  ffosch,  in  Arch.  1  Ophthalm.,  XX.,  1874; 
b  mmI  Swirl,  in  the  Jooin.  of  Anat ,  1876 ;  iZitter,  in  Arch.  f.  Ophth.,  XXm.,  1877 ; 
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Rente,  Qottinger  Abhandl.,  XXUI.,  1879  ;  BraHey,  in  Qtxkfm  Hoi^  Bepoiii,XXI 
(suspensoiy  apparatus  of  lens)  ;  Ulrich  (canal  of  Petit),  in  Arch.  £  Opbtkk,) 
(hh  the  blood-vessels  and  lymphatics  of  the  eye, — Leber,  in  6fMii  I 
misch'  Handb.,  1874.  Of  the  eyelids :  Fucks,  in  Arch.  £.  Ophth.,  1878^  d 
Centralbl.,  1878  ;  and  Langer,  in  Med.  Jahrb.,  1878.  Of  the  retim:  M 
Ophth.  Hosp.  Reports,  1875  ;  Hesse  ;  Bis,  in  Arch,  t  Anat.  (n.  FbjM.\  UM;I 
in  Arch.  f.  Ophth.,  1881.  • 

THE    EAR.  I 

The  organ  of  hearing  is  divisible  into  three  parts :  the  esdd 
(fig.  369,  1,  2),  the  tympannm  or  middle  ear  (3),  and  thB  UM 
internal  ear  (6).  The  first  two  of  these  are  to  be  caA 
accessories  to  the  third,  which  is  the  sentient  portion  of  the  oigm 

Fig.  869. 


Fig.  869. — DiAGBAMMATIC  YIBW   VROX    BEFOBE    OF    THB    PABTS  OOXPOmV  fB 
OF   HEABUfQ  OF  THE   LEFT   SIDE   (after  Amold). 

The  temporal  bone  of  the  left  side,  with  the  accompanying  soft  partly  hat  litai< 
from  the  head,  and  a  section  has  been  carried  obliquely  through  it  so  «  to 
the  front  of  the  meatus  externus,  half  the  tympanic  membrane,  and  the  upper  ari 
wall  of  the  tympanum  and  Eustachian  tube.  The  meatus  intemus  has  also  bMi 
and  the  bony  labyrinth  exposed  by  the  removal  of  the  surrounding  parti  ti  Ik 
bone.  1,  the  pinna  and  lobe ;  2  to  2',  meatus  externus  ;  2',  membniia  tpii 
cavity  of  the  tympanum  ;  above  3,  the  chain  of  small  bones  ;  3',  opening  into  th 
cells ;  4,  Eustachian  tube  ;  5,  meatus  intemus,  containing  the  facial  (nppcn 
auditory  nerves ;  6,  placed  on  the  vestibule  of  the  labyrinth  above  the  feMSta« 
apex  of  the  petrous  bone  ;  6,  internal  carotid  artery  ;  c,  styloid  prooeai  i  ^^ 
issuing  from  the  stylo-mastoid  foramen  ;  e,  mastoid  process  ;/,  squamous  ptrtil 

THE    EXTERN-AI.    EAB. 

In  the  external  car  are  included  the  pinna — the  part  of  theoi 
which  projects  from  the  side  of  the  head — and  themeatus  or  paflHt| 
leads  thence  to  the  tympanum,  and  which  is  closed  at  its  inner  a 
by  a  membrane  intoqiosed  between  it  and  the  middle  ear. 

*  The  elder  literature  of  the  eye  will  be  found  in  the  several  artidea 
Handbuch  der  gesammten  Augenhcilkunde,  1874. 
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THU    FIHNA. 

general  form  of  the  pinna  or  auricle,  as  seen  &om  the  outside,  is 
1^  to  fit  it  for  collecting  and  concentrating  the  undulations  of 
but  it  is  thrown  into  various  elevations  and  hollows,  to  which 
I  names  have  been  given.  The  largest  and  deepest  concavity  is 
ihe  coticha  (fig.  370,  7) ;  it  surrounds  the  entrance  to  the  meatus, 
interrupted  at  its  upper  and  anterior  part  by  a  ridge,  which  is  the 
\n%  of  the  helix.  In  front  of  the  concha,  and  projecting  back- 
onrer  the  meatus,  is  a  conical  prominence,  the  trag'm  (fig.  370,  6), 
1  nsoally  with  hairs.    Behind  this,  and  separated  from  it  by  a 

L OVTKR  SITBrAOl  OV  TBI  PIHITA  OF  THK  RIOHT  Fig.  870. 

AUIUCLE.      i 

ix  ;   2,  foesa  of  the  helix  ;  3,  antiheliz  ;  4,  fossa 
latUielix  ;  5,  antitiagas ;  6,  tragus  ;  7,  concha  ; 

lotch,  is  another  smaller  elevation,  the 
\gus  (5).  Beneath  the  antitragus,  and 
ig  the  lower  end  of  the  auricle,  is  the 
(8),  which  is  devoid  of  the  firmness 
laisticity  that  characterise  the  rest  of  the 
.  The  thinner  and  larger  portion  of  the 
is  bounded  by  a  prominent  and  incurved 
in,  the  helix  (1),  which,  springing  above 
fttiier  within  the  tragus,  from  the  hollow 
le  concha,  surrounds  the  upper  and 
rior  margin  of  the  auricle,  and  gradually 
itself  in  the  back  part  of  the  lobule. 

tn  the  helix  is  another  curved  ridge,  the  antiMix  (3),  which, 
ning  below  at  the  antitragus,  sweeps  round  the  hollow  of  the 
la,  forming  the  posterior  toundary  of  that  concavity,  diverging 
i  it  into  two  ridges.  Between  the  helix  and  the  antihelix  is  a  narrow 
d  groove,  the  fossa  of  the  helix  (fossa  scaphoidea)  (2) ;  and  in  the 
}f  the  antihelix  is  a  somewhat  triangular  depression,  the  fossa  of  the 
eHx  (fossa  triangularis)  (4). 

dight  pointed  projection  which  is  occasionally  observed  in  the  hnman 
Bt  at  the  margin  of  the  helix  (at  a  place  indicated  by  the  asterisk  in  fig. 
■  of  interest  as  representing  the  much  more  distinct  pointed  extremity  met 
ia  the  expanded  ears  of  quadrupeds  (Darwin,  "  The  Descent  of  Man/'  2nd 
«,  p.  15).  The  point  in  question  is  distinctly  seen  in  the  cartilage  repre- 
i  in  fig.  371. 

raetnxe. — The  pinna  consists  mainly  of  yellow  fibro-cartilage  and 

timent,  with  a  certain  amount  of  adipose  tissue.     It  has  several 

lents  and  small  muscles  of  minor  importance. 

c  skin  covering  it  is  thin,  closely  adherent  to  the  cartilage,  and 

ins  sebaceous  follicles,  which  are  most  abundant  in  the  hollows  of 

>ncha  and  scaphoid  fossa. 

e  cartilage  (fig.  371,  a,  b)  forms  a  thin  plate,  presenting  all  the 

alities  already  described  as  apparent  on  the  outer  surface  of  the 

,  and  on  its  cranial  surface  ha\ing  prominences  the  reverse  of  the 

a  and  the  fossa  of  the  helix,  while  between  these  is  a  depression  in 
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the  sitnation  of  the  antihelix.    The  cartila^  is  not  ocx 
pinna,  bat  enters  likewise  into  the  construction  of  the  outer  iMl| 
external  auditory  canal.    When  dissected  from  other  strocta^ 
seen  to  be  attached  by  fibrous  tissue  to  the  rough  and  promineBti 
of  the  external  auditory  meatus  of  the  temporal  bone.     The  1  '  ' 
is  cleft  in  front  between  the  trap^us  and  fore  part  of  the  helix  i 
the  bone,  the  deficiency  being  filled  with  fibrous  mcmbnoie ;  \ 
cartilage  may  be  looked  upon  as  an  elongated  plate,  the  loweri 
which  is  folded  round  in  front  so  as  to  bring  it  nearly  into  oonm 
the  upper  part.    There  is  no  cartilage  in  the  lobule  :  it  contaiuf 
and  tough  connective  tissue. 

Behind  the  prominence  of  cartilage  which  forms  the  antitragn  ■  il 
notch,  separating  it  from  the  cartilage  of  the  helix,  which  here  fomitfe 
process  descending  towards  the  lobule.    At  the  fore  part  of  the  pmnaii 
the  first  bend  of  the  helix,  is  a  small  conical  projection  of  the  oartfligt^ 
the  procesMofthc  helix,  to  which  the  anterior  ligament  is  attached, 
process  is  a  short  vertical  slit  in  the  helix  ;  and  on  the  snzf  ace  of  the  t 
a  similar  but  somewhat  longer  fissure.    A  deep  fissure  passes  back  1 
commencement  of  the  helix  and  the  tube  of  the  ear,  and  another  | 
wards  and  backwards  from  the  deep  end  of  the  longitudinal  cleft  i 
part  forming  the  tragus  from  the  rest  of  the  tube,  so  that  the  tabe  is  e 
with  the  pinna  only  by  means  of  a  narrow  isthmus.    One  or  two  oUmtI 
gaps  or  fissures  partially  divide  the  cartilaginous  tube  transyersely,  and  thd 
of  these  deficiencies  are  termed  Ji^sures  of  Santorini.    The  substance  of  thid 
lage  is  very  pliable,  and  is  covered  by  a  firm  fibrous  perichondrinm. 

Of  the  ligaments  of  the  pinna,  the  most  important  are  two,  whiek  i 
attaching  it  to  the  side  of  the  head.    The  anterior  ligament,  broad  nill 
extends  from  the  process  of  the  helix  to  the  root  of  the  zygoma.    The/ 
ligament  fixes  the  back  of  the  auricle  (opposite  the  concha)  to  the  < 
of  the  mastoid  process  of  the  temporal  bone.    A  few  fibres  attach  the  taia^ 
to  the  root  of  the  zygoma.    Ligamentous  fibres  are  likewise  placed  i 
fissures  and  intervals  left  in  the  cartilage. 

Of  the  muitcl€$  of  the  pinna,  those  which  are  attached  by  one  end  to  the i 
the  head,  and  move  the  pinna  as  a  whole,  have  been  already  described  (ntV 
there  remain  to  be  examined  several  smaller  muscles,  composed  of  thin  h|04 
pale-looking  fibres,  which  extend  from  one  part  of  the  pinna  to  si 
may  be  named  the  special  muscles  of  the  oi^n.    Six  such  small ) 
distinguished ;  four  being  placed  on  the  outer  and  two  on  the  inner  «r  i 
surface  of  the  pinna. 

The  smaller  muscle  of  the  helix  (fig.  371,  1)  is  a  small  bundle  of  oUkiMi 
lying  over,  and  firmly  attached  to,  that  portion  of  the  helix  which  ^n 
the  bottom  of  the  concha. 

The  greater  muscle  of  the  helix  (2)  lies  vertically  along  the  anterior  i 
the  pinna.    By  its  lower  end  it  is  attached  to  the  process  of  the  belii;^ 
above,  its  fibres  terminate  opposite  the  point  at  which  the  ridge  ol  the  M 
turns  backwards. 

The  muscle  of  the  tragus  (8)  is  a  flat  bundle  of  short  fibres  ooreringthiM  ^ 
surface  of  the  tragus  :  its  direction  is  nearly  vertical.  Occasionally  a  da'' 
bundle  of  muscular  fibres  is  seen  prolonging  this  muscle  across  the  okft  it  ^ 
cartilage  between  the  tragus  and  fore  part  of  the  helix. 

The  muscle  of  the  antltragus  (4)  is  placed  obliquely  over  the  antitii|M^ 
behind  the  lower  part  of  the  antihelix.  It  is  fixed  at  one  end  to  the  mtitdfl^ 
from  which  point  its  fibres  ascend  to  be  inserted  into  the  tail-like  eiUfiy^ 
the  helix,  above  and  l)ohinil  the  lobule. 

The  transcrrxc  mvacle  ("))  lies  on  the  inner  or  cranial  surface  of  the  pliiBi.** 
consists  of  radiating  fibres  which  extend  from  the  back  of  the  concha  to  1t> 
jirominence  which  corrcsjwnds  with  the  groove  of  the  helix. 

The  oblique  muscle  (Tod)  (6)  consists  of  a  few  fibres  stretchiiig  ftam.  fhi  ^ 
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to  the  oonvezity  directly  above  it,  across  the  back  of  the  inferior 
iKwinhAiiY,  and  near  the  fibres  of  the  transverse  muscle, 
i  nerves  of  the  pinna. — The  auricular  branch  of  the  posterior 
ry^  a  branch  from  the  external  carotid,  is  distributed  chiefly  on  the 
tmt  sends  small  branches  round  and  through  the  cartilage  to  ramify 
urface  of  the  pinna.  Besides  this  artery,  the  auricle  receives  the 
uiur  from  the  superficial  temporal. 


Fig.  871. 


id   B. — Outer 

StTRFACES     OF 
nr^lA,  EXPOSED 

e  small  mus- 
Lbsiolo). 

helicis  minor ; 
lajor  ;  3,  tra- 
tgicus;  5,  mus- 
(OS  aoxicake  ; 
iqiiiu  auricola;. 


br  the  most 
lythe  arteries. 
Msteriorauri- 
mporal  veins. 
J  auricular 
the  cervical 
es  the  greater 

nner  surface  of  the  auiicle,  and  sends  small  filaments  with  the 
salar  artery  to  the  outer  surface  of  the  lobule  and  the  part  of  the 
The  auricular  branch  of  the  posterior  aurieular  nerve j  derived  from 
ter  communicating  with  the  avrlevlar  branch  of  the  pneumogastric, 
le  back  of  the  ear  and  supplies  the  retrahent  muscle.  The  anterior 
iscles  of  the  auricle  receive  their  supply  from  the  temporal  branches 
nerve.  The  auriculo-temporal  branch  of  the  third  division  of  the 
ves  filaments  chiefly  to  the  outer  surface  of  the  pinna.  A  branch 
Kcipital  supplies  the  upper  part  of  the  inner  surface. 
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nal  auditory  canal,  meatus  audUorius  externus  (369,  2,  2), 
m  the  bottom  of  the  concha  to  the  membrane  of  the 
and  serves  to  convey  the  \ibratioiis  of  sound  to  the  middle 
the  ear.  The  canal  is  about  \\  inches  long.  In  its  inward 
inclined  somewhat  forwards  (fig.  872) ;  and  it  has  likewise  a 
acal  curve  (fig.  869),  being  at  first  directed  somewhat  up- 
afterwards  turning  over  a  convexity  in  the  floor  of  the 
.  to  dip  downwards  t'»  its  termination.  The  calibre  of  the 
mallest  about  the  middle.  The  outer  opening  is  largest  from 
wards,  but  the  inner  end  of  the  tube  is  slightly  wider  in  the 
lirection.  At  the  inner  extremity  the  tube  is  terminated  by 
ua  tympani,  which  is  placed  obliquely,  being  inclined  down- 
ards,  and  towards  the  mesial  plane  ;  and  thus,  as  shown  in 
J  floor  of  the  meatus  is  longer  thau  its  roof. 
TOR  is  composed  partly  of  cartilage,  and  partly  of  bone,  and  is 
nrolongation  of  the  skin. 

laginous  part  (x^cupies  somewhat  less  than  half  the  length  of 
.  It  is  formed,  as  already  mentioned,  by  an  inflection  of  the 
f  the  cartilage  of  the  pinna. 

ma  portion  is  a  little  longer  and  rather  narrower  than  the  car- 
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tilaginous  part.     At  its  inner  end  is  a  narrow  grooTe,  wfcH 
rontid  the  sides  and  floor  of  tlie  meatns,  Imt  is  deficient  above;  i 
the  martriE  of  the  membraua  tympam  is  inserted. 

The  akin  of  the  meatus  is  continiious  with  that  ooYieiiflg  i 
but  is  veiy  thin,  especially  in  the  osseoua  part,  and  bcoomeif 
thinner  towards  tlie  bottom  of  the  passage*     In  the 

Fig.  372. 


t5>'*< 


.y , 


m% 


.*■•» 


pjf. 


M 


i 


Fig.  372.— YiBw  or  the  lower  half  or  tiib  ixraicrLS  akd  mArtrs  nr  tot 
DiviitBn  BY  A  KRABLT  HORiEOiTTAL  SECTION  (after  Rttdloger)L 

1.  Posterior  wall ;  2,  anterior  waU  of  the  cartiliigiiiooB  meatoB  ;  3,  posloi 
the  bony  metitiifl  ;  4  to  By  memhmne  of  the  trnptmunii  with  Ihe  hmidle  of  il 
cut ;  6,  stapes^  ta  the  right  of  6^  section  of  the  cochlea ;  7,  stapedim  al 
BectioQ  of  facial  nerre ;  10,  hnuiches  of  the  miditory  Dezra  to  the  Qoeltlei»  mA 
utricle,  11, 

a^lhcres  very  closely  to  the  periostenm,  and  at  the  bottom  of  the 
stretched  over  the  sm^faee  of  the  membraua  tjmpani,  forming  tk 
layer  of  tliat  structure.  Towards  the  outer  part  the  skin  pOMBi 
hairs  and  sebaceous  glands  ;  and  in  the  thick  subdermic  tiflsoefii 
cartilage  are  many  small  otrI  glanda  of  a  brown i sit  yellow  colour, «( 
io  form  and  structure  with  the  sweat  inlands,  but  lanrer  (fig.  1 
p.  254).  The  c^nnnen  or  ear-wax  is  secreted  bj  these  glaudH  (fk 
cet'umrmm),  and  their  numerous  openings  may  be  seen  to  perfoB 
skin  of  the  meatus.  Hairs  and  glands  are  absent  from  the  Donif  j 
the  tube. 

VeMels  and  nerves.— The  external  auditory  meatns  is  supplied  wHli  i 
from  the  poster inr  aurienlai\  itifrrnal  ifiaxillary,  and  tcmjuiraf  tLrteriaf,  H 
nen'Cti  cbk-fiy  from  the  an riculo- temporal  branch  of  the  fifth  nerve;  IS 
cjpal  branches  of  the  arteries*  course  along"  the  npper  and  back  wall  of  ^ 

State  In  the  infant.— The  auditory  passogo  is  very  short  and  ndd 
in  the  infant,  for  the  osseous  part  begins  to  grow  out  of  the  tempcml  bd 
after  biith,  and  thus  the  internal  and  middle  parts  of  the  ear  are  laad^i 
the  Burfaco  than  in  the  adult  (voL  i,  p.  71), 


THE    MIDDIiE    EAR    OB   TYMPAJPTDTIL 

The  tympanum  or  driun,  the  middle  chamber  of  the  ear,  is  ft 
irregular  cavity  in  the  substnnce  of  the  temporal  hone,  placed  I 
the  membrane  occhidiug  the  inner  end  of  the  external  andilUit 
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outer  bony  wall  of  the  labyrinth.  Its  width  between  these 
m  varies  from  abont  i^th  to  ^th  of  an  inch.  It  contains  a  chain 
bones,  by  means  of  which  the  vibrations  communicated  from 

0  the  membrana  tympani  are  conveyed  across  the  cavity  to  the 
ear,  and  also  certain  minute  muscles  and  ligaments,  which 
>  the  bones  referred  to,  as  well  as  nerves,  some  of  which  end 
e  cavity,  whilst  others  merely  pass  through  it  to  other  parts. 
*j  is  otherwise  filled  with  air,  for  it  communicates  with  the  at- 
» through  the  Eustachian  tube,  which  leads  into  the  pharynx. 
id  floor,  an  outer  and  inner  wall,  and  an  anterior  and  posterior 

are  commonly  described. 

ej/"  of  the  tympanum  is  formed  by  a  thin  plate  of  bone,  which 
asilv  broken  through  so  as  to  obtain  a  view  of  the  tympanic 
Km  above  ;  it  is  situated  on  the  upper  anterior  surface  of  the 
ortion  of  the  temporal  bone,  near  the  angle  of  union  \vith  the 

1  portion.  The  floor  is  narrow,  in  consequence  of  the  outer  and 
indaries  being  inclined  towards  each  other.  It  is  separated  by 
ite  of  bone  finom  the  jugular  fossa  behind  and  the  carotid  canal 

lier  tcall  is  formed,  to  a  small  extent,  by  bone,  but  mainly  by  the 
e  (membrana  tympani)  ahready  mentioned  as  closing  the  inner 
le  external  auditory  meatus.  Immediately  in  front  of  the  ring 
into  which  the  membrana  tympani  is  inserted,  is  the  inner  ex- 
>f  the  fissure  of  Glaser.  Close  to  the  back  of  this  fissure  is  the 
of  a  small  canal,  through  which  the  chorda  tympani  nen^e 
It  from  the  tympanum. 

MCiuliriiii  tjmpAni  is  an  ellipsoidal  disc,  the  longer  axis  of 
directed  from  behind  and  above,  forwards  and  downwards,  and 

—View  of  thi  outer  surfaoi 

LSrr  MIMB&AXA  TTMPAKI,  ATTER 
li     OF      nU     CUTAVB0C9     LATER 

y    ! 

■die  of  the  malleiis  is  distinctly 
.  the  long  process  of  the  incus 
I  a  fmint  li^t  band  parallel  with 
le  behind  the  handle  of  the  mal- 
•  other  light  band  nearly  at  right 
the  nudlens  is  caused  by  the 
■peni  nerve.  The  notch  of  Ri- 
■  aboTe  the  handle  of  the  mal- 
termination  of  the  posterior  waU 
«nel  auditory  meatus. 

i  0.87  inches  (9.25  mm.)  in  "^^^^i^^^ ' 

the  shorter  axis  being  about 

lies  (8.25  mm.).  It  is  inserted  into  the  groove  already  noticed 
nd  of  the  meatus  extemus,  and  so  obliquely  that  the  membrane 
towards  the  anterior  and  lower  part  of  the  canal  at  an  angle  of 
5*.  The  handle  of  the  malleus  (fig.  373),  one  of  the  small  bones 
tympanum,  descends  in  contact  with  the  inner  surface  of  the 
He,  covered  by  mucous  membrane,  to  a  little  below  the  centre, 
;  is  firmly  fixed  ;  and,  as  this  process  of  the  bone  is  directed 
.  the  onter  surface  of  the  membrane  is  thereby  depressed  in  a 

lembrana  tympani  is  about  -^  inch  (0.1  mnu)  thick.    Covering  it 
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externally  is  a  prolon^tion  of  the  akin  of  the  external  meatus;  in( 
ie  a  jirolongation  of  the  raucous  membrane  lining  the  cavity  of  t| 
paniiin  ;  aud  between  these  two  is  the  proper  substance  of  the  ma 
cym^MDscd  of  fibrous  tissue.  The  greater  number  of  the  fibrt-a  nwta 
the  tittiwhment  of  the  haodk  of  the  m^dleus  (fit^.  373),  but  tln^i 
circular  fibres  which  are  Bituatc^d  withia  or  mesially  to  the  ra<ii 
closer  to  the  circumference,  fonii  a  dense,  almost  ligamentous  nnj 
radial  fibres  are  not  etruight,  but  are  slightly  bowed,  outwuidi,! 
between  the  most  depressed  point  or  umbo,  and  the  attacheti  boB 
membrane  is  slightly  convex  outwardly.  This  shape  is  mamta 
the  annular  fibrte. 

At  the  upper  find  antenor  part,  the  annular  fibres  stretch  M 
mouth  of  a  small  notch  m  the  bony  rinf,'  to  which  the  membrane  i 
I  notch  of  Rivini),     The  notch  is  occupied  by  a  lax  part  of  the 
{memhrana  ffmxida,  Shi-apnell),consistinj^  of  kK>se  connect! vie 
vebsels  and  nerves,  and  covered  by  skin  and  mucous  membrane* 
sioually  happens  that  a  fissm^e  or  perforation  is  to  be  detected  at  thii 

Fig.  374.— Vicir  or  TRi  Hi 

BRAjfA    TTXrAJit    X3IP    1«M4 

stcLsa  FROM  rum  nnm 

SOMEWHAT    FaOM    ABOTl  (£J^ 

m,  tniJleiis;  •',  i]Kiif;i^l 
py^  pTminid  fram  mWtk  lli 
of  the  «t«pediDfl  nniek  i 
emei^ging  ;  I  f ,  tencbB  «f  lU 
tympRni  cut  short  wmt  ^  m 
I  a,  anterior  UgiMBMiit  tf  ifei 
the  pn»ceB9iu  pMS^hmt^ 
the  lower  fibres  of  thb  X 
fu  peri  or  ligame&t  of  the 
ligament  of  tho  ixuni 
tirmpani  nerve  pviniig 
wall  of  the  tympukwiL 

The  membrane  i*  f  ap|i*M 
blood-veeselB,  but  tbejai*^ 
oolL&ied  to  the  iikizi  lad 
membrane  coTering  the  fl 
a  few  are,  howevEr,  ftmAi 
proper  fibrous 
form  a  cxmuanaic 
the  two  ejstems  on  the  surfaces.  Tho^  of  the  Rkin  are  mortlj 
small  azt^,  derived  from  the  deep  amcular  branch  of  the  intenkil 
which  passes  from  above,  jiarallel  to  and  along  the  handle  of  the 
iier\'es  for  the  moot  part  aeeompany  the  blood -reeaelfl,  fint  sa] 
then  formings  a  plexna  both  in  the  otitis  and  in  the  mtiooaA. 
are,  according  to  Kesael,  tolerably  abundant  in  all  three  layeis. 


i 


The  mner  wall  of  the  tympanum,  which  separates  it  from! 
ciir,  is  very  uneven.  Near  its  upper  part  is  an  ovoid,  or 
shaped  ^xmng—frm^fra  oralis  (fi^.  375, /.£>),  which  leads  into  I 
of  the  vestibule.  This  opening,  which  is  elongated  from  beJbre  j 
wards,  w  ith  a  slight  inclination  downwards  in  fronts  is  occupied  i 
recent  stat<  by  the  base  of  the  stapes,  and  the  annular  Hpime 
with  that  plate  of  iKinc,  Above  the  fenestra  ovalis,  and  bet 
the  roof  of  the  tymjmniini,  a  ridge  indicates  the  position  of  1 
of  Failopius  {aP),  as  it  passes  backwards,  coutaiiiing  tlie 
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im  larger  and  more  rounded  elevatioTi,  caused  by  the  projection 
I  of  the  first  turn  of  the  cochlea,  and  named  tlie  i/rmmnhri/, 
'  eoehlem  (fig.  875,  p) ;  it«  Burface  is  marked  by  grooves,  in  wliicb 
BTBa  of  the  tympanic  plexns. 

and  behind  tlie  promontory,  ami  somewhat  hidden  hj  lU  is 

apC!Knre  named  fmedra  rotunda ,  which  Mes  witliin  a  fuuoel- 

tfepwasion  (fig.  375, /.r).     In  the  nmccTatcd  and  drit^d  hone  the 

Lf^otnoda  opens  into  the  scala  tympaui  of  the  cochlea  ;  bnt^  in  the 

le,  it  18  closed  l)y  a  thin  membrane. 

Pig.  375. 


cjor 

Fif,  375.— TjrirEm  wall  of  tni  rioht  TYMpAwtM  (G.  B-  TlianeK  \ 

mm  *tid  ol  atk^  Eottochum  tube  und  canul  for  the  tensor  tymixani  is  cut  opsn 
^  hf  IN  tmw.  Mf  brisite  pa<Med  into  iht*  upcning  from  tfa«  tjmpft&iitD  into  the 
MTcAi;/^  f«A«vtr>  oralia  ;  /r,  ft'oe^^tnt  rotunda  ;  p,  prorooiiiory  ;  a  Z',  .v|ueduet 
jlaiv  or  tiaaX  ttit  the  f«cU1  ncrre ;  c.pr,  tawer  end  of  the  |iroc«ttiui  coclilcarifontiU, 
fit  MiSt  pwnd  tkroiigh  tli«  csnol  for  the  teoaor  tjmpAai  muscle ;  iTu,  bruiite  ia  the 

itifMie  closing  the  fenestra  Tot\indn.^-s^o}tdary  memhrans  a/ 

-'"Air|ia) — ^is  rather  concave  toTvanls  the  tympfinic  cuvity, 

mbrana  tympani,  is  corapos4.'d  of  three  strnctures,  the 

^  |jbroii3,  and  the  outer  and  inner  derived  from  the  luein- 

o:    the   cavities    between  which   it    interposed,   viz.,   the 

Se  c^)chlea, 

-nor  wall  of  the  tympanum  ha«  at  itanpper  part  one  larger 

,  and  several  smaller  openings,  which  lead  into  irret^ailar 

um^ioid  cells,  m  the  snl>stance  of  the  mastoid  |x>rtion  of  the 

lie.    These  cells  commniiicate  for  the  most  part  frct-ly  with 

-— ^ ,  and  are  lined  by  a  thin  mucous  membrane  continuous  with 


Li 
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that  of  the  tympanum.  Behind  the  fenestra  OTalis,  and  directed  b 
is  a  smnll  CL>nical  eminence,  called  the  pt/ramidt  or  eminenik  [ 
(%.  ;"S74,  y^l^Kpy)*  Its  apex  is  pierced  by  a  foramen,  through  i 
tendon  of  tlie  stapedius  mnscle  emerges  fiom  a  canal  which  wheal 
baek  is  found  to  turn  downwards  in  the  posterior  wall  of  the  tp^ 
and  to  join  obliquely  the  descending  part  of  the  aqueduct  of  PJ 
(fig-  H72,  V),  A  small  bonj  spicuimn  often  connectd  the  eoilj 
pyramid  with  the  npper  part  of  the  promontory  (see  fig,  875), 

The  anterior  extremity  of  the  tympanum  is  narrowed  by  the  g 
desscent  of  the  roof>  and  is  continued  into   the  inner  orifittl 

Fig.  a7fi. 


Fig.  370*— SscTioir  acmosb  the  caetilagotous  fabt  or  thi  sviTicBxif  1< 

(Eiidinger). 

1^  2,  bent  cartilaginoaa  pkt©  ;  3,  miisc*  ditatfttor  tiibip  ,•  to  the  left  of  i  5*1 
attachmeni  of  Uie  lemtor  paJiili  muBcle  ;  5,  tissue  uniting  the  tube  tu  Uie  iM 
skull  ;  6^  and  7,  mucous  gknda  ;  S,  10,  fat  j  9  to  11,  lumen  of  the  tube  ;  1%  «ff 
tiasnf  on  the  lateral  agpect  oE  the  tube* 

Eustachian  tube  (%.  375).  Above  the  commencement  of  Ujib 
canrd  which  hedges  tlie  tensor  tympani  musc*le.  This  canal  is  dwi 
an  inch  hm^,  and  it  opens  immediately  in  front  of  the  fenestn ' 
BUiTuuiided  by  the  expanded  and  everted  end  of  the  cochleariform ] 
which  separates  it  from  the  Eustachian  tube. 

In  the  recent  state  the  fibrous  shejiih  of  the  tendofn  ia  expanded  OT€rtlM 
the*  canal,  i?o  as  to  impart  to  it  a  conical  dmpe  (see  fig.  381,  tt,) 

The  Eustackiau  tube  (^^,  369, 4)  is  a  canal,  bounded  partly  k 
partly  by  cartihiire  and  filaxnis  membrane,  which  leads  from  the  a 
the  tyiii|ianom  tn  the  upi>er  part  of  the  pharynx.  From  the  tymp 
is  direrU'd  f<  awards  and  inwards,  with  a  8liii:ht  inclination  downwsi 
entire  length  is  about  an  inch  and  a  half.  The  posterior  itr 
division  of  the  tiil>e  is  placed  at  the  angle  of  junction  of  the 
portion  of  the  temporal  bone  with  the  squamous  portion.  The 
part  of  the  tube  is  formed  of  a  triangnlar  piece  of  cartilagei  the  i 
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b  «re  Blightly  cmled  round  towards  each  other,  leaving  an  interval 
Ip  under  and  onter  side,  in  which  the  wall  of  the  canal  is  completed 

rBe  bnt  {^ble  fibrons  membrane,  and  by  a  muscular  band  con- 
with  the  tensor  palati  and  termed  by  Siidinger  the  dilatator  tuba. 
feabe  is  trumpet-shaped,  being  narrow  behind,  and  gradually  expand- 
pa  greater  width  in  front ;  the  antenor  part  is  compressed  from  side 
Ufe,  and  is  fixed  to  the  inner  pterygoid  plate  of  the  sphenoid  bone. 
antoior  opening  is  of  a  compresised  oval  form,  and  is  placed 
|Bely  at  the  side  and  upper  part  of  the  pharynx,  into  which  its  promi- 
margin  projects  behind  the  lower  turbinate  bone  of  the  nose,  and 
m  the  level  of  the  hard  palate.  Through  this  aperture  the  mucous 
kfarane  of  the  pharynx  is  continuous  with  that  which  lines  the  tym- 
im,  and  under  certain  conditions  air  passes  into  and  out  of  that  cavity. 
■ALL  Boxes  of  the  Eab. — ^Three  small  bones  (ossiculd  auditHs)  are 
ained  in'the  upper  part  of  the  t}Tnpanum  :  of  these,  the  outermost 
Uetis)  is  attached  to  the  membrana  tympani ;  the  innermost  (stapes) 
ced  in  the  fenestra  ovalis  ;  and  the  third  {incus)  placed  Ixjtween  the 
T  Iwo,  is  connected  to  them  by  articular  surfaces.  They  form  to- 
iCr  an  angular  and  jointed  connecting  rod  between  the  membrana 
Dani  and  the  membrane  which  closes  the  fenestra  ovalis. 
be  maUeaa  or  hammer-bone  (figs.  377,  378),  consists  of  an  upper 

S77. — ^Thx   lvr  xallius  Fig.  877.  Fig.  378. 

THK    XDVLT    TIBWn>    fBOX 

S  OUTKB  Bwm,  IfAonruD 
i:e  times.  (After  Helm- 
Ite.) 

capitulam ;  a  i^  grooTed 
«kr  surface  for  the  incus; 
■  prominent  lower  maigin  ; 
vriz ;  m,  end  of  the  mana- 
M\  6.  procenos breris;  j»r.yr, 
BKQs  gracilis,  here  repre< 
ad  only  bj  a  short  stimip,  the 

tf  the  process  haying  been 
9rted  into  ligament ;  a,  ridge 
libieh  the  external  ligament  is 


\,  378.— Left  malleus  or  a  child  viewed  eeom  beioee.    Maqnieied  ioub 

TIMES.      (E.A.S.) 

be  lettering  is  the  same  as  in  the  previous  figure.     The  processus  gracilis  is  hers 
pkte.    The  angle  which  the  manubrium  forms  with  the  rest  of  the  bone  is  seen  in 


ker  portion,  with  a  tapering  lower  portion,  and  two  processes.  The 
cr  end  is  formed  by  the  rounded  head  (capitulum)  (c),  on  the 
erior  surface  of  which  is  an  elliptical  depressed  surface  (a.%)  with 
ninent  margins,  which  passes  obliquely  downwards  and  inwards, 
aerres  for  articulation  with  the  incus.  Below  the  head  is  a  con- 
ted  fuek  (d);  and  beneath  this  another  slight  enlargement  of  the  bone, 
iiich  the  processes  are  attached.  The  handle  (inanuhrium)  (m),  the 
r  tapering  point  of  the  malleus,  is  slightly  twisted,  and  is  compressed 
.  before  backwards  to  near  its  point,  where  it  is  flattened  laterally. 
rms  a  rounded  obtuse  angle  with  the  head  of  the  bone  (fig.  378), 
panes  downwards,  with  an  inclination  forwards  and  inwards,  on 
oner  side  of  the  membrana  tympani,  to  which  it  is  closely  attached 
by  its  periosteal  covering  and  also  by  a  dense  fibro-cartilaginous 
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tissue  extending  its  whole  length,  except  near  the  root  of  the 
where  the  bono  is  less  firmly  united  to  the  membrane.  The 
insertion  of  the  tendon  of  the  tensor  tympani  masde  is 
marked  by  a  slight  projection  on  the  inner  side  of  £he  mannbrioi! 
its  upi)er  end.  The  long  process,  (processus  gracilis  sou  / 
(p'.gr,)  is  a  very  slender  spiculum  of  bone,  which  in  the  adnlt  m  _ 
converted,  except  a  small  stump,  into  ligamentous  tiasoe,  anl 
where  it  still  exists  as  bone  is  often  broken  off  in  its  remoT^ " 
tympanum ;  it  projectfi  at  nearly  a  right  angle  fix)m  the  frrait  i\ 
neck  of  the  malleus,  and  extends  thence  obliquely  downwards  inl 
wards  to  the  Olaserian  fissure.  Its  end  is  flatt<3ned  and  expandeil 
is  connected  by  ligamentous  fibres  or  bone  to  the  sides  of  the  ' 
The  short  process  (processus  hrevis  vel  obfusus)  (b)  is  a  low 
eminence  situated  at  the  root  of  the  manubrium,  beneath  the 
and  projecting  outwards  towards  the  upper  part  of  the 
tympani,  to  which  it  is  attached. 
Tne  incus  (fig.  379),  as  its  name  implies,  has  been  compaiBd  U 

Fig.  879. — Lbft  ikcus,  vibwio  nu>v  thi 

AND  SOMEWHAT  FBOM  BEFOSB.      MaQVIFIB])  IMM 

(G.  D.  Thane). 

h,  body ;  a  m,  ridged  articular  surtee  forth* : 
pr,  bTf  processus  brevis ;    Z.  i,  rough  warfaa 
oxtremity  for  the  attachment  of  the  tifliBCi 
incus ;  pr,  I,  processus  longns,  t^rmiiiatiBg 
small  projection   "which  comes  off  from  it  tt  a 
angle,  and  is  capped  by  a  convex  toberelc^  |M 
jtro  ^  orbicularis,  pr.  o,  for  articulation  with  the  t/ifA 


anvil ;  but  it  resembles  perhaps  more  nearly  a  tooth  with  two 
separated.    It  consists  of  a  body  and  two  processes.     The  boifh 
deep  saddle-shaped  articular  suiiiace  in  front  (a.  w),  which  fiti  i^ 
the  head  of  the  malleus.    The  shorter  process  (crus  breve)  (pr.br.) « 
incus  projects  backwards.    Its  extremity  is  tipped  with  cartilage^ 
moveably  articulated  by  ligamentous  fibres  with  the  posterior  aad 
with  the  outer  wall  of  the  tympanum  near  the  entrance  to  the  mastoii 
The  long  process  (crus  longum)  (pr.l)  tapers  rather  more  CTadniDfii 
passes  downwards  and  inwards  behind  and  parallel  to  the  nandle  oTj 
malleus :  at  its  extremity  it  is  bent  inwards,  and  is  suddenly  vMxam 
into  a  short  neck ;  and  upon  this  is  set  a  flattened  tubercle  (]M\M0t 
orbicularis  sen  lenticular  is)  (pr.o),  tipped  with  cartilage.    This  talxA 
which  articulates  with  the  head  of  the  stapes,  was  formerh,  anderg 
name  of  os  orbiculare  sen  lenticulare,  descritJed  as  a  separate  bone,w 
indeed  it  originally  is  in  childhood. 

At  the  joints  between  the  incns  and  mallens  on  the  one  hand  and  the  is^J* 
stapes  on  the  other  the  articular  surfaces  are  tipped  with  cartilage  and  <!^^ 
by  a  synovial  membrane.  Riidinger  describes  both  in  this  joint  and  B* 
articulation  of  the  incus  with  the  stapes  an  interarticular  fibi«M»rti]ig^  ^ 
subdivides  the  joint  into  two  parts. 

The  Stapes  (fi<r.  880),  the  third  and  innermost  bone  of  the  «tfi* 
in  shape  remarkably  like  a  stimip,  and  is  composed  of  a  heaiil* 
and  two  crura.  The  htad  ih)  is  directed  outwards,  and  has  on  W^ 
slight  depression,  covered  with  cartilage,  which  articulates  with  tl*^^ 
cular  process  of  the  incus.    The  base  (b)  is  a  plate  of  bone  fitting  *" 
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notch  of  Kivini^  and  converge  to  the  rfiort  process  and  adjac^oii 
of  the  body  of  tlie  raalleus. 

Tbe  iKjsterior  bundle  of  fibres  of  this  ligament    togrether  with  tla  i 
bundle  of  the  anterior  ligament  are  termed  by  Helmlioltz  the 
the  inalleu»;'  ainoe  they  are  attached  nearly  in  the  axis  of  rotation  of  tiusl 

Pig.  3S1.— Tiwfl 
cjititt    or  fnl 
pjurt;M«    vttsu  I 

ABOTt,  lMi< 

tOUK  TtXXi.i  \li 

m,  head  of  tb«  i 
jp,spimiljm|M 
L  a.  m,  aatetiorJs 
of  the  niAllettk ;  I 
extenud  liganum  * 
tafiUeuM  ;  ^,  ^  t 
the  two  tii^meatiii 
to  the  menihiiiii  i 
and  notch  «f 
body  of  tlie  uu3u;C 
pofftorior  Ugu&tit^l 
iticu8 ;  pr,  r>,  proccs&uii  orbicukris  o!  tbf^  tncus  seen  in  the  depth  of  the  carit^,  i  '  ' 
ti^ith  tho  he-ad  of  tho  »t^pvii,  st  \  st\  toDdon  of  the  stapedius  muscle  eiiiei^iii(  \ 
pyramid  ;  £f,  tendon  of  the  tenaor  tyinpani,  emerging  from  the  oeitical  ood  «f  i 
/,  thickened  edge  of  a  flattened  band  of  iigamentoua  fibres  which  lies  ia  a  £ 
mucoiiA  membrane,  m.m.,  aud  aasifita  m  fixing  the  malleus  \  9,L  m^  \ 
the  malleuB;  cut  ahoTt  ;  n^  chorda  tympani  nerre. 

The  superior  h'ffamentoffhe  malleus  ffigB.  374,  /.*.,  and  381, 381*.! 
consists  of  a  small  bnndle  of  fibres,  which  passes  downwards  and  outi 
from  the  roof  of  the  tympainim  to  the  head  of  the  malleus,  and  str 
check  the  ootward  movements  of  the  mannbrium  and  membmim  ly 

I/tjWiitr  rtgameut  of  the  mollmu. — A  Bmnll  bnndle  of   ligamentxntt 
frequently  found  passing  from  near  the  extremity  of  the  hajadle  of  the 
upwards  and  back^vardu  behind  the  long-  process  of  the  incus,  to  be  attackillii 
the  outer  wall  of  the  tympanum.    Tliis  ligament  aaed^ta  the  external  lij 
in  resisting  a  too  violent  action  of  the  tensor  tympani  muscle,  and  h 
also  to  restrict  any  rotating  action  which  that  mufide  may  tend  to  exoi 
the  maUeus  (KA^SO^ 

The  Ugamenl  of  t?is  mats  (figs,  874,  881,  /.  t)  extends  from 
point  of  the  sliort  cvm  backwards  towards  the  posterior  wall  of  1 
tympanum,  bnt  some  of  its  iibi'es  spread  also  outwards  and  inwardii. 
is  attached  below  the  entrance  to  the  mastoid  cells. 

Muscles. — There  are  only  two  well-cletcrmined  muscles  of  the  tjwT 
panuTiL     Summerring  described  four,  and  some  authors  have  mentiaBBd 
a  larpfcr  number ;  but  their  de^criptious  have  not  l>een  confirmed  ' 
late]"  research.    Of  the  two  muscles  generally  recognised,  one  is  \ 
to  the  msdlens,  and  the  other  to  the  stapes. 

The  inimr  iijmpani  (fig.  S81,  //},  is  the  larger  of  theee  mascles. 
consists  of  a  tapering  fleshy  part,  about  half  an  inch  in  length,  and* 
slender  tendr^n.  The  muscular  fibres  arise  from  the  eartilajginoDg  end  of 
the  Eustachian  tube  and  the  adjoining  surface  of  the  sphenoid  bMi» 
and  from  the  sides  of  the  canal  in  which  the  muscle  lies  and  in  wbtckil 
is  conducted  backwartls  to  the  cavity  of  the  tympanum,  ImmcdiiM|f 
in  front  oi*  the  fenestra  ovalis  the  tendon  of  the  muscle  bends  st  n&Aj 
a  right  angle  over  the  end  of  the  processus  cochleariformisiBiUiodi 
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IT,  and,  cont^€d  in  a  fibrous  sheath,  passes  ontwardB,  to  be  inserted 

the  inner  part  of  the  handle  of  the  malleus,  close  to  its  root. 

t  Btapedms  is  a  very  difitinct  muscle,  but  is  bid  withio  the  bone, 

lod^tsd  in  the  descending  part  of  the  aqueduct  us  Faliopii  and  in  the 

of  the  pTTamid.    The  tendon  issues  from  the  aperture  at  the  apex 

little  elevation  (fi*r.  374),  and  jjassing  fonvards,  8un*otmded  by 

I  sheath,  is  inserted  into  the  neck  of  the  stapes  posteriorly,  close 

articolation  of  that  bone  with  the  lenticular  process  of  the  mens. 

erj  filesder  spine  of  bone  has  been  found  occasionally  in  tlie  tendon  of  the 
!^  tn  man  :  and  a  simOar  pieoe  of  bone,  though  of  a  roimder  shape,  exists 
tly  in  the  ha»e,  tbe  ox,  and  other  onimak. 

Vh,  Sg2. 
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$d2.— PRonuiTmiro9  tsa  var  imrBaAiTA  rnrfAKi  a5t>  apmtort  oisioLn  • 
[  BVTouiJurp  aomnrttXT  rnon  abovx.    IkUdirinKD  fm%  Tints,  (B.  A*  8.) 
y^  Aaterior  ball  of  tbe  membnuie  bas  been  cut  awij  b7  an  obliqoe  slice,     m^  head 

fDalkoa  ;  tp^  spiu'-like  projcctioD  of  the  lover  border  of  ita  articular  aiirfaee ; 
1^.  Ir»  tts  ftbort  prooees  ;  pr.  gr^  root  of  ptroccasus  gracilis^  cut ;  sA.m^  saspenaoTy  liga* 
tet  of  tbe  nulkus ;  Lt.Mf  ita  external  ligament  ;  t.t^  teocion  of  the  tensor  ijrmpan],  cut ; 
iSacaa,  ita  long  process  ;  jf,  erUpei  in  fenestra  ovalis ;  e.au.m,  extenuil  auditor?  meatus  ; 
fktk  Bci^b  of  Kirini  ;  mJ,  memtrana  tjmpani ;  u,  its  most  dopressed  point  or  unibo ; 
i,  dedrritT-  at  the  eztroiiity  of  the  extemaJ  meatus ;  i.au.m^  internal  anditory  meatus  ; 
a  iwl  6,  Ha  upper  and  lower  divisions  for  the  corresponding  parts  of  the  auditory  nenre  ; 
m,pt  caaaJ  for  the  nerre  to  the  ampulla  dt  the  posterior  semicircular  canal ;  ?.«.c,  ampul- 
li^  end  of  the  superior  canal  ;  p,  ampulkry  opetnng  of  the  posterior  canal  ;  r,  commoo 
apeftnie  of  the  superior  and  posterior  eaoals;  €,§,€,  ampullary,  and  t^.t.c^  nan-ampullarj 
e&4  of  the  external  canal ;  « J  c,  scaJa  tympani  cochleie ;  /.r,  feneirtni  rotunda,  closed 
hf  iia  membrane  ;  a,Ff  aqueduct  of  Fallopias. 


of  the  auditory  oasiolea,— The  maUetut  and  incus  move  to- 
'  round  an  axia  extending  backwards  from  the  attachment  of  the  maUetis 
hf  ilB  anterior  ligaments  to  the  attachment  of  the  short  process  of  the  incus 
poiteriorlT.  The  handle  of  the  mallcnii  follows  all  the  movements  of  the  mem- 
bmiB  tjmpanj^  and  when  the  membrane  is  impelled  inwards,  the  incns.  moving 
iftw«rds  along  with  the  mallenSf  pnshea  the  stapes  inwanls  towards  the  internal 
lac.  In  thia  movement  the  head  of  the  ff tapes  is  slightly  raised  as  well  as 
inwacda,  and  the  upper  margin  of  its  boae  mores  more  than  the  lower. 
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Bnt  the  cavity  of  the  inner  ear  is  fall  of  liquid ;  and  its  walls  are  i 
except  at  the  fenestra  rotunda  ;  when,  therefore,  the  stapes  is  pusbed  i 
the  secondary  membrane  of  the  tym][)anum,  which  blocks  up  the  fenestai 
must  be  bulged  outwards.    AVhcn  the  membrana  tympani  returns  to  i 
condition  these  movements  are  reversed.    That  the  movement  inwards  of  ii 
must  closely  accompany  that  of  the  malleus,  is  neccsf^itated  by  the  fact  i 
lower  margin  of  its  ai-ticular  surface  has  a  well  marked  projection  wtaAn 
against  the  prominent  border  of  the  articular  surface  of  the  malleiu  ( 
If,  however,  in  consequence  of  increase  of  tension  of  the  air  in  the  1 
the  malleus  should  be  moved  too  freely  outwards,  the  incns  need  not  i 
movement  to  its  full  extent,  but  may  merely  glide  over  the  smooth  i 
surface  of  the  malleus,  and  thus  the  danger  that  there  would  othetwal 
forcibly  dragging  out  the  stapes  from  the  fenestra  oval  is  is  avoided. 
The  tensor  tympani  muscle,  being  attached  near  the  hose  of  the  i 
the  malleus,  draws  the  whole  bone  and  the  membrane  inwonls,  tigh 
latter.    Its  action  is  opposed  by  the  strong  external  ligament  of  tlie  i 
The  tensor  t^nnpani  exerts  but  little  rotating  action  upon  the  malleus.  Hal 
of  the  stapedius  muscle  is  obviously  to  draw  the  head  of  the  stapes  1 
'n  doing  which  the  hinder  end  of  the  base  of  that  bone  will  be  i 
the  margin  of  the  fenestra  ovalis,  while  the  fore  part  will  be  withdanl 
the  fenestra. 

The  lining  membrane  of  the  tympanum. — The  mnoom  i 
branc  of  the  tympanum  is  continuous  with  that  of  the  pharynx  t 
the  Eustachian  tube,  and  is  further  prolonged  firom  the  tympanoiD  i 
wards  into  the  mastoid  cells.    Two  folds  which  cross  the  breadth  of  I 
canty  descend  from  the  part  of  the  membrane  which  lines  thei 
The  anterior  fold  turns  round  the  tendon  of  the  tensor  tympani  i 
the  posterior  fold  passes  round  the  stapes.    The  malleus  and  * 
invested  by  the  lining  of  the  outer  wall  of  the  cavity ;  whiA  I 
also  prominent  folds  in  front  of  and  behind  the  neck  of  the  i 
these  folds  separating  off  a  small  pouch-like  corner  of  the 
cavity  corresponding  with  the  situation  of  the  membrana 
Various  other  smaller  folds  are  met  with,  and  they  for  the  moik  ] 
contain  strands  of  fibrous  tissue  and  sometimes  osseous  spicules. 

The  mucous  membrane  which  lines  the  cartilaginous  port  oft 
Eustachian  tube  resembles  much  the  membrane  of  the  pharvmuiAl 
which  it  is  immediately  continuous  ;  it  is  thick  and  vascular,  i  cowii 
by  ciliated  epithelium,  and  is  provided  with  many  simple  mncoos  fj^\ 
which  pour  out  a  thick  secretion  :  in  the  osseous  part  of  the  tube,ho«e^  1 
the  membrane  becomes  gradually  thinner.    In  the  tympanum  ndAll 
mastoid  cells  the  mucous  membrane  is  paler,  thinner,  and  lesBTMcdi;! 
and  secretes  a  less  viscid,  somewhat  yellow  fluid.     Between  it  and  Ae 
periosteum  is  a  network  of  fibrous  bundles,  which  arc  here  and  that 
raised  above  the  general  surface,  causing  corresponding  projectiooitf 
the  mucous  membrane.     In  various  places  on  the  interlacing  biuidki^ 
peculiar  swellings  occur  of  various  sizes,  which  appear  to  be  caused  by 
the  superaddition  of  concentrically  arranged  fibres  upon  the  onill^ 
bundles,  and  produce  an  appearance  similar  to  that  of  miniature  Padnia 
coriniscles  (Politzer,  Kesscl).     The  epithelium  in  the  tympanic  canty  ii 
in  part  columnar  and  ciliated,  but  the  roof,  the  promontory,  the  oeBinli^ 
and  the  membrana,  are  covered  with  a  simple  layer  of  flatteiKd  non- 
ciliated  cells  (v.  Troeltsch). 

Vessels  and  Nerves  of  the  Tsrmpamxm.— The  arteries  of  the  tjmpunni' 
thoujj'h  very  email,  are  uumeroug,  and  are  derived  from  branches  of  the  < 
and  from  the  internal  carotid. 
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mrt  of  the  cavity  is  sapplied  chiefly  by  the  tympanic  branch  of  the 
dllary,  which  enters  by  the  fissure  of  Glaser.  The  back  part  of  the 
ding  Uie  mastoid  cells,  receives  its  arteries  from  the  xtylo-mastoid 
B  poeterior  auricular  artery,  which  is  conducted  to  the  tympanum  by 
si  of  Fallopius.  These  two  arteries  form  by  their  anastomosis 
sizde  round  the  margin  of  the  membrana  tympanL  The  smaller 
the  tympanum  are,  the  petroital  branch  of  the  middle  meningeal, 
•  through  the  hiatus  Ihllopii,  and  branches  through  the  bone /rout  the 
otiii  artery,  furnished  from  that  vessel  whilst  in  the  carotid  canaL 
I  of  the  tympanum  empty  their  contents  into  the  superior  petrosal 
m  temporo-maxillary  vein. 

-The  tympanum  contains  numerous  nerves  ;  for,  besides  those  which 
AKti  of  the  middle  ear  itself,  theie  are  several  which  serve  merely  to 
rm  of  different  origin. 

p  membrane  of  the  tympanum  is  supplied  by  filaments  from  the 
ems,  which  occupies  the  shallow  grooves  on  the  inner  wall  of  the 
colariy  on  the  surface  of  the  promontory  (fig.  375). 
US  (fig.  383)  is  formed  by  1st,  the  nerve  of  Jacobson  from  the 
iglion  of  the  glosso-pharyngeal ;  2nd,  a  filament  connecting  the 
oobflon  with  the  carotid  plexus  of  the  sympathetic  ;  3rd,  a  branch 
the  great  superficial  petrosal  nerve  ;  4th  and  lastly,  the  small  super- 
kl  nerve,  passing  to  the  otic  ganglion. 

I  ganglion  cells  are  found  both  in  the  uniting  cords  and  also  at  the 
notion  of  the  plexus. 

nW  OF  THE  TTXPAVIO  PLKXUS  ^*    ^8« 

I  (from  Sappey,  after  Hirsch- 
smile). 

palatine  ganglion  ;  7,  Vidian 
sat  snperticial  petrosal  nerve ; 
inch  of  the  Vidian  ner?e  ;  10, 
ixth  nerre  connected  by  twigs 
pathetic  ;  11,  superior  cervical 
the  lympathetic ;  12,  carotid 
•dal  nerve  ;  14,  glosso-pharyn- 
.6,  nerve  of  Jacobson  ;  16,  its 
qrmpathetic ;  17,  filament  to 
votimda;  18,  filament  to  the 
tube ;  19,  filament  to  the 
a ;  20,  small  superficial  petro- 
21,  filament  joining  large 
traaaL 

I  of  Jacobson  (fig.  383, 16)  enters  the  tympanum  by  a  small  foramen 
r,  which  forms  the  upper  end  of  a  short  canal  in  the  petrous  portion 
oral  bone,  beginning  at  the  base  of  the  skull  between  the  carotid 
1  the  jugular  fossa.  The  nerve  from  the  carotid  plexus  is  above 
i  of  this,  and  passes  through  the  bone  directly  from  the  carotid  canal, 
to  the  great  superficial  petrosal  nerve  (fig.  383.  21)  is  lodged  in  a 
.  opens  on  the  inner  wall  of  the  tympanum  in  front  of  the  fenestra 
t  small  superficial  petrosal  nerve  also  leaves  at  the  fore  part  of  the 
ith  the  canal  for  the  teuisor  tympani. 

r  tympani  muscle  obtains  its  nerve  from  the  otic  ganglion  ;  and  the 
seives  filaments  from  the  facial  nerve. 

'«  timpani  arising  from  the  facial  near  the  lower  end  of  the  aque- 
opins,  takes  a  recurrent  course  to  the  tympanum,  which  it  enters  by  an 
he  posterior  wall  just  below  the  level  of  the  pyramid.  From  this  place 
ha  slight  curve  across  the  cavity  near  the  outer  boundary,  and  crossing 
the  posterior  part  of  the  membrana  tympani,  the  handle  of  the  malleus 
ik,  and  the  processus  gracilis  of  the  same  bone,  finally  enters  a  small 
bone  close  to  the  Glasorian  fissure  (fig.  374,  ch).  It  is  invested  by  the 
lining  membrane  already  mentioned  as  occurring  in  this  situation. 
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fit  the  lower  and  back  part  of  the  vestibule ;  and  the  qi 
terminates  in  the  common  canal  above  described.  The  eA 
circular  canal  (fig.  384,  4  ;  fig.  385,  7)  arches  horizorUdOji 
and  opens  by  two  distinct  orifices  into  the  upper  and  back  ] 
vestibule.  The  canal  is  shorter  than  either  of  the  other  two : 
is  at  the  outer  end,  above  the  fenestra  ovalis. 

The  cochlea  (fig.  384,  G,  7, 8),  when  cleared  of  the  snnoondiz 
bony  6ul]^nce  in  which  it  lies  embedded,  appears  in  ihe  fon 
cone,  the  base  of  which  is  turned  towards  the  internal  audit 
whilst  the  apex  is  directed  outwards,  with  an  inclination  fi 
downwards,  and  is  close  to  the  c^inal  for  the  tensor  tympani 
measures  about  i  of  an  inch  in  length,  and  the  same  in  breadth 

Kg.  887. 


Fig.   387. — Osseous  Labyrinth    of 

flaxxea)  (trom  Breschet).     | 
1,  semicircular  canals  ;  2,  vestibale  ;  3,  ooeUt 

of  a  short  straight  tube. 

It  consists  of  a  gradually  tapering  gpii 

inner  wall  of  which  is  formea  by  a  cent 

or  modiolus  (fig.  888,  1),  around  whk 

It  is  partially  divided  along  its  whale 

spiral  lamina  (2),    projecting    into   it 

modiolus.    From  this  osseous  spiral  la 

branous  structures   are    in    the    reoen 

stretched  across  to  the  outer  wall  of  tii 

thus  completely  separate  two  pasnge 

one  on  each  side  of  the  spiral  lamina,  which  commonicat 

the  other  only  by  a  small  opening,  named  helicotrema,  placed 

of  the  cochlea. 

That  the  cochlea  is  justly  to  be  considered  as  an  elongated  tube,  o 
on  the  modiolus,  is  iUustrated  by  the  simple  pouch-like  form  of  the 
cochlea  of  birds  (fig.  387)  as  weU  as  by  the  history  of  its  deyelopme 

The  spiral  osseous  canal  is  nearly  li  inch  long,  and  about 
diameter  at  the  commencement,  where  it  is  widest.  From 
the  canal  makes  2\  turns  round  the  central  pillar  (from  left 
the  right  ear,  and  in  the  opposite  direction  in  the  left  ear,  sa 

Fig.  888.  Fig.  889. 
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Fig.  388.— DlAQRAMMATIO  VIEW  OF  THE  OSSEOUS  COGHLVA  ULID  OH 

1,  modiolus  or  central  pillar  ;  2,  placed  on  three  turns  of  the  Umina  tgk 
tympani  ;  4,  soda  vcftiV  nli. 

Fig.  389. — View  of  the  ossecs  cochlea  divihed  through  thi  x 
(from    Arnold).     \ 
1.  central  canal  of  the  modiolus  ;  2,  lamina  sjjiralis  ospca  ;  3,  scala  ijm 
yestiboli  ;  6,  porous  Buhstaucc  of  the  modiolus ;  6,  end  of  the  internal  mi 
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wed  from  the  base),  and  ends  by  an  arched  and  closed  ex- 
led  the  cupola,  which  forms  the  summit  of  the  cochlea.  The 
living  by  far  the  most  extensive  curve  and  Ixjinp:  the  larjrcst 
the  tube,  nearly  hides  the  second  from  view ;  aud,  bultring 
into  the  tympanum,  forms  the  round  elevation  on  the  inner 
t  cavity  callea  the  promontory. 

Uolus  (columella  cochleae),  the  central  pillar  or  axis  of  the 
much  the  thickest  within  the  first  turn  of  the  tube,  rapidly 
g  in  size  in  the  succeeding  parts.  Its  central  part  is  spongy 
le  last  half  coil,  and  is  pierced  by  many  small  canals,  for  the 
the  nerves  and  vessels  to  the  spiral  lamina  ;  one  of  these 
rer  than  the  rest,  central  canal  of  ih^  modiolus^  runs  from  the 
jh  the  centre  of  the  modiolus  (fig.  389,  1). 
ous  spiral  lamina  is  a  thin,  flat  plato,  growing  from  the  modi- 
irojecting  into  the  spiral  tube,  so  as  to  divide  it  partly  into 
oes  not  reach  farther  than  about  half-way  towards  the  outer 
:  spiral  tube.  Close  to  the  apex  of  the  cochlea,  it  ends  in  a 
rocess  (hamulus),  which  partly  bounds  the  helicotrema. 
ina  is  thin  and  dense  at  its  free  edge  ;  but  nearer  the  modi 
.temal  structure  is  more  open  and  spongy,  and  contains 
small  canals  for  vessels  and  nerves,  continuous  with,  but 
right  angles  to,  the  canals  in  the  modiolus.  AVinding  round 
OS,  in  the  base  of  the  spiral  lamina^  is  a  small  canal,  named 
nnal  of  the  modulus. 

a  tympani  (fig.  388,  3),  the  portion  of  the  tube  on  the  basal 
lamina  spiralis,  commences  at  the  fenestra  rotunda,  where  in 
state  it  is  separated  from  the  tympanum  by  the  secondary 
of  the  tympanum.  Close  to  its  commencement  is  the  orifice 
canal  (aqueductus  cochlea^-,  fig.  385,  9),  which  extends  down- 
inwards  through  the  substance  of  the  petrous  bone  to  the 
sa,  to  which  it  transmits  a  small  vein.  There  is  also  a  com- 
i  through  it  between  the  scala  tympani  and  the  subarachnoid 
e  scala  vestibuli  (fig.  388, 4)  is  rather  narrower  than  the  scala 
the  first  turn  of  the  cochlea  ;  it  commences  from  the  cavity 
ibnle,  and  communicates,  as  already  described,  with  the  scala 
the  apex  of  the  modiolus. 

THB   MKMBBANOUS  LABTBINTH. 

he  osseous  labyrinth,  and  separated  in  most  parts  from  its 
abrane  by  the  perilymph,  membranous  structures  exist  in 
iltimate  ramifications  of  the  auditory  nerve  are  spread.  In 
le  and  semicircular  canals  these  structures  have  a  general  re- 
in form  to  the  complicated  cavity  in  which  they  are  contained. 
iy  however,  lie  loose  within  the  osseous  cavity,  but  along  the 
fer  of  the  canals,  and  at  the  places  of  entrance  of  the  nerves 
Btibule  and  ampullar  are  fixed  to  its  wall.  In  the  cochlea 
anous  structures  complete  the  septum  between  the  seals 
itioned,and  enclose  an  intermediate  passage,  the  membranous 
t  cochlea.  As  before  stated,  the  liquid  contained  within  the 
8  labyrinth  is  distinguished  as  endolymph. 

which  oontainB  the  perilymph  oommunicates  through  the  sheath  of 
nenre  with  both  the  subdural  and  subarachnoid  spaces. 

JL, — ^Within  the  osseous  vestibule  are  two  membranous  saes^ 

o  o 


450 


THE   EAK. 


the  one  of  which,  termed  the  uirkh^  is  connected  with  th 
canals,  whilst  the  other,  the  mcaik^  is  connect€?tl  with  the  < 
two  soca  althoui^h  in  close  contact  do  not  open  directly  into  Q 
although  they  are  in  indirect  communication,  in  a  manner  j 
be  expliiiticd. 

The  larf^er  of  the  two  sacs,  the  common  sinus  or  utricle  (i 
is  of  an  ((bloiig  form,  slightly  flattened  from  without  inwi 
lodged  ia  the  upper  and  back  pait  of  the  vestibule,  occupyin] 
hemi-elliptica  and  the  space  innnediatcly  helow  tliig,  Opposii 
vestiboli  several  email  btunchea  of  the  auditory  nerve  ente 


Fig.  3D0. 


Fig.  390. — Plajt  or  fHi 
BtuKors  LABTunrrff  ' 

tHK  MESIXL   ASfSCf     \ 

«,  utride,  with  it«  b 
tliree  ^eniicircaJAr  csm 
ampntlie ;  «,  sacculo ;  aq, 
TCEtibuli ;  *.  e,  ncem  i 
ctiB  ;  r.  r.  catialia  ren&ki 
of  the  cochlea. 


I 


foramina  in  the  bom 
the  walls  of  the  con 
are  thicker  and  m< 

than  ekewhere  (mmula  acmfim),    A  small  mass  of  calcax^CM 

{otoliths  or  otomnia)  !ies  within  the  sac,  attaelied  to  its  walls  at 

These  otolitha  are  crystals  of  carbonate  of  lime,  rhombic, 

sij-sided,  often  pointed  at  their  extremities. 
The  ends  of  all  the  membranons  semicur^ular  Cimak 

utricle. 
The  small  vestibular  Tesiclc,  the  BdiConle  (fig,  3D0,  9).  is n 

spherical  than  the  common  sinus,  bat,  like  it,  is  somewhat  flat! 

saccule  is  sitnated  in  the  lower  and  fore  part  of  the  cavity  of  1 


j 


Pi^.  ^m. 
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Pig.  391.— llKMBRAIffOUS       LAM 
FERVOtTS      TWIOS      I>BTACaSEV 

^Breacliet). 

1%  facial  nerre  in  Um  1 
in  tern  ua  ;  /,  anterior  dir 
toFY  nerve  giving  bmncbe^ 
ntrkle  and  the  UDpnlbs  i 
and  external  canaU ;  f,  tertA 
of  the  auditorj  Derre,  g^rmga 
tbe  saccule,  nnother  to  tho  f 
pulla,  q^  and  a  third  (r)  to  tiw 
a,  6,  Cf  aropnUi^  of  the  fnped 
and  posterior  Kemictrcular  ti 
tirely  \  d^  the  united  put  j 
and  posterior  canals  ;  €^ 
utricle  ;  /,  tbe  saccule. 


.1 


vestibule,  close  to  the  <  _ 
the  scala  vo6tii>uli  of  the  c 
is  received  into  the  hoi 
fovea  hemifipherica^  from 
of  which  many  branches  of  nerve  enter  it,  and  here  1 ' 
macula  in  its  wall.    It  ako  cod  tains  a  small  mass  of  otolit 
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I  saccule  is  coonected  with  the  membranons  canal  of  the  cochlea 
^^  1  of  a  short  narrow  canal,  the  canalis  rmniens  of  Heusen  {e.  r.). 
||e  18  also  a  minute  canal,  lined  with  epithelium,  which  passes  from 
"  ntricle  along  the  aqueductus  vestibuli  to  end  blindly  in  a  dilated 
nmitj  (saccus  endo-ljmphaticus  {8.e,) )  on  the  posterior  surface  of  the 
IDDS  bone  just  below  the  orifice  of  the  aqueduct  and  lying  in  the 
■B  of  the  dura  mater.  This  canal  is  joined  near  its  origin  by  a  small 
•  from  the  saccule,  so  that  in  this  way  the  cavity  of  the  saccule  is 
pglit  into  communication  with  that  of  the  utricle  (Boettcher). 
huciBCULAB  Canals. — The  membraaoiui  Bemidrciilar  caiials 
from  one-third  to  one-fifth  the  diameter  of  the  osseous  tubes  in  which 
f  mie  lodged,  and  are  dilated  into  ampullsB  within  the  ampullary  en- 
gements  of  those  tubes.  In  section  thej  are  oval  or  somewhat  elliptical 
L  892).  At  the  ampullae  they  are  thicker  and  less  translucent  than 
iie  rest  of  their  extent,  and  nearly  fill  their  bony  cases.  That  part  of 
h  which  is  towards  the  concavity  of  the  semicircle  of  the  canal  is  free  ; 
Ikfc  the  opposite  portion  is  fixed  to  the  wall  of  the  bony  canal ;  in  the 
pnlla  this  part  is  flattened  and  receives  branches  of  nerves  and  blood- 
ids,  and  on  its  inner  surface  is  a  transverse  projection,  (crista  acustica) 
ieh  partly  divides  the  cavity  into  two. 

inUtocy  nmrve. — Within  the  internal  auditory  meatus  the  auditory 
!f6  divides  into  two  branches,  which,  broken  up  into  minute  filaments, 
ft  ihiongh  the  perforations  of  the  cribriform  plate  which  separates  the 
■fens  from  the  internal  ear,  and  are  distributed  respectively  to  the 
Uea  and  vestibule.  In  both  branches,  as  well  as  in  the  trunk,  there 
\  numerous  nerve-cells.  The  superior  division  (fig.  391,  /),  which 
It  first  also  anterior  in  position  and  is  separated  by  a  crest  of 
tie  from  the  other  division  below  it,  gives  off  three  branches,  which 
loeed  respectivelv  to  the  utricle  and  the  ampullae  of  the  superior  and 
aemal  semicircular  canals,  entering  the  vestibular  cavity  in  a  group 

a  the  crista  vestibuli.  The  inferior  division  on  the  other  hand  (f), 
is  at  first  behind  as  well  as  below  the  vestibular  division,  gives 
\  besides  the  numerous  fibres  which  enter  the  cochlea  by  the  tractus 
SMDinnlentus,  a  branch  for  the  saccule — which  enters  the  vestibule 
a  small  group  of  foramina,  which  open  at  the  bottom  of  the  fovea 
Buspherica — and  the  branch  for  the  posterior  semicircular  canal 
dell  is  long  and  slender,  and  traverses  a  small  passage  in  the  bone 
hind  the  foramina  for  the  nerve  of  the  sacculus.  The  nerves  of  the 
ifNiIlae  enter  the  flattened  or  least  prominent  side  of  the  ampullar, 
me  they  each  form  a  forked  swelling,  which  corresponds  with  the 
ritt  acofiticay  in  the  interior  of  the  dilatation.  No  nerves  have  beer 
md  extending  to  any  other  parts  of  the  semicircular  canals. 


r<MMls  of  thm  labyrinth.— The  internal  auditory  artery ,  a  branoh  of  the 
Ihr,  aooompanies  the  auditory  nerye  in  the  internal  aaditory  meatus,  and 
Idfli  into  brancheB  for  the  vestibole  and  oochlea.  Those  of  the  yestibale  supply 
BMrnhnnoiiB  labyrinth  and  the  endostenm.  and  small  vessels  ensheathed  by 
ou  tiflBoe  pass  across  the  cavity  containing  the  perilymph.  The  blood  is  chiefly 
acted  into  the  internal  aaditory  veins  which  accompany  the  artery  and  open 
» tlie  inferior  petrosal  or  the  transverse  sinus,  but  some  is  conveyed  to  the 
■ior  petrosal  sinus  by  fine  veins  in  the  aqueductus  vestibuli. 

llrHetnre  of  tlie  mamliraaoiui  labyrinth. — Three  layers  can 
listiiigaished  in  the  membranous  walk  of  the  semicircular  canals,  an 
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Fig.    302.—SECTIOR   OF  Olfl  of  THI   HUMAir  UXIOXKCULAR  CAXALS  (BodUfi 

llAOiririKi). 

1,  ofwoous  wall ;  2,  fibroas  bands  witb  included  blood-Temels,  united  at  3  « 
periosteum ;  4,  niembranons  canal  with  its  three  layers  ;  5,  short  filmios  fan^ 
intorrening  spaces)  uniting  the  membranous  canal  firmly  to  the  periosteum  ;  9,  i 
its  outermost  layer  with  the  periosteum. 


Pig.  393. 


Fig.  393. — Sectioit  of  mexbrasocs  skmicibcdlar  cahal,  much  maosxfio  9mB 

1,  cater  fibrous  layer ;  2,  tunica  propria  ;  3,  6,  papilliform  projectioat  vilk  ^ 
coT«ring  ;  5,  fixed  side  of  the  canal,  with  rery  thin  tunica  propria  vith0«l  P§ 
7.  fihrow  buds  pMung  to  periosteum. 
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Br  fibrous  stratnm,  an  inner  epithelial  lining,  and  between  the  two  a 
■n  propria.  These  layers  are  not  of  equal  thickness  throughout,  for 
mg  the  side  which  is  in  contact  with  and  supported  by  the  bone 
•  392,  C),  they  are  thinner  than  at  the  rest  or  the  circumference, 
to  they  lie  free  and  are  bathed  by  the  perilymph.  The  difference  in 
skness  affects  the  fibrous  layer  and  the  tunica  propria  only,  for  the 
Hielium  forms  throughout  alining  of  simple  flattened  cells. 
the  fibrous  layer  (fig.  89|J,  1),  which  contains  some  irregular  pigment- 
h,  is  appBurently  composed  of  ordinary  fibrous  tissue,  similar  to  that 
tiie  periosteum,  with  which  it  becomes  continuous  at  the  parts 
oe  the  two  structures  are  in  contact.  It  is  especially  developed  at 
I  ends  of  the  oval  section,  whence  well-marked  bands  of  fibrous 
ne  pass  to  the  periosteum  (fig.  89j,  7).  More  delicate  bands  of 
BOOS  tissue  traverse  the  perilympn  to  oecome  connected  with  the  peri- 
eom  of  the  opposite  wall  of  the  canal  (fig.  892,  2).  Both  along  these 
ids  and  also  more  directly  from  the  contiguous  periosteum,  numerous 
■U  blood-vessels  pass  into  the  fibrous  layer  and  there  break  up  into  a 
ne  capillary  network,  the  brauches  of  which  do  not,  in  man,  pass  into 
» timica  propria. 

The  tunica  propria  is  a  clear  membranous  structure  continuous 
mnd  the  whole  tube,  although  thinning  off  very  much  opposite  the 
rt  where  the  membranous  canal  is  in  contact  with  the  bone  (fig. 
8, 5).  Externally  it  is  not  very  distinctly  marked  off  from  the  fibrous 
ifc  :  internally  it  has  a  number  of  papilliform  eminences  (fig.  898,  8, 
I  which  project  into  the  interior  of  the  canal  except  at  the  thinnest 
rt  (Biidinger). 

The  epithelial  lining  takes  the  form  of  a  complete  layer  of  flattened 
Ik,  which  in  the  human  semicircular  canals  are  of  the  same  nature 
roo^out. 

bi  many  of  the  lower  animala — birds  and  fishee — some  of  these  lining  cells  are 
nmnar,  while  in  one  species  of  fish,  (Salmo  hucho),  as  described  by  Rtldinger, 
net  along  the  whole  length  of  each  canal  becomes  deyeloped  into  two  rows  of 
inded  cells,  from  each  of  which  a  long  filament  extends  to  the  waU  of  the 
lal  in  a  direction  transverse  to  the  axis. 

The  meaning  of  these  modifications  of  structure  is  unknown.  No  nerves  have 
herto  been  seen  proceeding  to  the  parts  in  question  ;  but  they  apparently 
nsent  the  much  more  developed  peculiarly  modified  epithelium  which,  as  we 
iQ  immediately  see,  is  found  in  the  ampulla  and  in  the  saccule  and  utricle 
losite  the  parts  where  the  branches  of  the  auditoiy  nerve  enter,  and  which 
I  the  ultimate  terminations  of  those  nerves. 


Hie  ampulte,  as  well  as  the  saccule  and  utricle,  agree  generally  in 
netare  with  the  semicircular  canals  :  but  at  the  part  where  thev  are 
mected  to  the  osseous  wall  the  fibrous  outer  layer  is  looser,  and  the 
Ilea  propria  is  much  thickened,  and  in  the  ampullsB  projects  into 
\  cavity  as  the  septum  transversum  or  crista  acustica,  before  mentioned. 
rough  the  substance  of  this  thickening  the  nerve-fibres  pass  to  the 
pe  of  the  ridge,  and  over  it  the  epithelium  is  of  an  elongated  columnar 
m  (fig.  894),  and  is  surmounted  by  long,  conical,  gradually  tapering 
ments  (auditory  hairs  (h)),  which  project  stiffly  into  the  cavity. 
eae  hairs  are  borne  by  the  columnar  epithelium-cells,  a  single  hair 
jecting  fix)m  each  cell,  but  under  the  influence  of  reagents  they  are 
to  become  broken  near  the  base,  and  this  splits  up  into  fine  fibrils 
ich  then  appear  as  a  bunch  of  cilium-like  filaments  attached  to  the 
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free  border  of  the  cell  (fig.  895,  A,  K).  The  columnar  cellB,  or  Im 
do  not  extend  down  to  the  basement  membrane,  but  terminate  Ai 
this  in  a  somewhat  pointed  extremity.  They  are  directly  connech 
this  extremity  with  branches  of  the  nerve-fibres  which  penetrate  b 
epithelium  (fig.  895,  n).  This  connection  has  been  described  bjB 
in  reptiles  and  there  is  little  doubt  it  obtains  in  all  vertebrates. 

Fig.  894. 


Fig.  394.  ^Longitudinal  SBonoir  of  an  avpulla  through  thx  cbista  agc 
Sexi-diagramxatio  ( B.  a.  S. ). 

amp,  cavity  of  the  ampulla  ;  9C.  c,  semicircular  canal  opening  out  of  it ;  e^  M 
tissue  attached  to  the  wall  of  the  membranous  ampulla  and  traversing  Uie  p« 
t  Cf  flattened  epithelium  of  ampuUa ;  A,  auditoiy  hairs  projecting  from  the  oolui 
of  the  auditory  epithelium  into  the  cupula,  cup.  term.  ;  v,  a  vaacula  itria  mri 
limit  of  the  auditory  epithelium  on  the  crista  ;  n,  nerve-fibres  entering  tlw  bn 
crista  and  passing  into  the  columnar  cells. 

Between  and  beneath  the  columnar  cells  other  cells  are  met 
a  diflferent  character.  They  take  the  form  of  long  and  compK 
rigid  fibres  {fibre-cells  of  Retzius)  which  extend  throngh  Um 
thickness  of  the  epithelium,  and  are  provided  at  one  part  c 
course  with  u  nucleated  enlargement.  1  his  is  always  placed  be 
columnar  cells,  and  in  many  it  is  close  to  the  central  end  of  tl 
The  fibres,  which  are  probably  sustentacular  in  function,  like  ti 
of  Milller  in  the  retina,  expand  slightly  as  they  approach  the  i 
face,  and  appear  to  become  attached  to  a  cuticolar  stracton 
encloses  the  ends  of  the  hair-cells  and  is  thus  comparable  to  the  i 
lamina  of  the  cochlea  (Urban  Pritchard).  On  the  other  hand  tl 
are  set  by  their  central  ends  upon  a  limiting  membrane  wbioh 
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Z'tbelinm  next  to  the  tunica  propria,  and  which  appears  in  section 
e  bat  well-marked  line. 

iHmiti  of  the  auditory  epitheliTun  at  the  sides  of  the  crest  appear  to  be  marked, 
rt  in  the  human  ampnlls,  by  a  prominent  vascular  stria  (fig.  394,  r)  (E.A.S.). 


Fig.  895. 


95. — ^AUDITORT  KPITHELIUM  FROX  THE  MACULA 
mCA  or  TBI  8ACCULS  OF  A  ESPTILK  (Rctaus). 
■LT   XAGSIFIID. 

cnlnmnar  cells  ;  //,  fibre-cells ;  n,  nerve-fibre, 
ito  mednUiTy  sheath  and  passing  to  terminate  in 
luBBir  auditory  cells ;  A,  auditory  hair ;  h'^  base 
itaiy  haixB»  split  up  into  fibrils. 


ttoditoxy  hairs  were  first  noticed  by  Max 
■e,  and  were  belieyed  at  first  to  be  connected 
lie  elongated  cells  and  not  with  those  of  a 
Bjur  ahape.  Their  true  relations  were  pointed 
Betzins,  and  in  this  matter  my  own  observa- 
in  the  fish  and  in  man,  entirely  coincide  with 
^hen  the  cells  are  isolated  after  preservation 
jc  Acid,  the  separated  colnmnar  cells  are  alone 
anted  by  anditoiy  hairs,  whereas  the  elongated 
»diate  ceUs  are  not  provided  with  anditoiy 
ata.  Urban  Pritchard  has  rightly  figured 
■nfltentacolar  cells  in  the  cat  as  expanding 
le  so-called  reticular  lamina,  but  his  descrip- 
vf  their  continuity  with  auditory  filaments  is  not  borne  out  by  subse- 

investigations.  It  is  worthy  of  note  that  the  auditory  hairs  do  not 
t  freely  into  the  endolymph  of  the  ampulla,  but  into  a  soft  material  which 
m  dome-like  shape  (cupula  terminalis,  Lang),  and  appears  to  possess  an 
inccly  fibrillar  structure.  It  is  not  possible  therefore  to  suppose  that  the 
can  be  set  in  vibration  singly,  but  whatever  movements  are  communicated 
)  endolymph,  must  affect  the  whole  cupula  and  aU  the  hairs  embedded 
[BJLS.). 

\  foregoing  description,  although  referring  more  particularly  to  the  characters 
» epithelium  and  mode  of  nerve-distribution  in  the  cristae  acustica3  of  the 
Ujb,  is  equally  applicable  to  the  maculaa  acusticse  of  the  saccule  and  utricle, 
lerres  which  are  supplied  to  the  maculae  seem,  however,  to  spread  out  more 
those  to  the  ampulls.  As  before  mentioned,  both  saccule  and  utricle 
in  in  their  cavity  and  lying  in  contact  with  the  nerve-epithelium  a  little 
of  otoliths,  which,  however,  do  not  float  free  in  the  fluid,  but  appear 
ded  in  a  soft  matrix  which  ag^n  may  be  enclosed  in  a  delicate  cuticular 
mentb  Otoliths  are  also  found  scattered  here  and  there  in  the  ampulhc  and 
scalar  canals. 

THLEA. — ^The  memteaiums  cochlea  resembles  the  membranons 
ircnlar  canals  just  described  in  consisting  of  a  tube,  lined  by 
£iim  and  containing  endolymph,  partly  surrounded  by  a  clear 
containing  perilymph,  but  it  differs  from  them  both  in  shape  and 
5  modifications  presented  by  its  epithelial  lining.  In  macerated 
lenSy  the  two  parts  into  which  the  osseous  tube  of  the  cochlea  is 
d  are,  it  will  be  remembered,  only  imperfectly  separated  by  the 
a  spind  lamina  which  j^rojects  from  the  columella  ;  but  in  the 
ipecimen  the  tube  is  separated  completely  into  three  distinct  parts 
pjitk  of  two  membranes,  which  extend  along  its  whole  length  (figs. 
»  296).  In  the  first  place  the  lamina  spiralis  is  directly  prolonged 
omiMyratiTeiy  strongs  well-marked  membrane,  the  basilar  membrane 
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{^^.  WSy  b)y  which  gtretches  straight  across  to  the  onb 
cochlea,  and  is  here  connected  to  im  inward  projection  of  I 
ostt^iim  and  Bub -periosteal  tissue  known  as  the  sjnrat 
The  basilar  membrane  thus  helps  to  complete  the  api»r*  1 


Fig.  39«. 


Fig.  S&7. 


Fig.  336.— LirT  oocoitiA  or  a  gbild  soats  wi&is  old  (Edduff). 

The  drawing  was  taken  fmm  a  spccimcti  which  had  hcen  pTceerTod  in  rioAd 
afterwards  dried  ;  a  section  is  made  so  aa  Ui  Fihow  the  lataina  cpinli%  i 
cocbli!ar  canal  in  each  of  tho  thr&c  (wils  :  the  membmnauii  gjiiral  Uuizia  lA  pcM 
the  iipfMiiirances  connected  with  the  oi^n  of  Corti,  ^c,  have  been  Inst  fifl 
/  j:*,  fonestra  rotunda  with  ita  membrane  ;  #  ^,  scala  tyropani  \  * 
JamiQA  BpLrali^  j  /i,  bimulua ;  c  c,  eaualis  cochlcie ;  if.  opGSung  of  , 
COChl6«9* 


acala  fHlJ 


Pig.  39 7»— Vertical  skction  or  th»  oo€HLKa  ot  A  fcrtal  calf  (KWSk 

In  this  spec im en  the  cirtermil  wall  was  osaified,  but  the  modiolus  and  fpil 
was  Btiil  mrtilaginous  ;  the  act-tioii  shows  in  eaeli  part  of  the  cochlear  Uh 
Bcoliu  with  the  intermediate  camdis  cochiesc  and  lainina  i^ptralia. 


IQC^fl 


scala  tjmpani  (ST),  bet  does  not  properly  speakiog  enter  in 
boundary  of  the  scala  rcstiljidi,  for  a  second,  much  more  delical 


Fig.  308. 
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Fig.  39a— S«cTco>  nm 
OP  TEK  oocLs  or  th 
niAGRAiCMATio  (alta 
Henle),     ^ 

S  T^  scala  tyropaai ;  i 
yeatibuli ;  C  C^  ca&alii  m 
membntne  of  Eeiaraer  fi 
TevtitmlarwaU  ;  /^mlaol 
osaea :  Us,  limbuskmn 
9  #,  BiiJcus  apinUia  ;  n  i 
ncne  ;  3  s,  ganglloD  i 
meiubrana  tcct^tria ;  iv  : 
basilaria  ;  CAn»U«iOa 
Ugtuaentom  spuale, 


*  To  avoid  repetition  it  may  hero  be  states!  that  for  oonTcnieti^  1 
k  conaidered  in  tlie  present  ilescription  as  having  its  larger  part  at  btt 
the  domed  extremity  upfienoost^  although  of  course  this  la  fiir  horn         ^ 
position  of  the  parts  wbiUt  within  the  body.     Moreover,  paiia  tiea(C;r  ibfieeS 
i^ken  of  m  inn€r  ;  \>iii\&  nearer  the  eiterual  waU  :^  ouci^. 
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n  known  as  the  membrane  of  Reissner  (R)  passes  firom  the  npper 
Bof  the  lamina  a  h'ttle  distance  from  its  end,  and  stretches  obliquely 
Kris  and  outwards,  also  to  become  connected  with  the  lining  pen- 
^PA.  The  obhque  direction  of  the  membrane  of  Reissner  causes  a 
IJMTilnr  space  to  be  shut  off  between  it  and  the  basilar  membrane, 
UiB  boonded  externally  by  the  outer  osseous  wall  of  the  coclilea 
fi  by  periostenm  :  and  this  space,  extendin<(  throughout  the  whole 
li  of  the  osseons  tube,  and  lined  throuprhout  by  an  epithelium 
■  r  modified  in  different  parts,  is  known  distinctively  as  the  cufial 
""  d,  canalis  membranaceus,  or  difdifs  cochlear  is  (figs.  397,  31>8, 
i  400,  DC).  It  terminates  in  a  blind  pointed  extremity  at  the 
1  another  at  the  base.  Tliat  at  the  apex,  extending  beyond 
tins,  is  fixed  to  the  wall  of  the  cupola,  and  partly  bounds  the 
> ;  that  at  the  base  fits  into  the  angle  at  the  commencement 
I  oneong  spiral  lamina  in  front  of  the  floor  of  tlie  vestibule.  Near 
I  blind  extremity  the  canal  of  the  cochlea  receives  a  small  canal, 
with  epithelium,  canalis  reuniens  (Hensen),  which  is  continued 
I  the  saccule  of  the  vestibule  like  the  neck  of  a  flask,  and  enters  the 
Ml  of  the  cochlea  abruptly  nearly  at  a  right  angle  (fig.  390,  cr).  The 
vity  of  the  canal  of  the  cochlea  is  thus  rendered  continuous  with  that 
the  saccule.  The  structures  which  are  found  up<m  the  floor  of  this 
Ul^-wound  triangular  canal  of  the  cochlea  claim  more  particular 
hntion,  for  it  is  to  them  that  the  branches  of  the  cochlear  nerve  are 
rtribnted,  and  upon  them  the  function  of  the  cochlea  as  a  part  of  the 
ditory  apparatus  appears  more  especially  dependent. 
The  floor  itself  of  the  cochlear  canal  is  formed  of  a  narrow  portion  of 
IB  spiral  lamina  external  to  the  membrane  of  Reissner,  and  of  the  basilar 
cmorane.  In  the  macerated  specimen  this  part  of  the  lamina  thins  off 
Bidiially  to  a  fine  edge  like  the  blade  of  a  knife,  but  in  the  recent  con- 
ition  (fig.  398,  Us)  it  retains  its  thickness  for  some  distance  (or  even 
diibits  a  slight  increase),  and  then  al>niptlv  tenuiuates  with  a  border 
luch  in  section  is  G-shaped,  with  the  lower  liqib  of  the  C  much  more 
nionged  and  tapering  than  the  upper.  The  lower  limb  is  in  fact  the 
sction  of  the  end  of  the  osseous  lamina,  together  with  a  thin  mem- 
mons  layer  which  covers  it,  and  which  is  directly  prolonged  into  the 
Hilar  membrane.  This  membrane,  as  well  as  the  whole  thickened 
pper  part  of  the  edge  of  the  spiral  lamina,  not  being  ossified,  disappears 
I  the  process  of  maceration.  The  thickened  part  (tig.  398,  Us\  with  its 
mewhat  overhanging,  crest-like  end  (fig.  400,  6V),  is  ^own  as  the 
mbm  of  the  spiral  lajnina,  and  the  groove  wliich  it  overhangs,  and 
hkdi  in  section  is  represented  by  the  bay  of  the  0,  is  known  as  the 
mralffroove  (fig.  398,  sSy  fig.  400, '/S'.  sp.  »). 

The  tissue  of  which  the  limbiui  is  composed  seems  to  be  a  form  of 
sinective  tissue.  Towards  the  under  and  inner  part  there  are  numerous 
ipnscles,  and  the  texture  is  fibrous,  but  above  and  near  the  crest  few 
no  connective  tissue  corpuscles  are  met  with,  but  the  tissue  has  a 
Imnnar  aspect  with  somewhat  regularly  arranged  nuclei.  The  fibrillated 
me  is  prolonged,  as  just  intimated,  beyond  the  osseous  lamina,  into 
e  basilar  membrane.  Near  its  tennination,  close  to  the  junction  with 
e  basilar  membrane,  it  is  perforated  with  a  number  of  regularly-arranged, 
moated  apertures  (fig.  399,  /?),  wliich  serve  for  the  transmission  np- 
udfl  of  the  ner\'e-fibres.  The  latter,  in  their  course  from  the  spiral 
nglion  to  the  auditory  epithelium,  are  lodged,  as  far  as  this,  in  canals 
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in  the  lower  osscoua  part  of  the  spiral  lamina.     Their 
be  aftenvarclfl  more  fully  descril^ed, 

When  the  limljiis  is  viewed  from  above,  the  edge  i«  fleen  to 
8uce^s*imi  of  tooth-like  pro jeetious  (^^.  31V,),  CV),  which  give 
aspect.  These  projections  are  coiitinuoii  as  flatteued  emineni 
distance  on  the  npf)er  surface  of  the  limbim,  which  is,  thereJi 
smooth,  at  least  !iear  the  edge,  hut  marked  iq  this  way  with 
and  intervening  farrows.  Nearer  the  line  of  origiu  of  the  in< 
Reiaaner,  it  becomes  smoother,  and  liere,  too,  its  epithehal 
which  is  directly  contintioas  with  that  of  the  imder  surface  of 
membr<iiie,  is  evenly  tiifitributcd  ;  whereas  at  the  crest  itself  the 
cells  are,  in  the  adult,  only  fonnd  in  the  furro\v8  :  so  that  the  to 
prominences  project  between  the  rows  of  epithelium  into  the  < 
canal.  Immediately  below  the  overhanpng  projections,  the  epi 
again  fonns  a  layer  which  lines  the  spirafl  groove,  and  is 
externally  with  tlie  specialized  cells,  presently  to  be  described 
the  organ  of  Corti. 

The  1>a8ilar  memhraiia  stretches,  as  before  mention 
between  the  osseous  lamina  and  the  spiral  ligament,  and 
canal  of  the  cochlea  from  the  scala  tympani.     It  increases 
at  first  rapidly  but  afterwards  more  gradually,  from  the 
apex  of  the  cochlea,  while  the  breadth  of  the  osseous  gj 
diminishes.    Thus  in  the  first  turn  of  the  cochlea,  this  membni 
about  half  of  the  breadth  of  the  septum,  meaning  about  0.041  j 

Fig.  S99. 


4.0.    Lr. 


Pig.  899. — Sexi-diagrammatio  viiw  of  past  or  thk  ia-u  ai 

OF  conn   OF  THB    BABBIT,  FROM   ABorE   AKD   TB«  61I>K.        Mu 

/,  limb  US  ;  Cr,  extremity  or  crest  of  Hml^aa  witli  tootib-Uke  projectio 
meml^Taiie  ;  spJ,  spiral  liiTuina  with,  p,  fjerforatians  for  tmnamuBiioti 
Id  the  lower  half  of  the  i«irt  of  the  itpiml  lamina  here  icpreoented  1 
left,  and  are  supposocl  to  be  seen  through  tho  upper  layer  of  thAt  lai 
three  of  Ihe  i>erfomtions ;  below,  in  the  Bcijtion  of  the  lamina,  they  a 
aoAnal,  or  deft,  in  the  oeseous  substance;  r.r,  fifteen  of  the  iu  __  _,_ 
A»*,  their  flatten&l  heads  seen  from  above  ;  t.r,  nine  outer  rods  of  Corii  i 
headst  with  the  phalangeal  prcce&sea  extendi] np  outMrarcl  from  them  and  fa 
the  two  rows  of  phalangeal,  the  lamina  wiu  uluris,  Ir.  On  the  left  of  the  fifV 
neetiTe  tiauo  fibres  and  iindoi  of  the  undermost  layer  of  the  b«ular 
seen  through  the  npper  layera.  Portions  of  tho  b&ailar  procease*  of  tbe 
remain  attached  her«  and  there  to  ihe  membrane  at  tMs  pAit, 
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pjl  the  apex  of  the  cochlea,  the  proportion  between  the  two  parts  is 
f/jtd,  until,  near  the  heUcotrema,  the  membranous  part  is  left  almost 
'■ported  by  any  plate  of  bone,  measuring  as  much  as  0*495  mm.,  or 
[tirelve  tmies  as  much  as  at  the  base  (Hensen).  The  exact  nature  of 
composing  the  proper  substance  of  the  membrane  is  unknown, 
obaoly  analogous  to  that  composing  the  rods  of  Corti,  to  be 
described.  It  is  somewhat  stiff  in  consistence,  and  maj 
'  be  broken  up  into  straight  fibres  which  have  a  radial  direction, 
"Ing  with  a  striation  which  the  membrane,  especiallj  its  outer 
its  when  viewed  on  the  surface  (fig.  399).  Extemallj  at  its 
it  to  the  spiral  hgament,  it  breaks  up  into  diverging  fibres, 
i  qxread  into  that  projection.  On  the  upper  surface  of  the  mem- 
is  the  epithelium  which  forms  the  organ  of  Corti,  and  the  single 
[of  cells  which  is  continued  fi-om  this  externally  (fig.  400):  on  the 
msrSeuce  it  is  covered  bj  a  layer  of  connective  tissue  (often  de- 
88  part  of  the  membrane),  the  fibres  of  which  have  a  direction 
witn  the  spiral,  and  across  that  of  the  fibres  of  the  membrane 
|8r.  There  are  numerous  intermixed  spindle-shaped  corpuscles  in 
[linnnr^  which  is  in  continuity  with  the  lining  periosteum  of  the 
i  l^mpani  (fig.  399).  Small  blood-vessels  are  found  in  it,  but 
^CDle  extending  only  over  the  inner  part  of  the  membrane.  Thej 
pnally  terminated  by  a  rather  larger  longitudinally  running  vessel, 
ted  opposite  the  outer  rods  of  Corti,  and  known  as  the  vas  spirale. 
he  »«ato8iia  of  Beissner  (figs.  398,  400,  R),  separates  the  scala 
ibiili  from  the  canal  of  the  cochlea.  It  is  composed  of  an  exceedingly 
ate  layer  of  connective  tissue  continuous  with  the  lining  periosteum 
le  8cala  vestibuli,  and  is  covered  on  the  surface  which  is  turned  to 
'  canal  with  a  simple  pavement  epithelium  which  is  in  con- 
below  with  the  epithehum  of  the  Umbus  and  above  with  that 
the  outer  wall  of  the  canal  (fig.  400).  The  cells  have  each  a 
flattened  nucleus,  and  not  unfrequently  contain  fat  droplets. 
fcibular  side  of  the  membrane  of  Reissner  is  quite  smooth,  and  is 
with  an  epithelioid  layer  of  flattened  connective-tissue  cells, 
odiable  from  the  epithelial  cells  on  the  other  side  by  their 
delicacy  of  outline,  and  their  larger  size.  A  few  blood-capil- 
are   continued    into    the    membrane    from    the    neighbounng 

rwmllof  tlie  oochlear  canal. — The  periosteum  which  lines 
■oala  vestibuli  and  scala  tympani,  consists  of  ordinary  connective 
•l  There  is  no  continuous  lining  of  flattened  cells  on  the  free 
lOB^  sach  88  covers  the  suiface  of  serous  membranes.  On  the 
r  hand  the  periosteum  which  bounds  the  canal  of  the  cocMea 
naDy,  is  much  thickened  by  a  development  of  retiform  connective 
B,  and  is  covered  by  the  epithelium  of  that  tube,  which  here  forms  a 
e  layer  of  cubical  or  columnar  cells,  many  of  which  contain  pigment, 
e  is  usually  a  sh'ght  inward  projection  a  little  above  the  spiral  liga- 
^  containing  a  prominent  blood-vessel  (fig.  400,  L.  sp.  a).  In  the 
between  this  prominence  and  the  membrane  of  Reissner,  the  sub- 
e  of  the  periosteum  is  also  frequently  pigmented,  and  from  con- 
ig  large  and  numerous  blood-vessels,  the  capillary  loops  of  which 
>ven  project  between  the  bases  of  the  epithelium-cells,  is  termed 
vascularis  (St.  v.).  Immediately  beneath  the  epithelium  of  the 
wall  is  a  basement  membrane,  through  which,  in  section,  cell- 
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processes  may  here  and  there  be  seen  passing  into  the  4 
the  9ubjaa.^iit  connective  tissue* 

The  spizsl  ligament  (fig,  400,  L^p)  appeaim  in  secdatj 
angular  promineuce  attached  to  the  outer  wall  of  the  cochla^^ 
baJBilar  lucmbraDe  prolooged  &om  Hs  apex.    It  is  composed  of  li 
connective  tisBue,  many  of  the  cells  of  which  have  an  elongi  " 
and  radiate  from  the  point  of  attachment  of  the  bagilar 
The  J  have  been  considered  by  some  to  he  mnscular,  bnt  i 
distinct  proof  of  their  coutractOe  nature. 

Fig.  loa 


Fig.  400. — Vertigo  section  of  thb  first  turn  of  thk  ooohlra  of  a  ei 

TEAR   AND  A   HALF   OLD.       100  DIAMETERS  (Waldejer). 

SVf  Bcala  vestibuli;  ST^  scala  tjrmpani ;  DC,  duct  or  canal  of  tbe  eodika; 
L.sp.o^  vestibular  and  tympanal  layer  of  the  osseous  spiral  lamina  wHh  tbeik 
nerre-fibrcs,  A',  between  ;  a,  a,  outer  bony  wall  of  the  cochlea  ;  b,  b,  and  d,  pA 
€f  e,  connective  tissue  thickening  forming  at  L.Sp,  the  spiral  ligament;  8L 
vascularis  ;  L.Sp.a^  prominence  known  as  the  accessory  spiral  ligamenif  ^pi 
spirally  running  blood-vessel,  the  vas prominens ;  S.sp.i.,  spiral  groore  (innei); 
so-called  txtemal  spiral groot'c  ;  B,  R^^  section  of  Reissner's  membrane^  Umm 
indicated  only  by  a  dotted  line  ;  from  J^  to  CV.,  limbus  lamina  spiralis  ;  if.t,  ■ 
tectoria,  somewhat  raised  up  from  its  natural  position  ;  /-— p,  oigan  ol  Oorti ;  i 
turning  up  to  enter  epithelium ;  y,  inner  hair-cell  region  ;  A,  rogion  of  tkt  til 
cells ;  If  basilar  membrane  underneath  rods  of  Corti. 
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M  0¥  CoRTi. — The  epithelituD  which  covers  the  basilar  mem- 
miires  a  careful  description,  including  as  it  does  the  highly- 
BQ  stmctures  which  are  known  by  the  name  of  the  organ  of 
TThe  central  part  of  this  apparatus  is  formed  by  two  sets  of  stiff, 
bodies — the  inner  and  outer  rods  of  Corii  (figs.  401,  402) — 


401. — Sicnov  OF  THE  OBOAJi  OF  CORTI  OF  THE  Doo  (from  Waldeycr).     •^. 

,  mid  of  spiral  lamina ;  6,  c,  middle  (homogeneous)  layer  of  the  basilar  membrane ; 
Bidar  (striated)  layer ;  t%  tympanal  (connective  tissue)  layer ;  d,  blood-vessel  ; 
■in  spiral  lamina  ;  fft  epithelium  of  spiral  groove  ;  A,  nerve- fibres  passing  towards 
yr-eeUs,  i,  Ir ;  /,  auditory  hairlets  on  inner  hair-colls  ;  /,  t,  lamina  reticularis  ; 
ilol  tiie  rods  of  Corti,  jointed  together ;  the  inner  rod  is  seen  in  its  whole  length  ; 
hr  one  is  broken  off  half  way,  and  the  next  one  comes  into  view  ;  n,  ceU  at  base  of 
Rd ;  p,  q,  r,  outer  hair-cells ;  s,  a  cuticular  process  extending  upwards,  and  pro- 
fc*'w»g''«g  to  a  cell  of  Deiters ;  t,  lower  ends  of  hair  ceUs  ;  two  of  them  are  attached 
hilar  prooesses  to  the  basilar  membrane  ;  w,  a  nerve-fibril  passing  into  an  outer 
fl ;  f,  a  sustentacular  cell  of  Deiters. 

t  stand  upon  the  basilar  membrane,  the  outer  series  (e,r.)j  at  some 
distance  from  the  inner  (t.r.),  and  are  inclined  towards  each  other, 
ig  in  contact  above.  In  this  way  each  pair  of  rods  forms  a  pointed 
nith  slanting  sides  (fig.  402),  and  since  the  rods  of  each  series  are 


Fig.  402. 


Fig.   402.— A    PAIB    OF  ROM    OF 

OOBTI,      FBOX       THE  RABBIT^S 

COCHLEA,  IB  SIDE  VIEW.  (B.A.S.) 
HlOHLT  XAGKIFIED. 

bf  bf  basilar  membrane  ;  t.r, 
inner  rod ;  e.r,  outer  rod.  The 
nucleated  protoplasmic  masses  at 
the  feet  are  ahK>  shown. 


bond  juxtaposition,  the  double  row  of  inchned  columns  forms  a 
1  (fig.  899)  along  the  whole  extent  of  the  cochlear  canal. 
ihe  inner  side  of  the  inner  series  of  rods  is  a  row  of  epithelial  cells 
101,  0>  which  are  surmounted  by  a  brush  of  fine,  short,  stiff  hairlets. 
Eternal  to  the  outer  rods  are  thiee  or  four  successive  rows  of  similar 
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but  more  elongated  cells  {p^  q,  r).     These  cells  are  termed  i 
the  inmr  and  ouier  hair<elU.    The  hairlets  of  the  outer  1 
jeet  through  apertures  in  a  curiously  formed  cnticolar  memb 
the  reticular  lamina  (899,  l.  r.),  which  covers  this  part  of  thei 
Corti  like  a  wire  net.    On  either  side  of  the  two  sets  of  \amA 
epithelium,  'becoming  gradually  shorter,  passes  oontinaoiidf  il 
smiplc  layer  of  cubical  cells  which  is  found  in  the  spinil  gnmi^ 
the  lateral  part  of  the  basilar  membrane. 

The  whole  organ  is  further  covered  by  a  thick,  fibrillated  \ 
— ^the  tectorial  membrane  (fig.  400,  M.t.) — which  is  attached  at  i 
to  the  upper  surface  of  the  limbus,  falls  over  the  crest,  and  reriii 
rods  of  Corti  and  the  hair-cells,  thus  converting  the  spiral  gmi 
a  canal.    It  will  be  necessary  to  describe  more  minutely  tbni 
parts  of  the  organ  of  Corti. 

Bods  o£  Corti. — The  inner  and  outer  rods  of  Corti  dilfierll 
another  in  shape,  although  agreeing,  for  the  most  part,  as  r^ 
details  of  their  structure.  Each  inner  rod  may  b^  best  on 
shape  to  a  human  ulna,  the  upper  end  of  the  rod  being  pretty  i 

Fig.  408. 


Fig.  403. —Profile  view  of  ah   nrNSB  ahd  ak    outi»  sod   is 

THRU    HAIR-CXLLS,    AKD    PART  OF  THK  LAMIKA     RSTIG17LASI8   (FBOX  BD 

iq).  (E.A.S.)  Vert  hiohlt  xaonified. 
i.r,  inner  rod  ;  e.r,  outer  rod  ;  Ap  A,,  7t,,  hair- cells  of  first,  seoond,  aadt 
respectively.  They  appear,  cspeciaUy  the  second  and  third,  narrow  in  tlie  midA 
edf^  of  the  riband-shaped  cell  being  here  seen,  but  below  haye  become  aodtaAul 
so  that  the  flattened  side  is  brought  into  view.  A  nucleus  is  visible  in  k^  bvi  mm 
k„  A3,  probably  owing  to  its  being  contained  in  the  part  of  the  oeU  the  ed|e  « 
turned  towards  the  observer.  The  lower  ends  of  all  three,  together  with  tti 
processes,  have  become  broken  off  th  the  preparation  of  the  specimen  ;  t,  OM  < 
ceeding  epithelial  cells  ;  c,  cuticular  thread  attached  to  lamina  letieiilarii^  an 
belonging  to  a  cell  of  Deiters  ;  p,  phalangeal  process  of  outer  rod ;  ji^  f|^  |l 
lamina  roticolarie  aeen  in  section. 
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fented  hy  the  upper  extremity  of  that  bone,  the  shape  of  the  olc- 
I  and  ooronoid  processes,  as  well  as  the  concave  articular  surface 
By  being  readily  recognisable.  The  upper  end  of  one  of  the  outer 
m  the  other  hand,  somewhat  resembles  the  outline  of  a  swan's 
the  roonded  part,  which  represents  the  back  of  the  head,  fitting 
e  concave  euHace  on  the  head  of  the  corresponding  inner  rod  or 
'hile  the  part  which  represents  the  bill  projects  outwards  and  is 
ted  with  the  reticular  lamina,  aiding  to  form  the  first  series  of 
br  the  transmission  of  the  auditory  hairlets.  Both  inner  and 
ods  are  more  slender  about  the  middle  of  their  length  and  expand 
below,  BO  as  to  rest  upon  the  basilar  membrane  by  a  somewhat 
d  foot.  They  are  distinctly  striated  throughout  their  len^h 
18),  and  the  st'riation  or  fibrillation  passes  into  that  of  the  basilar 
ane,  to  which  they  are  thus  intimately  connected  (fig.  399). 
i  especially  well  seen  in  the  outer  rods. 

le  head  of  the  cmter  rod  is  an  oyal  part  free  from  fibres,  and  staining  with 
I  moxe  deeplj  than  the  remainder  of  the  rod  :  this  may  represent  the 
I  of  an  epithelial  cell  from  which  the  rod  was  originallj  developed.  A 
,  Imt  ffTw«.iii>T-  clear  body,  staining  deeplj  with  carmine,  is  sometimes  to  be 
the  liead  of  the  inner  rod,  and  the  sabstance  of  the  rod  in  its  neighbour- 
■a  a  aomewliat  granular  appearance  (fig.  403). 

:»nnection  with  both  inner  and  outer  rods,  there  is  seen  a  proto- 
ic  cell  occupying  the  angle  which  the  rod  makes  with  the  plane  of 
isilar  membrane  (fig.  402).  Sometimes  these  cells  extend  along  the 
>rane  until  Uiey  come  into  contact. 

e  inner  rods  are  more  numerous  than  the  outer ;  *  they  are  also  more 
Ly  Bet  and  touch  one  another  along  their  whole  length,  whereas  the 
r  rods  are  only  in  contact  laterally  by  their  heads  ;  finally  the  outer 
ire  in  all  parts  longer  than  the  inner,  and  in  the  upper  turns  of  the 
ika  considerably  so. 

aw  the  two  sets  of  rods  aro  jointed  together  is  not  very  clear.  It  is  certain 
i  the  indiyidaal  rods  have  little,  if  any,  independent  movement ;  they  are 
Ddj  fixed  below  to  the  basilar  membrane,  and  the  heads  of  adjacent  rods  are 
iloie  contact. 

KiSr-eelLi. — ^The  inner  Juiir-ceUs  are  closely  applied  against  two 
three  of  the  corresponding  rods,  the  cells  being  considerably  larger 
diameter  than  the  rods.  They  are  very  like  somewhat  short, 
minar  epithelium-cells,  and  are  prolonged  below  into  a  process,  or  it 
r  be  more  than  one,  which,  according  to  Waldeyer,  is  directly  connected 
•ne  of  the  nerre  fibres  which  turn  up  through  the  spiral  lamina  just 
►w  these  cells  (fig.  401).  Beneath  them,  and  extending  also  under 
gradually  decreasing  columnar  epithelium  of  the  spiral  groove,  is  a 
r  of  protoplasmic  cells  with  large  round  nuclei,  amongst  which  fine 
ne-fibres  are  said  to  run  in  a  radial  direction.  Around  the  top  of  each 
ar  hair-cell  is  a  sort  of  ring  of  cuticular  substance,  which  is  connected 
I  slight  projections  on  the  flattened  heads  of  the  inner  rods,  and 
iarB  to  represent  the  reticular  lamina  in  tliis  place. 
he  outer  hair-felU  are  peculiar  in  shape.  They  are  cylindrical  at 
apper  end,  where  they  fit  into  the  rmgs  of  the  reticular  lamina  and 

lieoofdiBg  to  Waldeyer  there  are  altogether  in  the  human  cochlea  about  6000  of  the 
loda  and  4500  ol  the  oater  ones. 
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bear  the  hairlets,  but  lower  down  thej  are  flattened  from  within  < 
that,  in  profile,  they  look  narrow,  but  broader  when  seen  on  th  j 
(fig.  403).     These  cells  end  below  with  a  rounded  extremity  (fig.  i" 
slightly  bulged  to  one  side,  whilst  from  the  other  side  a  thin  i 

Kg.  404.  Fig.  404. — Four  outir  nAiR-ciLLs  ix  oovancnov  nni 

1^  BASILAR    PROCESSES.      FrOX   TUE    OUUrBA-PIO. 

If  HlflKD.       (E.A.S.) 

wR  The  ccUb  1>elong  to  the  same  series  and  are  rieved  liij 

Hj  one  or  two  hairlets  which  Liivo  remained  attached ;  k,  U| 

H  lower  end  of  coll ;  ;>,  basilar  procesa,  protoplasmic  tim^ 

^B  becoming  cuticalar  below  and  slightly  expanded  at  the  e 

JH  /,  which  is  broken  away  from  the  basilar  membniDeL 
[  process  ( p)  is  prolonged  which  is  fixed  to  the 

I  mombraiic  (basilar  pnK^css).     Beneath  the " 

\  ^         and  rusting  by  a  broad  Itase  U]x>n  the  basilar 
J  braue,  certain  other  cills  are  found  which  are " 

/  as  the  eel  is  of  Deifers  (fig.  401,  z).     These 

'  upwards  for  a  certain  distance  between  the 

^  ends  (if  the  hair-colls,  and  each  one  is  then  _ 

towards  the  surface  by  a  fine  cuticular  proceBfl, 

is  attached  above  to  one  of  the  so-calltd  phahmges  of  the 
liuuina,  and  is  known  as  the  phalangeal  pi-ocess. 

Hensen  describes  a  clear  oval  capsule  with  a  spiral  fibre  wonnd  azoimd  il, 
cupying  the  part  of  the  cell  next  to  the  free  extremity. 

According  to  AValdeyer  the  outer  hair-cells  and  the  cells  of  Deiten  aR,ii 
dog  and  some  other  animals,  conjoined  to  form  double  cells  with  two  nnekl 

Fig.  405.  Fig.  405. — Skrtch  frox  below  or  laxua 

LARIS    AND    Anj0INI50    STRUCTURES     FROM    fH  < 

HioHLT  MAOKiFiBO  (KoUiker). 

a,  inner  hair-cells  with  hairlets,  J3;  «,  epitUtairf 
spiral  groove ;  r,  inner  rods  ;  c/,  put  of  hadi  d  iMI^ 
rods  overlapping  thoso  of  the  outer  rods  ;  /,  htk  n 
outer  rods  :  their  long  phalangeal  pIooeMe•anlaii^Ml 
the  rods  themselves  are  not  represented,  except  i*/i  ' 
m,  91,  o,  rings  of  lamina  reticularis  with  aeniORli  ^ 
hairlets,  the  hair-«.x-llB  not  l«ing  represented ;  ft  c 
cular  tissue  between  external  epithelial  oeQii  t, 

Tn  most  animals  theie  are  three  serifs  i 
outer  hair-cells,  but  in  man  there  are  ta 
series  (fig.  400,  h)  and  even  five  and  six  il 
the  upper  turns  of  the  coclilea  (Ptitchiil)i 
The  columnar  cells  outaide  the  hair-cells  0 
much  elongated  and  obliquely  diqpoaedyW 
become  gradually  shorter  and  more  verdoil 
as  they  pass  into  the  simple  cubical  epithdin 
on  the  outer  pirt  of  the  basilar  memlnvie. 

Tiamina  reticnlarui  (figs.  399,  405).— 
The  net-like  membrane  which  oveilies  the 
outer  hair-cell  region  of  the  organ  of  Coitiii 
composed  of  at  least  two  rows  of  dongitii 
fiddle-shaped  structures  termed  *'phaluiini" 
which  are  united  to  one  another  and  to  the  phalangeal  proceflses  of  th» 
'^'^ter  roda  in  such  a  manner  aa  to  leave  between  them  oUoDg  apertani 
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I  which  the  ftee  ends  of  the  hair-cells  with  their  semicircular  rows 
litoiT  hairs  project.  The  phalanges,  although  they  seem  like  rings, 
,  leautj  thin  plates  with  thicken^  margins,  and  are  to  all  appear- 
lof  a  cuticular  nature  :  the  most  external  row  of  phalanges  is  in  con- 
Ity  with  a  cuticular  tissue  which  lies  between  the  external  epithelium 
I  (fig.  405,  p).  Attached  to  the  phalanges  below  are  the  phalangeal 
\  of  the  cells  of  Deiters.  The  lamina  varies  in  extent  with  the 
liber  of  rows  of  hair-cells.  Where  there  are  four  or  more  of  these,  a 
■mending  increase  in  the  number  of  rows  of  phalanges  is  observed. 
Pjiialangcs  serve  to  isolate  the  hair-bearing  ends  of  the  auditory  cells. 
lb  tactorial  iiMmlirmne  is  the  last  special  structure  which  remains 
jbe  described  in  connection  with  the  organ  of  Corti.  It  arises,  as 
I  stated,  on  the  limbus,  not  for  from  the  line  of  origin  of  Reissner's 
It  overlies  the  projecting  teeth  at  the  edge  of  the  limbus, 
alao  the  epithelium  between  them  :  all  this  paol;  of  the  mem- 
I  is  thin  and  delicate,  imperceptibly  shading  off  towards  the  inner 
of  attachment.  As  the  memorane  projects  over  the  crest  of  the 
it  swells  out  below  into  a  pad-like  projection  which  covers 
I  partly  fills  up  the  spiral  groove,  and  rests  below  upon  the  rods  of 
i  and  contiguous  structures.  Towards  its  external  edge  the  mem- 
I  again  thins  out,  and  over-lies  the  outer  hair-cell  region  as  a  delicate 
il jUBsenting  a  somewhat  reticular  appearance,  as  if  impressed  by  or 
nuded  on  the  subjacent  structures.  The  thickened  part  of  the 
anlffane  is  distinctly  fibrous  in  appearance  (the  fibrillation  extending 
■A  within  out),  and  after  immersion  in  weak  solutions  of  chromic  aci^ 
Uchromate  of  potash,  it  appears  to  possess  considerable  toughness  and 
Hiicity.  From  its  position  the  hairlets  borne  by  the  hair-celb  must 
VMarily  be  in  contact  with  the  under  surface  of  this  membrane, 
boat  its  origin  nothing  certain  is  known,  but  it  appears  to  be  formed 
a  cuticidar  deposit  or  secretion  from  the  epithelid  cells,  upon  which, 
IBB  at  a  comparatively  early  stage  of  development,  it  may  be  seen  to  lie. 
I  the  position  which  it  bears  relative  to  the  auditory  epithelium  it 
mroonds  to  the  cupulae  terminales  of  the  cristas  acustiae  and  to  the 
alitiuc  accumulations  of  the  maculse. 

■was  of  tlio  cochlea. — The  branch  of  the  auditory  nerve  which 
m  to  the  cochlea  is  given  off  in  common  with  those  to  the  saccule  and 
»  posterior  ampulla.  It  is  shorter,  flatter,  and  broader  than  any  of  the 
lier  branches.  It  perforates  the  bone  by  groups  of  minute  foramina  at 
»  bottom  of  the  internal  meatus,  below  the  opening  of  the  Fallopian 
nednct.  These  groups  are  arranged  in  a  shallow  spiral  furrow  (tractns 
nlis  foraminulentus)  in  the  centre  of  the  base  of  the  cochlea  ;  and 
gr  lead  into  small  bony  canals,  which  first  follow  the  direction  of  the 
S  of  the  cochlea,  through  the  modiolus,  and  then  radiate  outwards, 
.-ween  the  plates  of  the  bony  spiral  lamina.  In  the  centre  of  the 
nl  tract  is  a  larger  foramen  which  leads  to  the  central  canal  of  the 
diolns.  Through  this  foramen  and  canal  the  filaments  for  the  last 
if-tnm  of  the  spiral  lamina  are  conducted  ;  whilst  the  first  two  turns 
\  sapplied  by  the  filaments  which  occupy  the  smaller  foramina  and 
ift  canalsL  Near  the  root  of  the  spiral  lamina  the  nerve-fibres  pass 
bwards  through  a  spirally  wound  ganghonic  cord,  {ganglion  spiraUi) 
lated  in  the  special  bony  canal  {spiral  canal  of  Vu  modiolus)  already 
ntioned.  The  cdls  of  this  ganglion  are  bipolar  and  each  nerve-fibre 
Mara  to  have  one  of  the  cells  interpolated  in  its  course.  From  the  outer 
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Fig.  407.— DifTHi 
TBI  cocnim  I 

TAB  8PUAI.  UU 
HetiJe). 

A,  imrt  of  tih» 
and  spiral 
from  the  bdiie;dbi 
plexilarm 
the  coclilcau- 1 
meats  of  the  aen 
from  the  tf^ctoft^ 
mmuleatuft ;  %  ti 
ibe  nerre  cnteiiBl 
tnil  can^  d  the  i 
S,  wide  plexufl  ia 
i&mina  spinJu  ; 
plc3Lus  at  ite  %i 
put  of  the  nennei 
am!  more  highly  1 
2,  twigs  of  liie  I 
the  modiohis  <k 

fipiml  guigSioii; 
fibres  run&iiisifil 
the  outer  |ttrt  d 
glionic  svieUiiiif 
plextia  ;  i,  dtem 
nerve- fibre*  ai  in 


corneal  bundles  ivhich  turn  abruptly  upwards,  and  paasing^  thr 
elongated  apertures  previously  dcscril>ed  (p.  457  and  fig.  399^ 
the  epithelium  in  the  region  of  the  inner  hair-cells  {%.  401,  j 

Little  ifl  kno^^Ti  positively  with  regani  to  tlie  actual  mode  of 
nerrea  omong^  these  ptracturea,    Au  they  paaa  throui^h  the 
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f  tbcj  lose  tfadr  xnednllaiy  aheath  and  dark  borders,  and  are  oontinned 

aadv-cjlinden.    Their  farther  oonrse  is  still  a  matter  of  donbt.    Some 

L  axe  stated  l^  Waldeyer  to  pass  directly  into  the  lower  ends  of  the  inner 

and  others  to  pass  outwards  between  the  rods  of  Corti,  stretching 

^■i  the  tminel  which  these  enclose,  and  eyentnally  ending  in  the  outer  hair- 

V;  but  these  statements,  although  not  improbable,  yet  require  confirmation. 

of  the  oochlea. — The  branches  of  the  internal  auditory  artery  to  the 

twelve  or  fourteen  in  number,  arising  at  the  bottom  of  the  internal 

_ '  meatus,  traverse  small  canals  in  the  modiolus  and  bony  lamina  spiralis, 

.  focm  in  the  latter  a  capillary  plexus  that  joins  at  intervals  the  vas  spirale, 

I     ^luuBly  mentioned.    From  this  plexus  ofEsets  are  distributed  in  the  form  of  a 

«  network  on  the  periosteum,  but  the  vessels  do  not  anastomose  across  the 

^Inmiii    basilaris.    The  cochlea  also  receives  through  the  fenestra  rotunda  a 

^m  from  the  stylomastoid  branch  of  the  occipital  artery. 

^%b  ▼eina  of  the  cochlea  issue  frcmi  the  grooves  of  the  cochlear  axis,  and  join 

m  Trina  of  the  vestibule  and  semidroular  canals  at  the  base  of  the  modiolus.    A 

m^  nnna-like  vein  passes  through  the  aqueductus  cochleae,  from  the  lowermost 

^to  of  the  cochlear  tube,  and  joins  the  commencement  of  the  internal  jugular 

I  of  some  of  the  parts  of  the  cochlea. — The  following  numbers 
r  the  average  dimensions  of  various  parts  of  the  himian  cochlea.    They  are 
1  from  Waldeyer  (article  ^  Cochlea"  in  Stricker*s  Handbook),  and  represent 
a  in  micromillimeters.* 
Cochlear  canal,  breadth,  1st  turn   •,....    800 /i 

„  w  „      2nd  turn 700 

„  „    ,  extreme  height 600 

Beiasner*s  membrane,  breadth,  1st  turn 900 

„  „  „        2nd  turn  ....    700 

-r.:  lambns  laminas  spiralis,  breadth,  1st  turn 300 

sa^  »t  »  »,  »,        2nd  turn  .         .    200—260 

^^  Bods  of  Corti,  space  between  attachment  of  feet        .        .   G6 — 70 

„  „     height  of  arch 12 

Ik-  w  »>     length  of  inner  rods 60 

„  „     length  of  outer  rods        ....        CO — 66 

Hair-cells,  length  of  inner 18 

„        „     length  of  outer,  with  basilar  process       .        .        .48 

„        „     length  of  hairlets 4 

llembruia  tectoria,  extreme  breadth      ....    200—230 
„  „       extreme  thickness 60 

Xiiteratnre  of  the  Ear. — On  the  external  ear  : — Kesscl,  in  Strieker's 

,  1872;  r.  Trodtseh,  Handb.  d.  Ohrenheilk.,  1881. 

Oil  the  tympanic  cavity  and  ossicles : — Ktud,  in  Strieker's  Handbook,  1872,  and 

'l  f.  Ohrenheilk.,  1874  (action  of  muscles)  ;  Riidingery  in  Monatschr.  f.  Ohrenheilk., 

t, *  and  "fieitiage&c.,"  1873;   fKcfter  in  Monatschr.  f.  Ohrenh.,  1872  (tensor  tym- 

■i) ;  Brunner,  in  Knapp  u.  Moos'  Arch.,  1878  (articulations  of  ossicles) ;  UrhantsehtUch, 

AidL  f.  Ohrenheilk.,  1873  and  1876 ;  Pditzer,  in  same  journal,   1875  and  1876 

and  vessels);   Moldenhauer,  in   same  joamal,    1876,    and    Vergleicbende 

, _.  Trommelfells,  Arch.  1  Ohrenheilk.,  1878  ;  Moos,  in  Knapp  n.  Moos'  Arch., 

:^^877  (veswls  of  membrane) ;  Kdmer,  in  Monatschr.  f.  Ohrenheilk.,  1878  ;  ffenten.  Article 
^fldhdr,"  m  Hermann's  Handb.,  1880. 

Oa  the  Enstschian  tube  i—Mach  u,  Keasel,  in  Wiener  Sitznngsb.,  1872  ;  Weh^r-Lid^ 
**iririier  das  Wesen,  &c,"  Berlin,  1878 ;  Moos,  Wiesbaden,  1874 ;  Zuckerkandl,  in 
Mmiatadbr.  t  Ohrenheilk.,  1874;  YulCf  in  Jonm.  of  Anat.  and  Physiol.,  1874; 
lMatuehii9di,  in  Arch,  t  Ohrenheilk.,  1875  ;  and  Wiener  med.  Jahrb.,  1875  ;  Zaufal; 
MUkd,  in  Arch.  f.  Ohrenheilk.,  1875  and  1876;  Luccb,  in  Virch.  Arch.,  1875  and  1878; 
Ceriaekf  in  Erlangen  Sitsnngsb.,  1875. 

On  the  membranous  labyrinth  : — Rudinger,  in  Strieker's  Handb.,  1872  ;  G,  Retziut^ 
Anat  Unters.  1872;  "  Morphologie  des  Gehorlabyrinths,"  Stockhohn,  1881;  and 
"Biologisrhe  Studien,"  1882 ;  v.  Ebner,  Epith.  d.  crista  acust,  Schriften  d.  med.  Ver 

*  A  micromillimeter  is  the  ^ih  part  of  a  millimeter,  or  the  siuoo^  V^  ^^  ^  ^°^ 


I  is  generally  represented  by  the  Qreek  letter  /«. 
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in  IniLHbniek,  1872  ;  ffaue,  AnAt.   Studicn.  1872 ;  ftud  Vei^gkicheiuk  llai 
1873  ;  Urban  Priichard,  Nepca  nf  Vest  ami  Semic.  Caimk,  Quarterfj  Joonali 
Science,  1876  j  P,   Bfctftr,   Ktude    liistologique,  Jtc,    1876;    Weher-Liii  im  1* 
tralbl,  1876,  anil  Monat^^hr.  f.  Uhr^Bh.,  1S76  (fenestn  rotunda ). 

On  the  ftrjuedttctujj  vestilruli  and  sarcua  endolymphjiticTis  :— AVjr  and  Mrtsimi^  \ 
ii,  d.  NcirenBypteru,  kc.t  1S74  ;  Zuchrkandl,  in  MonAtscUr,  f.  Dhnsnheilk.,  IIII; 
Zir!j  in  Centralbl,  f.  d.  mc<l.  Wiiis<niKcli.,   1S70^  and  MonatBdir.  L  Oh 
JlUdit^fer^  in  Zeitr<chr.  f.  Armt.  u.  Kntw. ,  18/6. 

On  the  ccicJiUa  : — Wakkt/ei%  in  Stricker'ji  HandK,  1S72  ;  GoUtUin^  I- 
AnAL,  1872;  ['rfMH  Pritchurd,  iu  Pro^.  Koy.  Soc,  1872,  andia76;  / 
med.  ZeitBchr.,  1873  ;  //cwaei*,  iii  ArcL  1  OhrenbdlL,  1873  Mid  187  4 
Arch,  f.  mikr.  Anat.,  XI IL  ;  Nvd,  Mem.  oonr.,  BruxcUes,  1878. 

* 

THE    NOSE, 

The  nose  is  the  special  organ  of  the  sense  of  smell.     It  has  ate| 
faneticms  to  fulfil ; — fur.  coramunicating  ii^cly  witFi  the  c^vitici  i 
mouth  aud  Inng^,  it  is  concerned  in  respiration,  voice,  and 
by  means  of  iU  muscles  it  arista  in  expreasiou. 


Fig.  109. 


ri^nx] 


/S 


Fig,  408,— LiTiiut  niw  or  vas  cartilages  of  tiue  jiosi  (AnaddV   | 
A,  light  nam]  bone  ;    h,  nasal  prooei»  of  the  aitpenor  mazilkrj  bone  ;  ]«  nnfm  1 
eartihige  ;  2,  tower  lateml  cartiiago  ;    2*,  inner  p^rt  of  the  aaroe  ;  3^  UBiiiiiMi  m 
here  distinct,  but  gcnerallj  united  with  tbo  lower  lateral  cartih^^ 

Pig.  40&,— FRoat  YiKw  ow  thk  carttlaoes  of  th*  iiosb  (AniallV    I 
a,  a',  naad  bonw ;  1,  1',  upper  lateral  cartilage*  ;  2,  2^,  Iow«r  lalerd  cwtt)^ 

Fig,   410.— ViXW  OF   TBI  CAIIT1I.A0M  OF  THB   9001   FaOM   BltOW  (AlOeUV    I 

2,  Z,  outer  part  of  the  lower  latend  eartitagca ;  2*,  2*,  tjuier  jpri  of  ^  iHl 
lower  edge  of  the  imrtUage  of  tbe  acptum. 

The  nose  consists  of  the  anterior  prnminent  part,  ft>mpc«rf  of' 
and  cartilrtj,n/8,  with  muscles  (already  described  in  Vol.  L).  anil  ti:^* 
orifices,  fNitermr  mufs,  opening  downwards  ;  and  of  the  two  iwflJM 
in  the  um>tT  parta  of  which  the  olfactory  nerves  ani  expaniied. 
nasal  fos^a*  are  separatetl  from  each  other  by  a  partition*  jhjpW  ' 
formed  of  Ix^ne  and  cartilage  in  the  greater  part  of  it«  Gxteot,  ^ 
longetl  Ix^twcen  the  anterit»r  nares  only  by  a  thick  fold  of  i 
termed  the  membranous  septum  or  ealumtm  nasi.     The  naai]  1 
mtinii'ato  with  hollows  hi  the  neighbouring  bones  (ethmoid, 
frontal,  and  superior  maxiliarjO  ;  liiid  they  opea  badniipk 
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a  through  the  posterior  nares.  The  skin  of  the  nose  is  studded, 
dirij  in  the  grooves  of  the  alae  or  outer  walls  of  the  nostrils,  with 
DUB  small  openings,  which  lead  to  sebaceous  follicles.  Within  the 
I  of  the  nostrils  Uiere  is  a  number  of  short,  stiff,  and  slightly 
hairs — vibrissor —vfhich  grow  from  the  inner  surface  of  the  ate 
itamnaai. 

CARTILAGES    OP    THE    KOSB. 

le  are  the  chief  support  of  the  outer  part  of  the  organ.  They 
the  trianjnilar  interval  seen  in  front  of  the  nasal  cavity  in  the 
kull  (anterior  nasal  aperture),  and  assist  in  forming  the  septum 
a  the  nasal  fossae.  There  are  two  large  cartilages  on  each  side, 
d  mesial  cartilage  of  the  septum. 

upper  lateral  cartilages  (ii^.  408  and  409,  1)  are  situated  in  the 
part  of  the  projecting  portion  of  the  nose,  immediately  below  the 
Eurgin  of  the  nasal  bones.  Each  is  flattened  and  tnangular  in 
and  presents  one  surface  outwards,  and  the  other  inwards  towards 
lal  cavity.  The  anterior  margin,  thicker  than  the  posterior,  meets 
era!  cartilage  of  the  opposite  side  above,  but  is  united  with  the 
[  the  cartilage  of  the  septum  below  ;  indeed,  by  some  anatomists, 
ile^  the  upper  lateral  are  described  with  the  median  cartilage,  of 
ihey  may  be  regarded  as  reflected  wings.  The  inferior  margin  is 
ted  by  fibrous  membrane  with  the  lower  lateral  cartil^e ;  and  the 
*  edge  is  closely  attached  to  the  free  margins  of  the  upper  maxilla 
isal  bone. 
„  lateral  cartilages  (cartilages  of  the  anerture)  (2,  2',  in  the 
I  tfamner  than  the  preceding,  below  which  they  are  placed,  and 
rebtfacterised  by  their  peculiar  curved  form.    Each  consists  of 


.^•Omors  AVD  cartilagih- 
M  or  THK  voss,  ssm 
LSR  8IDK  (Arnold).     J 


Fig.  411. 


^  nasal  bone ;  h,   superior 

17  bone  ;  r,  spbenoidal  sinus ; 
fwrfimls''  plate  of  the  eth- 
iM  ;  f,  Tomer ;  2*,  inner  part 
i|^  lower  lateral  cartilage  ;  4, 
e  of  the  septum. 

ongated  plate,  so  bent 

Itsdf  as  to  pass  in  front 

1  each  side  of  the  nostril 

ich  it  belongs,  and  by 

Tangement  serve  to  keq> 

1.    The  outer  portion  is 

hat  oval  and  flattened, 

gnhurly  convex  externally.    Behind,  it  is  attacned  to  the  margin  of 

pier  maxilla  by  tough  fibrous   membrane,  enclosed  in   which 

18  usually  to  be  met  with  either  a  prolongation  backwards  of 
rterior  angle  of  the  cartilage,  or  two  or  three  separate  cartilaginous 
8  (eartilag.  minares  vel  sesamoidea)  (fig.  408,  8)  ;  above,  it  is 
alio  by  fibrous  membrane,  to  the  upper  lateral  cartilage,  and  to 
wer  and  fore  part  of  the  cartilage  of  the  septum.  Towards 
iddle  line  it  is  curved  backwards  (fig.  409),  bounding  *  deep 
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mesial  grove,  at  the  bottom  of  which  it  meets  with  its  fidlw 
opposite  side,  and  continues  to  pass  backwards,  lying  in  the  iq| 
01  the  colomna  nasi,  below  the  level  of  the  cartilage  of  the  septan 
inner  part  of  the  cartilage  of  the  ala  is  thick  and  narrow,  gbi 
wards,  and  ends  in  a  &ee  rounded  margin  (fig.  411,  2^wlffidi] 
outwards.  The  greater  part  of  the  ala  of  the  noee,  like  the  li 
the  ear,  is  formed  of  thickened  skin  with  subjacent  tissue,  ni 
supported  by  cartilage. 

The  curtilage  of  tfie  septum  (fig.  411,  4)  is  quadrilateral  in  fa 
is  thicker  at  the  edges  than  near  the  centre.  It  is  plioed 
vertically  in  the  middle  line  of  the  nose,  and  complete^  at  t 
part,  the  separation  between  the  nasal  fossae.  The  antmor 
of  the  cartilage,  thickest  above,  is  firmly  attached  to  the  hdA 
nasal  1)ones  near  their  line  of  junction ;  and  below  this  it  li 
cessively  between  the  upper  and  the  lower  lateral  cartilages,  unih 
mately  with  the  former  and  loosely  with  the  latter.  The  po^mori 
is  fixed  to  the  lower  and  fore  part  of  the  central  plate  of  the  e 
bone  (e)  ;  and  the  lower  margin  is  received  into  the  groove  (rf  the 
{v)y  as  well  as  into  the  median  ridge  between  the  superior  mBiita 

This  cartilage  is  the  |)ersistent  anterior  extremity  of  the  pni 
cranium.    In  young  subjects  it  is  prolonged  back  to  the  bod|f  i 

Ke-sphenoid  bone  ;  and  in  many  adults  an  irregular  thin  baodn 
tween  the  vomer  and  the  central  plate  of  the  ethmoid. 

NASAL   F0S&£. 

The  nasal  fossas,  and  the  various  openings  into  them,  with  Ai 
tenor  nares,  have  been  previously  described  as  they  exist  in  the  ill 


Fig.  412. — Transterss  vebtioal  section  of  the  vasal  fossjb 

(Arnold).     | 

1,  part  of  the  frontal  bono  ;  2,  crista  ^li ;  3,  perpendicular  plaie  of  thi 
between  4  and  4,  the  ethmoidal  cells  ;  5,  right  middle  spongy  bone  ;  6,  kft  liv 
bone  ;  7,  vomer ;  8,  malar  bone ;  9,  maxillary  sinus ;  10,  ita  opening  infte  ll 
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I  greater  part  of  that  description  is  al90  applicable  generally  to 

in  a  recent  state ;   bnt  there  are  certain  differences  which 

1  on  the  thickness  of  the  lining  membrane,  which  not  only  lines 

~ ;  of  the  fossse,  bnt  covers  the  spongy  bones  on  both  sides.  Thns, 

I  first  place,  the  nasal  cavity  is  much  narrower  in  the  recent  state. 

Hy,  in  consequence  of  the  prolongations  of  the  membrane  on  their 

l^nargins,  the  turbinate  bones,  and  more  particularly  the  lower  pair, 

>  to  be  both  more  prominent,  and  longer,  than  in  the  dried  skull. 

f,  some  of  the  foramina  in  the  bones  are  narrowed,  and  others 

[  over  by  the  lining  membrane. 

^Ihe  indiTidoal  puta  of  the  nasal  fossos  the  following  particnlars  are  to  be 

I  upper  meatus f  the  smoU  orifice  which  leads  into  the  posterior  ethmoidal 
I  lined  by  a  prolongatioD  of  the  thin  mncoos  membrane  which  is  continued 
^ftoee  cavities ;  bat  the  spheno-palatine  foramen  is  covered  over  and  closed 
imembrane. 

middle  meatus,  the  aperture  of  the  inf  nndibolnm  is  nearly  hidden  hy 
:  fold  of"  membrane  :  it  leads  directly  into  the  anterior  ethmoidal 
and  through  them  into  the  frontal  sinus.  Below  and  behind  this,  the 
)  into  the  antrum  of  Highmore  is  surrounded  by  a  fold  of  the  membrane 
prominent  and  even  slightly  valvular),  which  leaves  a  circular 
_  J  much  smaUer  than  the  foramen  in  the  bony  meatus, 
h  the  Unrer  meeUus  the  inferior  orifice  of  the  na«d  duct  is  defended  hj  one  or 
>  folds  of  membrane  ;  and  when  there  are  two,  the  folds  are  often  adapted  so 
fesstely  together  as  to  prevent  air  from  passing  back  from  the  cavity  of  the 
•  to  the  lachrymal  sao. 

ft  the  roof  the  apertures  in  the  oribrif  orm  plate  of  the  ethmoid  bone  are  oon- 
Ittd  bj  the  membrane,  but  the  openings  into  the  sphenoidal  sinuses  receive 
BQlong^ation  from  it. 

IK.  ^e  floor  the  incisor  foramen  is  in  the  recent  state  generoUy  closed.  Some- 
ifts,  however,  a  narrow  funnel-shaped  tube  of  mucous  membrane  (naso- 
Kthie  canal  or  canal  of  Stenson)  passes  obliquely  downwards  from  each  nasal 
^  for  a  short  distance  towards  the  front  of  the  hard  palate.  Yesolius,  Stenson, 
I  Santorini  believed  that  these  tubes  of  membrane  opened  generaUy  into  the 
^  of  the  mouth  by  smoU  apertures  close  behind  the  central  incisor  teeth. 
Ucr,  Scarpa,  and  Jacobson,  found  the  canals  in  man  usuaUy  closed,  and  often 
Icnlt  of  detection. 

tlodem  anatomists  have  also  been  divided  in  opinion  on  this  matter,  but  it 
*Ud  appear  that  the  latter  opinion  (that  of  ECallcr  and  Scarpa)  is  correct.  The 
Hal  is  the  remnant  of  the  wide  communication  between  the  nasal  and  buccal 
cities  found  at  an  early  period  of  festal  life,  being  in  man  usually  obliterated. 
least  in  its  lower  part,  before  birth,  although  persistent  in  many  animals.  It 
Vtog  represented  below  by  a  solid  column  of  epithelium  cells  continuous  with 
le'epithelium  of  the  palate,  and  above  by  a  narrow  tube  lined  with  ciliated 
pittiriinm,  opening  into  the  floor  of  the  nasal  fossa  but  closed  below.  (Leboucq, 
e  canal  nasopalatin  chei  lliomme,  Archives  de  Biologic,  1881.) 

KUOOUS  MEMBRANE. 

The  pituitary  or  Schneiderian  membrane,  which  lines  the  cavities  of 
16  noee,  is  a  highlv  vascnlar  mucous  membrane,  inseparably  united  with 
le  periosteum  and  perichondrium  over  which  it  lies.  It  is  continuous 
kh  the  skin  througn  the  nostrils ;  with  the  mucous  membrane  of  the 
lanrnx  through  the  posterior  nares  ;  with  the  conjunctiva  through  the 
•u  duct  and  lachrymal  canaliculi ;  and  with  the  lining  membrane  of 
B  ieveral  sinuses  wnich  communicate  with  the  nasal  fossa).  The  pitui- 
7  membEBoe^  however^  varies  much  in  thic^ess  and  vascuhirity  in 
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uifTereat  part^.    It  is  thickest  and  most  vascular  over  the 
bones  (paiticnkrly  the  iiiferi(»r)  and  on  the  septum  nasi  it  bibl 
thick  and  spongy  ;  hut  in  the  intCiTvala  between  the  turbinate  bo 
over   the  fl(X»r  of  tlie  nasal  fossffi,  it  is  considerably  thinner, 
maxillary^  frontal^  and  sphenoidal  einusc'S,  and  in  tbe  ethmoiilal( 
liniiignnicousnierobraneisveTy  thin  and  pale,  and  contraafcsr 
tJiat  which  lines  the  nasal  fossa?. 

The  character  of  the  epithehnm  varies  in  different  part«,  niid\ 
in  n  general  way,  three  regions  of  the  nasiil  fossse  may  Ijc  discingi 
Thus,  the  region  of  the  external  nostrils  (the  vestibule},  incb<i 
tlie  part  which  is  roofed  by  the  nasal  cartilages,  is  lined  with! 
squamous  epithehnm  ;  and  the  remainder  is  divisible  into  two  pi 


Fig.  41S. 


Fig.  413,— OCTKH    VAtl.   OF   TER   IS^T   HAftAl    FOSSA,     COVJEXO   BT 
3CEMBRAXR   {Amold).       } 

1,  frantal  bone ;  S,  left  naml  bono  ;  3,  flupcrior  m&xilliuy ;  i,  bodj  of  Ike 
with  the  tiphcnokM  8iniis  :  5,  projeciioa  of  the  membtane  C0Terii\g  tbe  «ij 
bone  ;  6^   tbat   of   ibo   middle  ;  7,  that  of   Uic  lower  ;  tbe  upi>erf    middle, 
meatuses  anc  Been  bubw  tbe  comesitonding  spotigj  bones;  8,  opening  of  llit 
tube  ;  !?,  depresaion  of  tbe  lining  membmmt  of  the  nose  in  the  anterior 


fumm 


^pperi 


the  upper  or  olfactory  region  in  which  the  epithelium  ig  non-ciliatrf  i 
columnar,  and  the  lower  or  respiratory  region  in  which,  as  also  io  d 
sinnses,  it  is  ciliated  and  cohimnar,  ^he  membrane  in  the 
part  covers  the  inferior  turbinate  and  all  the  lower  portions  of 
fossffi,  and  is  studded  with  numerous  racemose  glands  (yielding  ia  ^ 
mucus,  in  part  a  more  watery  secretion),  which  open  by  orifices  azwitt 
on  the  suiface.  Tbey  are  most  numerous  about  the  middle  andwokt 
parts  of  the  nasal  fossae,  and  are  largest  at  the  back  of  the  eqitmii  Ktf 
the  floor  of  the  nasal  cavity,  ti  lands  whicli  are  much  smaller  and  hi 
numerous  open  into  the  several  cavities  which  communicate  widi  tk 
nasal  fossa?.  Besides  the  glands  the  membrane  contains  a  ramUt 
amoimt  of  lymphoid  tissue,  oce-asionally  accumulated  into  **  D*»dniA'' 
In  sniiie  parts  large  venous  plexuses  are  f^jund,  encircled,  as  wdl  is  tfc» 
alvcoh  uf  the  glands  amongst  which  tbey  lie,  by  bundles  of  jiUia 
muscular  fibres  {KJein),  thus  forming  a  sort  of  cavernous  tiasne. 


^ 
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miicaiui  membraiie. — The  olfactory  region  or  that  in 
actorj  nerve  is  distributed,  includes  the  upper  and  middle 
is  of  the  fossae,  and  the  upper  portion  of  the  septum.  It 
rascnlar,  a  close  plexus  of  large  capillary  vessels  being  found 
ing  membrane  throughout  its  whole  extent.    Its  mucous 

thicker  and  more  delicate  in  consistence  than  that  of  the 
tt,  being  sofb  and  pulpy.    It  has  a  distinct  yellow  colour  in 

in  some  animals.  The  glands  of  this  region  (glands  of 
!  numerous,  but  are  of  a  more  simple  structure  than  those 

part  of  the  fossae.     They  open  by  fine  ducts  lined  with 

s  which  extend  to  the  surface  between  the  olfactory  epi- 

In  the  mucous  membrane  itself,  the  gland-tube  is  some- 

ited  and  enlarged,  and  it  may  have  one  or  two  branches. 


Fig.  414. 


KLLS   AVD   TKRXIXAL  KERYB- 

OLFACTORY   REGION    (from  Frej 
Highlj  mftgnified. 

og ;  2,  from  man  ;  a,  epittielial 
leeply  bto  a  ramified  process  ; 
I ;  e,  their  peripheral  rods  ;  e, 
I,  seen  in  1  to  bo  prolonged  into 
leir  central  filaments ;  3,  olfac- 
from  the  dog ;  a,  the  (Uvision 


I  throughout  by  a  base- 
ine,  and  lined  and  almost 
columnar  or  polyhedral 
t.  Here  and  there  ordinary 
mds  are  found  ;  where 
ise  the  epithelium  of  the 
ding  to  Klein,  is  ciliated 
bory. 
lar  cells  on  the  sur&ce  of 

mucous  membrane  (fig 
rolonged  at  their  deep  ex 
•  a  process  which  is  gener- 
\t  thickened  towards  its 
id  usually  includes  a  num- 
granules ;  and  from  this 
t  branches  proceed,  which  are  stated  by  Exner  and  Martin 
)b&  with  those  of  neighbouring  cells,  so  as  to  form  a  com- 
etwork  throughout  the  extent  of  the  membrane,  underneath 
0.  Amongst  these  branching  central  ends  of  the  columnar 
re  a  large  number  of  pec^iar  spindle-shaped  cells  (fig. 

consisting  of  a  large,  clear  nucleus  surrounded  by  a  rela- 
mount  of  granular  protoplasm.  From  each  cell  proceeds  a 
d  a  deep  process.    The  superficial  process  (c)  is  a  cylindrical 

Siering  thread  passing  directly  to  the  surfecc,  and  termi- 
y  at  about  the  same  level  as  the  free  surfisice  of  the  epi- 
etween  which  it  lies,  or  a  little  beyond  ;  the  deep  process  (d) 
der,  and  passes  vertically  inwards.  This  last  frequently 
aded  appearance  similar  to  that  observed  in  fine  nerve-fila- 
le  cells  were  termed  by  Max  Schultze,  olfactory  cells,  to 
hem  from  the  columnar  epithelium-cells,  which  are  mudi 
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THE  XOSE. 


fewer  in  Duiiiben  and  which  are  entirely  amrounded  with  tk I 
like  periplieral  processes  of  the  smaller  cells.  It  is  probable  tiittl 
varicose  central  procci^ses  of  these  cells  arc  direc-tlj  continiioiQSi 
fibrils  of  the  olfactor}"  iiervc,  but  the  continnitj  has  never  hmi 
ol>served.  The  nucleated  bodies  of  the  olfactory  cells  arei 
deep,  and  form  a  layer  of  considerable  thickness  beneath  tbe  i 
cells. 

Botli  the  olfactory  and  the  columnar  cells  project  throng  i 
in  a  cutienlar  lamina  wiiich  boHmls  the  mucous  membrane  i 
{extenml  Umithig  niemhram  of  v*  Brujm). 

The  j>Griphcral  process  of  the  oliactorj-cell  was  obserred  by  ScHnltMliI^ 
xnounted  hy  a  short  projection  (%,  414^2,  r)»  but  this  appearance  miy  i 
the  congulution  of  albmninous  matter  escaped  from  tie  interior  o(.tfac| 
Long  and  fine  hair-like  processes  do,  however,  exist  on   the  olfa 
amphibia,  reptile*,  aad  birds  (%.  4I-1, 1,  c),  but  they  have  not  been  < 
mammals. 

AoGording   to  Exner  there   13   no  sharp  distinction   between  coltt 
olfeotory-celk,  but  intenuediato  formir*  aro  to  be  met  with^  and  the  ( 
oellfl  are.  in  fact,  only  a  less  develo[M?d  condition  of  the  colummxr  oella; 
that  both  kinds  are  connected  iiiith  the  olfactory  ntrrre-fibres^  that  in  I 
veitebrata  they  may  both  bear  hair-like  ppoceesea,  and  that  in  the  f 
removal  of  the  olfactory  lobeS|  they  both  dinappear  and  ^re  place  to  fl 
cOiflteii  ceUs. 

In  the  rsLbbit  and  gninea*pig  Klein  ^  in  oonfirmation  of  a  Btatemenl  1^1 
deecribeii  a  lowermost  layer  of  conical  cells  resting'  by  their  biw 
the  baaement  membrane. 


Fi^  416. 


^==ssmj 


,RvTuvAA>t^ 


IP 


Fig.  415.— NKETEa  of  tee  bei»tifm  kasi,  sk«n  fbom  Tua  aioBT  sii>m  (h 
after  Hirschfeld  and  Leireille).     f 

I,  the  olfactory  bulb  ;  1,  the  oiractoiy  nerves  passing  through  the  ftm 
cribrifoni)  plate,  ami  cl&^ccndiag  to  be  distributed  on  the  septum  ;  %  iLt  i 
iicptal  twig  of  the  namil  bmiich  of  the  ophthalmic  nerve  ;  3,  naso-ptiUtiiic  marwm 

Olfactory  irerTe--*-Thc  filaments  of  this  nerve,  lodged  il  J 
grooves    on    the  surface  of  the   bones,  enter    the    substance 
Schneidcrian  membrane  obliquely.     The  nerves  of  the  septttmi 
are  nither  larjorer  than  those  of  the  outer  wall  of  tbe  naaal 
extend  over  the  upper  third  of  the  septum,  becoming  '^rj^ 
aa  they  descend.    The  nerves  of  the  outer  wall  ikre  divided  ial 
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a  posterior  being  distrrlmted  over  the  surface  of  the  upper 
one,  and  the  anterior  over  the  plain  surface  of  the  ethmoid 
Idle  turbinate  bone. 

es  ramify  so  as  to  form  flattened  tiifts,  the  filaments  of  which, 
mt  laterally  and  communicating  freely  with  similar  offsets  on 
orm  a  close  plexus,  with  elongated  and  naiTow  meshes. 


iRTES  or   THE  OCTKB  \riLL 

S4tt   roa^M  ifroin   Sappcj, 
kfdd  and  Levcilli).    | 

of  the  bnmche*  of  tlie 
,  desoeo^linii;  up)n  the  region 
M  And  middle  tiirbitiated 
fimaJ  twig  of  the  ethmoidal 
I  ommH  nerve  ;  3,  spheno- 
ion :  if  ramification  of  the 
liie  nerves ;  5^  [xistecior, 
I  dirUioas  of  the  palatine 
Mieh  to  the  region  of  the 
laied  bono  ;   S,  bmnch  to 

the  niperior  And  middle 
lea ;  9,  luiso'paktme  bmnch 
cut  short. 


Fig.   41(3. 


structure  the  olfac- 
ibr^  differ  much  from 
f  dark-borderod  fibres 
pral  and  spinal  nerves  : 
t  no  medullar)"  eh  with, 

i-cylinders  provided  with  a  distinct  nucleated  sheath,  much 
ct  than  that  of  the  filires  of  Remak  and  with  nuclei  at  less 
tervals  (fig.  417). 

Fi'',  41". 


JWiVJS-flBRES    TRQU   THE   OLFACTORY    ilL'CutS    llliSllJKAifE    (MaX  Schllltze). 

Magnifted  between  400  and  500  diameters. 
L  of  the  olfactoxy  nerve  of  the  sheep  ;  at  c,  o,  t»'o  ilark  bordered  or  medttl- 
ibres,  from  the  fifth  pair,  aaaocbted  with  the  pale  olfactory  fibres 

ter  part  of  the  mucous  membnine  of  the  ii*\sal  f<jssfc  is  prc^ 
ith  nen'es  of  common  sensibility,  derived  from  branches  of  the 
the  distribution  of  these  has  already  been  described  in  Vol.  I. 

of  Ja€ol»»oii. — In  the  anterior  and  lower  part  of  the  xuiaal  fleptom 
ore  may  be  se«n  opening  obliquely  on  to  the  surface  of  the  mn- 
a«  ftlightlj  above  and  in  front  of  the  orifice  of  the  Stenonian  canaL 
s  leads  into  a  mmute  canal  which  paeses  backwards  for  a  phort  dii- 
lie  scfiituizi  to  termijiate  blindly  a  few  millimetera  from  the  orifice, 
rhidi  is  lined  with  epithelium  continuouf^  with  that  of  the  nasal 
ts  nnmerooa  glands  opening  into  it.  is  the  homologoe  of  a  much 


of  the  olfacioiy  nerve ^  aod  m  tfiflW  vaim&Li  is 

portaooe  as  «a  mcceesoTj  to  the  proper  orgnn  of  i^mdl. 

thia  curions  structure  aa  well  as  references  to  the  litenitui 

KdlUker,  Ueber  die  Jacobson-R^heu  Organe  des  irttischen,  Leipzig, 

fieriee  of  papera  by  Klein  iu  the  Quarterly  Jt>iirDa]  of  Microscoj 

1881  and  188i\ 

Blood-v^saeU  and  iTinpk&tici  of  the  nasal  fosMa.  The  tph 
of  the  inttrmd  mariUarij  art  cry  eDteiB  the  oarity  bjthti  HpheD* 
and  divides  into  external  branches  to  the  meatnses  and  inner 
biuate  bones,  Ben<lmg  offsets  also  to  the  ethmoidal  cells  and  to  the 
frontal  sinUBea,  and  an  internal  branch  (nuso-polatine)  along-  ihit 
mcinor  foramen. 

The  descend tng  palatine  hrffnth  af  the  inttrtial  ma^Oarf  0rfi 
ofEiseta  to  the  hinder  part  of  the  inferior  turbinate  bone  and  mefttx 

The  anterior  cthmMdal  branch  of  the  ophfhafmie  arttry  enterv 
the  naaol  nerve  and  ia  diutributed  to  the  mucous  membrane  of  the  f< 
eeptom  and  outer  walK 

The  pofttrior  cfhmoidtii  hraneh  of  the  same  artery  penda  email 
posterior  ethmoidal  cellf^.  to  the  roof,  and  to  the  upper  part  of  the 

Lastly  the  artcrtf  qf  the  ntptum  (from  the  superior  coronoiy  of ., 
pHcH  Uie  part  near  the  anterior  uares.    The  eevenil  art«rioi 
together  in  the  mncona  membrane. 

The  vcint  form  a  dcnf^:  plexus  in   the  mucous  membrane, 
largely  developed  over  the  lower  turbinate  bone»  and  on  the 
part  of  the  septum.    The  trunks  leaving  the  cavily  aoeompaay  the  ( 
sphemhpalatinf  rein  emptying  itself  into  the  pterygoid  pkzna ; 
reins  joining  the  ophthalmic,  and  email  veina  passinit  out  at  the 
nares  to  join  the  coronary  vein  of  the  up[ier  lip.    Some  small 
the  nual  bone  and  the  amending  process  of  the  superior  maxillji  ta 
menoement  of  the  facial  vein. 

The  lymphatic*  are  abundant  and  l&Tge.    They  form  a  <^oi 
fiinooUB  membrane^  the  branches  extending ahnost  to  the  sarfa«e, 
pkxus  of  valved  vessels  nearer  the  bone.     These  are  in  oommi 
lymphatic  spaces  which  enclose  the  branches  of  the  olfi 
spaces  again  commnnicate  with  the  subdural  space  of  tho 
lymphatica  of  the  noaoJ  mucous  membraao  can  be  injected 
cavity  (Scbwalbc). 


THE    THORACIC    VISCERA. 

I  greater  part  of  the  thorax  is  occupied  by  the  lungs,  each  of  which 
'  by  a  serous  membi-ane,  the  pleura.  The  heart,  enclosed  by  a 
long  covering,  the  pericardiumy  lies  between  the  lungs  in  the 
of  a  space  bounded  laterally  by  the  right  and  left  pluras,  and 
■s  the  mediastinal  ipace  or  simply  as  the  mediastinum.  The  term 
*  mediastinum  is  used  to  denote  the  part  of  this  space  immediately 
;  of  the  pericardium  ;  middle  mediastinum  that  which  contains  and 
flby  the  pericardium ;  and  posterior  mediastinum  the  part  behind  the 
idimn  ;  whilst  the  upper  part  of  the  space,  which  is  situated  above 
■icardinm  and  extenas  as  far  as  the  root  of  the  neck,  may  con- 
mUj  be  distinguished  as  the  superior  mediastinum. 
I  muymrlor  mediastiniim  may  be  considered  as  bounded  below  by  a 
passing  through  the  lower  part  of  the  body  of  the  fourth  dorsal 
m  behind,  and  the  junction  of  the  manubrium  with  the  body  of 
emnm  in  front.  Its  upper  limit  corresponds  with  the  superior 
ne  of  the  thorax.  In  front  are  the  manubrium  and  the  lower  ends 
I  steme-hyoid  and  stemo-thyroid  muscles ;  and  behind  are  the 
loar  dorsal  vertebras  and  the  lower  ends  of  the  longus  colli  muscles. 
xmuiiiis  the  trachea,  oesophagus  and  thoracic  duct ;  the  whole  of 
msverse  part  of  the  arch  of  the  aorta,  t]ie  innominate  artery,  and 
jports  of  the  left  common  carotid  and  subclavian  arteries  which  are 
med  within  the  thorax ;  the  innominate  veins  and  upper  part  of 
qperior  vena  cava ;  the  phrenic  and  pneumo-gastric  nerves,  the  left 
eent^  and  the  cardiac  nerves ;  and  the  cardiac  lymphatic  glands  and 
US  of  the  thymus  gland« 

I  BHiwtc  description  of  a  saperior  mediastinnm  was  suggested  by  Strnthers 
Ml  of  Anatomy,  Vol.  III.)  and  is  manifestly  conyenient.  The  superior  medi- 
■i  as  here  defined  is  not  identical  however  with  that  of  Strathers,  who 
I  tfie  ]daile  marking  off  the  lower  boundary  pass  a  yertebra  higher  behind 
m^  it  is  at  the  same  level  in  front)  and  this  puts  the  whole  of  the  arch  of 
Brts  into  the  middle  mediastinum.  The  plane  proposed  by  Struthers  does 
0V0Ter,  in  the  majority  of  cases  pass  above  the  arch,  but  cuts  off  the  upper 
aC  ite  tnnsyerse  portion,  and  it  has  also  the  disadvantage  of  being  so 
IS  Hist  the  superior  mediastinum  cannot  properly  be  said  to  be  the  part  be- 
the  manubrium.  On  the  other  hand  the  plane  here  proposed  is  nearly 
■tely  and  in  the  average  condition  passes  just  under  the  transverse  portion 
I  sich,  and  this  coincides  with  the  extent  upwards  of  the  pericardium ;  and 
k  shove  the  roots  of  the  lungs.* 

le  anterior  mediastinnm  is  narrow  in  its  upper  half,  the  two 
td  coming  nearly  or  quite  into  contact  behind  the  second  piece  of  the 
om.  Below  it  is  broader,  the  left  pleura  receding  Irom  its  fellow, 
s  bounded  in  front  by  the  sternum  with  the  fifth  and  sixth,  and  a 
portion  of  the  seventh  left  costal  cartilages,  and  by  the  triangularis 
i  muscle  ;  behind  it  is  the  pericardium.  This  space  contains  only 
areolar  tissue,  and  in  its  lower  part  two  or  three  small  lymphatic 
Is  (anterior  mediastinal  glands). 

le  wiia^ijfc  mediastinnm  is  the  enlarged  central  portion  of  the 
J  space,  containing  in  addition  to  the  pericardium  with  its  contents 

be  above  account  of  the  saperior  mediastinum  has  been  furnished  hj  Profeasox 

,   (&A.a) 


.4^U>:    VUi?   OP  THE   PSAICJLEDIUU    FROM   DCnilTD,    DESiqsnSD  TO 
UL    iJtrLBOTlOTS    OP    THS    SKBOIJS    BAG    KOUWD    Tttl    QJIIAT  VK8tlI« 

I}-   1 

li  Ukcn  firam  pfepAiniiona  m  which  tlic  heart  and  roj^ela  had  been 
f  fdeil  W  uij^ctlon,  tk«  iiericftnliiim  inllaied  and  dried  in  the  di^cnded  ataio,  and 
m  iwtiniiintirin  on  the  veatielfl  rumored.     By  the  removal  of  a  portion  <>f  the 


Uhinrl  the  right  and  left  caritiea  of  the  heart,  the  p^jKition  of  that 
\Wa^  ippftreDt.  Af  right  atiride  ;  A\  left  aaric1«  ;  V,  right  vcntricio  ;  V\  left 
$%A^  »artk  vcb;  6,  innommato  artery;  C\  vena  cava  superior;  az,  azjgo« 
f,  IHM  eMm  ialanor  j  if\  groat  coronary  vein  ;  +  ,  cord  of  the  ductus  arteriosus  ; 
t^l  liH  flWiflMiffy  Wtexy ;  />,  rights  /^',  left  pulmonary  veinH  ;  D^  central  tendon 
h|iHl|iii ;  1,  «e  of  thd  pericardium ;  2,  the  portion  on  the  right  Bide  which 
f  9mf9^mt%  the  vena  cava  snperior,  the  right  pnlmoniiry  vgliih,  and  the  ven:\  cara 
*l  $1  psflioa  on  the  left  aide  which  partially  Hurroanda  the  vena  cava  inferior  ;  4, 
txteoded  npirarda  behind  the  Idft  anride»  and  partially  folda  over  the 
I  and  veina,  meeting  between  these  different  Teeeela  the  extenaiona  of 
*,  and  left ;  5,  tubular  portion  which  completely  lurronnda  the  aortin 
trunks.,  A  bent  probe  la  pasaed  within  the  pericardium  fronj 
,  in  front  of  thcTeoa  cava  inferior,  to  the  hack  of  the  left  yentriol^ 
^  tilt  place  where  the  Ui^ge  undivided  sac  of  the  pericardiam  is  foldM 


4$o  THE   HEABT. 

fflde.  Near  the  median  line  the  connection  is  very  finn,UM 
Btructures  being  continuous ;  elsewhere  the  attachment  is  more 
is  effected  mainly  by  areolar  tissue.  The  pericardimn  is  fiiec 
front  by  two  ligamentous  bands  which  pass  to  it  from  the  m 
andensiform  process  of  the  sternum  (Luschka).  The  fibroai 
continued  above  for  some  distance  along  the  large  blood-yene 
form  of  tubular  prolongations,  which  become  gradually  lost  n 
external  coats.  Tlie  superior  vena  cava,  the  four  pnlmonaiy 
aorta,  and  the  nght  and  left  divisions  of  the  pulmonary  arter 
investments  of  this  kind. 

The  serous  layer  of  the  pericardium  not  only  lines  the  fibr 
but,  like  other  serous  membranes,  is  reflected  on  the  surface  of  1 
which  it  invests.  It  has,  therefore,  a  visceral  and  a  paricta 
The  parietal  portion  adheres  firmly  to  the  fibrous  membiai 
reflected  and  becomes  continuous  with  the  visceral  portion  a  shop 
along  the  great  vessels,  about  1  to  1|  inches  from  the  base  of  i 
In  passing  along  the  aorta  and  pulmonary  artery,  it  encloses  the 
in  a  common  short  tubular  sheath  (fig.  419,  5,  5).  It  is  reflt 
upon  the  superior  vena  cava  (c),  and  on  the  four  pulmonary  veil 
and  forms  a  deep  recess  behind,  between  the  entrance  of  die  rigfa 
veins  into  the  left  auricle.  The  inferior  vena  cava  (c/)  receives  m 
scanty  covering  of  this  membrane  (8,  2),  inasmuch  as  that  tbb 
the  right  auricle  almost  immediately  after  passing  through  t^edi 
and  is  only  partially  surrounded  by  a  reflection  of  the  peiks 
the  narrow  interval  between  these  parts.  None  of  the  YemA 
joining  the  heart,  with  the  exception  of  the  aorta  and  pnlmona 
where  they  are  united  together,  receive  a  complete  covering  1 
pericardium,  or  can  be  said  to  be  entirely  enveloped  in  the  sac 

IVhen  the  left  pulmonary  arteiy  and  subjacent  pulmonaiy  Tein  an  i 
a  fold  of  the  pericardium  will  be  seen  between  them,  which  has  been  t 
HarshaU  the  *'  vestigial  fold."  It  is  formed  by  a  dnplicatoro  of  t 
layer,  including-  areolar  and  fatty  tissue,  together  with  blood-Tcssels  n 
and  is  from  half  to  three-quarters  of  an  inch  in  length,  and  frcnn  hi 
inch  deep.  It  extends  from  the  left  superior  intercostal  vein  abofi 
monary  artery  downwards  to  the  side  of  the  left  auricle,  where  it  ii 
narrow  streak  which  crosses  round  the  lower  left  pulmonary  Tein. 
encloses  a  yestige  of  a  left  superior  vena  cava  (duct  of  Cuvier).  wYoA 
early  embryonic  life.  (MarshaU,  **  On  the  development  of  the  gm 
veins  in  Man  and  Mammalia,"  Philosoph.  Trans.,  1850.) 

The  pericardium  is  in  relation  in  front  and  behind  with  the  medii 
their  contents.  Anteriorly  also  it  is  covered  by  the  plcursa  and  to  so 
by  the  lungs,  except  below,  where  it  approaches  the  surface  in  the  ang 
to  the  left  of  the  lower  part  of  the  sternum.  At  the  sides  it  is  in  co 
the  phrenic  nerves,  as  well  as  with  the  pleura)  and  their  contained  yh 
relations  to  the  diaphragm  and  great  vessels  have  been  already  notioei! 

In  structure  the  serous  layer  of  the  pericardium  agrees  with  ***^ 
membranes  generally,  being  formed  of  connective  tissue  containing  a  i 
elastic  fibres,  blood-vessels  and  lymphatic  vessels. 

THE   HEABT. 

The  heart  is  a  hollow  muscular  organ,  divided  by  a  longitn 
turn  into  a  right  and  a  left  half,  each  of  which  is  again  saMUi 
transverse  constriction  into  two  compartments,  commnnicii 
each  other,  and  named  auricle  and  ventricle.    Its 


p^ 


FOBM   AXD    POSITION. 


» rf  m  blnnt  oone.     Enclosed,  as  before  said^  in  the  pericardium^  it 

ISO. — ThK  BXAAT  Ain>  G&BIT 

[  BiroRX  (R.  Qhmh).     | 

r  artery  luui  been  cut  shori 

•  origia  in  onlcr  to  show  the  tjrst 

orU.     1»  right  Tcntricle  ;  2, 

I  ;  3,  root  of  the  putmcnary 

4',  Arch  of  the  aort*  ;  i\  tho 

J  aotrta ;  5,  the  appeoidix  ftnd 

put  of  the   right  Auricle ;  6, 

the   left  aoricle  ;  7,  7%  iuno- 

jominit  to  form  the  ▼€&« 

r;  8»   inferior   rcna    cava 

»  diapliiapin  ;  9,  ooe  of  the  lftr;ge 

I ;  '^ ,  right ;  +  +,  Mt  coro- 


[  behJDd  the  stemnm  and 
[  cartilagefl  (fig.  4:^0  ;  on 
),  the  broader  end,  or 
ag  directed  upwardi*, 
,  and  to  the  rignt,  and 
ag  frc'in  the  level  of  the 
that  of  the  eighth  dorsal 
;  the  apex  downwards, 
,  and  to  the  left.  In  the 
_  subject  its  stroke  against 
'  wall  of  the  chest  is  felt  in  the 
Ice  hetween  the  cartilages  of 
fe  fifth  and  eixth  ribs,  a  little 
mm  and  to  the  inner  side  of 


U  If  L— Vbw  Of  mm  UMtvt  Kg.  42L 

kn  (SBKAT  Tissiu  wnom 
ktaxxh  liL  Qtuio).     i 

L,  right  veotride ;  2,  left 
liiride;  S,  right  pulmoiuijy 
lux;  %\  Hm  bnnchea  poflBusg 
lltlit  not  el  the  right  long ; 
[m  MM  of  the  left ;  i', 
i  flf  Uie  iKirtA  ;  4%  defioend* 
I  isrbi ;  5,  right  auricle  ;  6, 
plinwi!  OB  the  dirisioa  be- 
m  Uw  nfhl  and  left  atiriclee ; 
R^MOor  irem  cava;  7\  left 
Minfte  vem  ;  S»  inferior 
I  emt% ;  9,  right  hopntic 
I  ;  10,  11,  12.  right  pul- 
mry^  reiiu  ;  13,  14,  teft  pul- 
tgpf  TeiDft  ;  4- ,  ->• ,  braachcii 
hp  riig^l  &ad  left  Offfonarj 


left  nipple  ( S\ 
tap  from  the  middle 
Pw  stemmn  and  IJ 
I  below  the  nipple) : 
be  dead  liodj  the  apex 
I  little  higher  than  during  life.    The  heart,  therefore,  haa  a  very 

TOL.    II.  I  I 
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obliqne  position  in  the  chest,  and  projects  farther  into  the  k 
into  the  right  half  of  the  cavity.  Its  position  is  affected  to  a 
extent  by  that  of  the  body  ;  thus  it  comes  more  into  contact  i 
anterior  wall  of  the  chest  when  the  body  is  in  the  prone  posti 
lying  on  the  left  side.  In  inspiration,  on  the  other  hand,  wl 
diaphragm  sinks  and  the  lungs  expand,  it  recedes  slightly  ft 
chest-wall. 

The  heart  is  attached  at  its  base  to  the  great  blood-vesselSk ; 
serous  layer  of  the  pericardium  is  here  continued  on  to  it.  Ot 
the  heart  is  entirely  free  within  the  sac  of  the  pericardium.  The 
anterior  surface  looks  somewhat  upwards  as  well  as  forward*  tovi 
sternum  and  costal  cartilages :  from  these  it  is  for  the  most  part  ■ 
by  the  pleurae.  The  lungs  also  advance  over  it  to  some  extent,  and  e 
still  farther  during  inspiration,  so  as  in  that  condition  to  leare 
triangular  part,  not  more  than  two  square  inches  in  extent,  unoc 
The  postenor  or  under  surface  is  flattened,  and  rests  on  the  di^i 
Of  the  two  borders  or  margins  formed  by  the  meeting  of  the  i 
and  posterior  surfaces,  the  right  or  lower  border,  called  nuxrgo  m 
comparatively  thin,  and  is  longer  than  the  upper  or  left  border,  i 
more  rounded  and  is  named  margo  ohfiisus. 

A  deep  transverse  groove,  the  aunailo-ventricular  furrow^  difi 
heart  into  the  auricular  and  the  ventricular  portions  ;  and  on  ti 
tricular  portion  two  hngitiulitial  furrowSy  situated  one  on  the  ai 
the  other  on  the  posterior  surface,  mark  its  division  into  i 
and  left  chamber.  They  extend  from  the  base  of  the  venl 
portion,  and  are  continuous  one  with  the  other  a  little  to  the  i 
the  apex,  which  is  thus  formed  entirely  by  the  wall  of  the  left  ve 
The  anterior  longitudinal  furrow  (fig.  420,  +  +  )  is  nearer  to  the  I 
the  posterior  furrow  nearer  to  the  right  side  of  the  heart,  the  rigi 
tricle  forming  more  of  the  anterior,  and  the  left  more  oif  the  pc 
surface  of  the  orgim.  In  the  furrows  run  the  coronary  arteries  an 
with  lymphatic  vessels  and  nerves,  embedded  in  fatty  tissue  and  c 
by  the  lisceral  layer  of  the  pericardium. 


OAVITJUBB    OV    TEB    HZART. 

The  heart,  as  before  remarked,  contains  four  chambers  or  c« 
ments,  a  right  and  a  left  auricle  and  a  right  and  a  left  ventride. 

The  right  anriole  (fig.  420,  5)  is  best  brought  into  view  oo  ti 
the  heart  somewhat  to  the  left  side  ;  it  is  then  seen  to  occupy  tin 
and  anterior  portion  of  the  base  of  the  organ.  When  thus  Vie* 
auricle  appears  of  a  quadrangular  fonn,  the  superior  and  inferioi 
cavoB,  occupj-ing  respeptivelv  the  upper  and  lower  posterior  ans^ksi 
a  tongue-shaped  portion,  the  auricular  apj^mUx  or  aurick  /Tif 
seen  to  project  from  the  anterior  and  upper  angle  and  to  turn  to  t 
over  the  root  of  the  aorta.  The  main  part  of  the  auricle,  thi 
which  the  great  veins  directly  pour  their  blood,  is  commonlj 
sinus  venosus  or  atriuniy  to  distinguish  it  fnmi  the  auricular  ap| 
"When  oiKiUed,  the  interior  of  the  right  auricle  presents  a  smooi 

•  This  uncoTcrotl  jiart  may  l>e  market!  off  on  the  surface  of  the  chert  by  t 
drawn  from  the  iioint  of  the  ai»ex-beatto  the  middle  line  of  the  vtemom,  oMhfl 
tke  other  extending  obliquely  upwards  to  l)etwecn  the  fourth  cartilaimu 

f  So  termed  from  it^j  resemblance  to  the  external  ear  of  some  ^niniai«, 
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bee,  except  in  the  appendix  irhich  is  ridt^cd  vertically  with 
I  reticalated  muBcnbu*  bands,  and  upon  the  anterior  wall  of 
rwhere  similar  bundles  are  seen  extending,  but  here  niniiing 
Ith  one  another,  like  the  teeth  of  a  comb,  and  thence  tei-med 

Merior  wall  corresponds  with  the  partition  l>etween  the  two 
wptum  awricularum).  Near  its  lower  part  and  just  above  and 
\id.  the  onBce  of  the  inferior  vena  cava  is  an  oval  depression, 
W  fo99a  fwalu  (fig.  422,  3'),  the  remains  of  the  foramen  otale 

^VTZKtOB    OF  Fig,  422. 

^  XXFOeCD  BT 
OF  A  JAIIT  Of 
$Bt    A]Ki>    JUC- 

fAixa    (Allen 
i 

W  Fdm  osni; 

hm ;  3',  foaaa 

%  o*t  ftpcrturo 
Icomuuy  rein 
^ ;  -I- ,  -I- ,  an- 
hnXux  groove, 

E'on  of  the 
of  the 
tridc  luiv- 
bemd ;  i.  I, 
p,  iiie  c*vitj 
^entride ;  i', 
fetr    papiUjuy 

bft ;  h\  right,       m^^^^^^m^  ^^^H.        il 

inor  or  aeptal  ^^^|^^^^^^^^XM^^^9I^  M 
the  trictLspid 
pioiiarTutery, 
I  anterior  widl 
I  kjiTiog  been 
Id  II  narrow 
%  pRseiTod  &t 
pmoni  where 

coDC&Ti^  of 
dofetothe 

aticno- 
pttit 

at  its  commencement  by  the  auricolar  appendix  antl  pulmonary 
between  the  innominate  and  loft  common  carotid  tuteries;  10,  appendix 
iKid©  I  11,  11,  kft  ventride. 


/^ 


i/oraminh  avails),  which  is  an  open  paasaire  in  the  foetal  heart 
^'  ht  to  the  left  auride.  The /?s.fa  fwi'a//^  is  bounded  above 
ddes  bj  a  pi*ominent  border,  deficient  below,  the  aftnuhts 
i^tis  Fiettsseniu  whilst  the  floor  of  the  fossa,  formed  by  what 
Dusly  a  ^^alve,  is  thin  and  translucent ;  and  occasionally 
(bliqne  passage  leading:  into  the  left  auricle  is  left  between  it 
Innnlar  border.  At  the  rit^ht  part  of  the  cavity  are  seen  the 
the  superior  and  inferior  venae  cavre,  the  f^>riner  passmcf  down- 
i  forwards,  the  latkr,  the  larger,  being  directed  ttp^'i\i4s  anA. 

I  1  1 


inwards.  Between  the  two  orifices  is  a  slight  projection,  h 
in  certain  qiiadrni>eds  than  in  nian»  which  has  received  t 
misleading  name  of  iuberck  of  Low^7\ 

In  front  of  the  orifice  of  the  inferior  rena  cava,  and  partly^ 
a  crcscentic  foltl  of  the  lining  membrane,  the  Eustachian  ij 
continuons  by  ita  convexity  with  the  margin  of  the  renoot 
its  anterior  corno  is  prolrvnged  ioto  the  anterior  limb  ol 
ovalis.  Tliis vahc,  wliicii  is  very  vanahle  in  cliaract^r  in  thi 
often  criViriform  or  perforated  ^vith  holes,  is  an  impctrtaiil 
the  foetal  lieart,  and  scrtes  the  purpose  of  directin^^  the  sti 
from  the  inferior  vena  cava  through  the  foramen  ovale  intoti 
The  ot'her  openings  into  the  right  auricle  are  1,— the  aurkt 
ujmriure^  situated  in  front  of  tlic  inferior  vena  cava  and  < 
anterior  and  under  part  of  the  cavity  :  it  is  oval  in  fori 
admitting  three  fingers  easily  ;  2,  the  orljke  of  (he  eorm 
the  heart  (fig.  4T2,  S'*),  situated  between  the  inferior  i 
auriculo-ventricnlar  oi>ening  :  this  is  guarded  bj  a  semic 
sometimes  double,  which,  although  previously  figured  by  E 
often  named  valve  of  Thehesius ;  3,  o/jenmf/s  of  two  or  tfc 
cardiac  veins  from  the  surface  of  the  right  ventricle  ;  and 
mina  of  'fMesius,  a  number  of  small  pits  variously  sin 
which  are  merely  recesses  closed  at  the  bottom,  whilst 
mouths  of  small  veins  {ve/m  minimm  cordis). 


) ;  and 

situal 


According  to  L.  tanger  the  foramina  Thebesii  are  not  confia 
auricle  but  occur  m  all  the  cavities  of  the  heart ;  and  into  some 
the  vcntiicleti,  email  vema  which  proceed  &onL  the  muscular  i 
heart  open. 


Pig.  423. 


Fig.  423.— VrEw  or  ti«  ^sm 

BKUIND,  TU  anew  THE  OOBOl 

ThoKJBon).     4 

etf  placed  on  the 
polota  to  the  Eu^stach  ^^ 
the  opening  of  the  infena^ 
anriclo  ;  c,  right  ventricle ; 
f,  TCDa  cava  superior  ;  f^ 
1,  coronary  fiinus  ;  %  grcAt  t 
ing  round  the  heart  in  the  s 
groove ;  3,  posterior  cardiac  1 
G&rdiacreifi ;  5«oae  of  the  « 
pamiug  directly  into  1 
vestige  of  the  left  sup 
ing  over  the  left  aaricte  i 
eorotuiry  sinua. 


The  coronary  vein  (fig.  I 
Bidemblj   dilated    before 
auricle,  and  thi«  dilated 
embedtied  tn  the  ; 
anricle,   is  termed  tfa 
At  the  junction  of 
the  dilated  portion  there  1 
sistm^  of  one  or  two 
email  veins  likewif*e  enter  the  coronary  sinns,  each  of   them 
valve.      One  of  these  smuU  yeini*,  the  **  oblique  vein  "  of 
B),  takes  a  straight  coninse  from  the  vestigial  fold  before  mentj 
bock  of  the  lelt  anxicle^to  o-^en  \a\«  >ixft  c^sitcsiT^ax^  ^^\is,    Thia  i 
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I  orifioft :  it.  tog«tb«r  with  tlie  coronary  fliniis,  is  to  be  looked  upon  as 
^  of  the  original  left  isuperior  yenii  cava  of  the  embiyo  (vide  antea, 


sC  right  or  anterior  venta^cle  (fig.  420,  1)  occupies  the  chief  part 

e  anterior  surface  of  the  heart,  the  right  border,  and  a  Bmaller 

on  cif  the  posterior  surface.    It  extends  nearly,  but  not  quite, 

-He  apex.     The  upper  and  left  an^le  is  prolonged  in  a  conical 

to  the  commencement  of  the  pulmonary  artery:    this  part  of 

JBntncle  is  named  conm  arferwsHs^  c>r  {fi/imdibuhim.     The  mustiilar 

~  ihifi  ventricle  is  thickest  at  the   Ijase,   and   l)ecomes   thinner 

\  the  8pe£.     When  the  cavity  is  laid  open  (fii?.  422)  the  septum 

is  seen  to  bul^e  into  it,  so  that  in  cross  section  this  ventricle 

ic  in  form  (fig.  424,  U),     At  the  liase  of  the  ventricle  are  two 

protected    by  valves  ;    the    mirkidO'Veniriruhr,  of  an   oval 

land    situated  towards  the  right,  and  that  of  the  jmlmomin/ 

J  smaller^  more  elevatei  and  towards  the  left.     Bctweeu  the  two 

of  the  cavity  projects  downwards,  iii   the  form  of  a  thick 

L^ — Qmom  Sitcrtoir  of  ts¥  Pig.  424. 

k%       PART       OF       THa 

r  IT  TWo-raiRbs  from  thk 

LOOKDIO   fiOWWARl^S  IXTO 

BiCavit£ks(  Alien  Thomscm).  } 

1',  Wall  of  tiie  rigbt  ventride ; 
^  vrU  of  the  left :  3,  S',  seiitum ; 
ii  pnacipftl  ympUiuty  muscle  of 
^||(t  Tentricle ;  4',  snne  colunuuo 
pi  on  the  f«|ittua  near  the  front ; 
%i^ci9  posteriorlj  near  the  sep- 
b  S,  S\  (be  princtpat  itapiUaty 
W>  of  the  left  T^jotricle ;  6, 
|bif»«ii  part  of  the  canty  of  the 
i  f«trick ;  7.  Umt  of  the  left 
pUe  ai  tlie  Apex  of  the  heart. 

bded  mngcnlar  partition.  The  inner  surface  is  marked  by  muscular 
idleg,  "colmnnjB  cameae,"  some  of  which  are  attachetl  by  each 
x«mity  to  the  wall  of  the  ventricle  and  are  free  in  the  middle,  others 
I  only  sciilptttred  in  relief,  m  it  were,  beinp^  continuous  with  the 
D  of' the  ventricle  in  their  whole  length  ;  while  a  third  get,  forming 
I  principal  bundles,  an  anterior  and  a  posterior,  named  musffdi 
moTM^  are  connected  at  their  base  with  the  ventricular  widl,  and  by 
other  end  are  attached  to  small  tendinous  cords  {cJmnhT:  kndiftefE ), 
oagh  which  they  are  connected  with  the  sej^ents  of  the  amiculo- 
tricnhur  Talve.  The  inside  of  the  conus  arteriosus  is  smooth,  and  free 
n  columnse  cameaa. 

Tie  valve  guarding  the  right  auricnlo-ventricidar  opening  is  com- 
d  of  three  triangular  seginents,  or  flaps  (right,  left  or  infundibular, 
pofltenor  or  septal),  and  is  hence  named  the  iricmpul  The  flaps 
miiiiily  formed  of  fibrous  tiasue  covered  by  endocardium.  At 
r  bttfcs,  they  are  continuous  with  one  another,  so  as  to  form  an 
alar  membmne  attached  around  the  margin  of  the  auricular  open- 
:  they  are  directed  dow^nwards,  and  are  retained  in  position  wdtbin 
veniride  by  the  chordte  tendineoe,  which  are  attached  to  their 
;ricular  snrfacest  and  free  mai^nB.     The  middle  part  of  each  ift^- 
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ment  is  thicker  than  the  rest,  whilst  the  marginal  partis 
parent,  and  jagged  at  the  edges  (compare  fig.  428,  B,  ^  ^. 

The  chordffi  tendinesa  from  the  anterior  pajnllary  mnsole  pti 
between  the  right  and  left  eegments,  to  be  attached  to  botli :  the  dn 
from  the  posterior  papillary  mnacle  are  attached  in  like  manner  to 
posterior  segments  ;  while  others  forming  a  third  set  spring  dixeetii 
face  of  the  septum,  sometimes  from  smaU  eminences  npon  it,  and 
to  be  attached  to  the  adjacent  borders  of  the  left  and  posterior  segi 

During  the  contraction  of  the  ventricle,  the  segments  of  the  tbI 
to  the  opening  leading  from  the  auricle,  and  prevent  the  blood 
back  into  that  cavity.  Being  retained  by  the  chordse  tendinen, 
flaps  of  the  valve  resist  the  pressure  of  the  blood,  which  would  o 
them  back  through  the  auricular  orifice ;  the  papillaiy  moBclM, 
the  cavity  of  the  ventricle  itself  shortens,  prevent  the  valve  froc 
much  towards  the  auricle.  In  the  angles  between  each  pair  of 
segments  of  the  auriculo-ventriculor  valves  there  may  be  found, 
stantly,  as  many  small  intermediate  lobes. 

According  to  Kiirschner  (Wagner*s  Handwortexbnch,  art.  "  He 
there  are  three  kinds  of  cords  to  each  segment ;  a,  the  first  set  gei 
four  in  number  and  proceeding  from  two  different  sets  of  papiUss,  • 
these  and  the  wall  of  the  ventricle,  run  to  the  attached  maiigin  o 
and  are  there  connected  also  with  the  tendinous  ring  round  the  anr 
lar  opening ;  ^,  the  second  set,  more  numerous,  and  smaller  than  tl 
also  from  two  adjacent  papillary  muscular  groups,  and  are  attach 
to  the  back  or  ventricular  surface  of  each  segment  along  two  or  ; 
tending  from  the  points  of  attachment  of  the  tendons  of  the  fin 
base  of  the  valve  to  near  its  free  extremity  ;  o,  the  third  set.  which 
numerous  and  much  finer,  branch  off  from  the  preceding  ones,  aa 
to  the  back  and  edges  of  the  thinner  marginal  portions  of  the  v 
muscular  fibres  prolonged  from  the  neighbouring  walls  of  the  aozi 
into  the  segments  of  the  auriculo-ventricular  valves  ;  blood-vaasc 
these  but  in  all  other  parts  the  valves  are  non- vascular  (L.  Lsnger] 

A  fibrous  band,  sometimes  muscular,  is  often  found  stretching  ao 
of  the  right  ventricle  from  the  base  of  the  anterior  papillaiy  muse 
turn.  It  represents  the  strong  '*  moderator  "  band  found  in  the  hi 
and  of  some  other  mammals,  and  in  that  of  birds  (Bolleston). 

The  valve  at  the  orifice  of  the  pnbnonaiy  arteiy  oons 
flaps,  a  right  and  left  and  a  posterior,  named  from  their  ahai 
or  sigmoid  (fig. 422  ;  fig.  427, 1):  they  are  constnicted  Binm 
on  the  left  side  at  the  root  of  the  aorta :  and  as  the  characte 
named  are  better  marked,  the  more  complete  description  wil 
nntil  these  are  treated  of. 

The  left  auricle  occupies  the  left  and  posterior  part 
of  the  heart.  The  atrium  presents  from  behind,  where  it 
a  quadrilateral  appearance  (fig.  423,  h).  In  front  it  is  in 
the  aorta  and  pulmonary  artery ;  behind,  it  receives  two  put 
on  each  side,  those  from  the  left  lung  entering  very  close  I 
the  right,  it  is  in  contact  with  the  other  auricle.  The  auru 
age  (fi^.  420,  6)  is  the  only  part  of  the  left  auricle  seen  fr« 
it  extends  fonvards  frooi  the  left  side  of  the  atrium,  and  en 
the  right  side,  resting  on  the  pulmonary  artery.  It  is  moi 
well  as  longer  and  narrower  than  that  of  the  right  am 
margins  are  more  deeply  indented. 

The  interior  of  the  appendix  presents  musculi  pcctinaj 
similar  to  those  in  tiie  x\^Vi\>  «\vi<^  ol  \X\&  Vi^^^axt^but  the  walb 
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i€T  smooth  and  even,  and  are  also  tWcker  than  those 

it  ftoncle.    Posteriorly  the  opnin^  of  the  pulmonary  veins 

■oaDy  two  on  each  side,  and  without  valves  (fig.  425, 1).    The 

rf  one  or  both  sides  sometimes  unite  into  one  before  entering 

^  whilst  in  other  cases  there  is  found  an  additional  opening. 


bm  L17T  ArBicLx 

tSX    WALL    ni- 
13  TO  S^lfOW  TBStm 

{Alka    Tbom- 


Fig,  425. 


of  the 
iUtr  bw  bc^n  cut 
ft  mt>^  the  AorU  : 
Ittto  the  left  Ten- 
MD  mried  »  thoti 

ibe  AortA  betireen 

MmilitiiAr  fliipa  ; 

snricle  witli  its 
lA  been    reniowd. 

n^t  politiotuuy 
boft ;  Vf  phetd 
lairitf  of  the 
b«  left  fiido  of  tho 
on  the  port  which 
Biiia  of  Um  valre 
luuii  OTkle,  of 
■Kentk  bolder  k 
i  luuTOw  petika 
!of  tbe  siirideMid 
pmn4  BTOund  tbe 
tnealttr  ovificQ ;  3» 
IM  of  the  waU  td 
b,  seen  to  become 
dinner  towards  3^, 
\  ^^moaJH  port  of 

tbe  left  ventricle 
pen  preferred  with 
jmpilUry      loiuele 

it ;    5,    5t    right 
lo8 ;  &\  the  left 
m  ▼entriculo-  X.^ 

•oterior  or  lortic  :  ,^^"' 

6'.  the  posterior  ^ 

\   aegmODt    of    the 

p ;  7,  pUoed  in  tho  interior  of  the  aorta  near  it^  commencement  and 
MTe  ;  7\  the  exterior  of  tbe  great  ac»rtic  sinna  ;  8,  the  upper  part  of  tbe 
pMas  with  the  root  of  the  pulmonary  artery  and  ita  semilunar  Talfes  ;  8', 
Id  portioD  of  the  ptilinonary  artery  remaining  attached  to  the  aorta  by  9, 

tbe  dncvos  arterioima ;  10,  the  arteries   rising  from  the  sauunjt  of  the 


tiently  on  the  ri^ht  side.  In  the  lower  and  fore  port  of  the 
litnatcd  the  left  aurkuh-ren(rkuktr  orifice.  It  is  of  an  oval 
1  is  rather  smaller  than  the  corresponding  opening  between  the 
'de  aod  ventricle.  On  the  septum  between  the  auricles,  a 
aon  may  be  observed  (T),  oomparable  to  a  mark  made 
ail  on  a  soft  surface.  This  is  the  vestij^^e  of  the  foramen 
appears  on  the  left  side.  The  depression  is  limited  by  a 
rid^^  the  coBca\itj  ot  which  is  tamed  upwatd&,  «ai^ 


I 
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which  h  in  fact  the  border  of  the  now  adherent 
which  during  fcetd  life  is  applied  to  the  left  side  of  thcU»i 
men  ovale.    The  line  of  adhesion  may  vary  &o  as  to  leave 
a  pocket-like  recess. 

The  left  or  posterior  Tentricle  occnijies  the  left  border  at 
but  only  about  a  third  of  it^  extent  apix'Ai's  on  the  anterior  I 
rest  being  seen  behind.  It  is  longer  and  narrower  thia 
ventricle,  and  tha  cn>e8  section  of  its  cavity  is  oval,  not  cw 
septimi  on  tins  Hide  being  concave  (fig.  4:^4).  Its  walk,  whid 
near  the  apex,  are  nearly  three  times  m  thick  as  those  « 
ventricle^  are  thickest  at  the  part  where  the  ventricle  ii 
one-Jbtirth  of  its  lengtli  from  tlie  kise  (tig.  42a,  3)  ;  frwn 
they  IxTome  thinner  towards  the  anriciihir  opening,  and  stall 
w^ards  the  af>ex  ^}^*'),  which  is,  therefore,  the  wc^est  part 
memhmne,  which  is  eontinuons  with  that  of  the  lefl  ann 
aortii,  is  usually  leas  transparent  than  that  of  the  rigfi 
especially  in  later  life.  In  tlie  interior  of  the  cavity  are  nf-ftit 
carueif^,  muRculi  pnpillares  with  chordje  tendineie,  and 
guarded  with  valves.     The  columfut  cartiea  are  smaller  thaa 

Pig.  426. 


Fig.  42fl,— View  or  tub  iusb  ov  tub  vUNTRicifLAJi  part  of   tbx 

(Allen  Thomson),     f 

The  maacul&r  fibres  of  tlie  ventrtcloB  aro  eipoMd  by  the  TemoT»]  ol  I 
fat,  bliTfjdTeasels*  kc  ;  the  pulmoitaiy  uieiy  uid  a«rta  and  the 
niov<x1.  The  T^lves  Kte  in  tho  closed  condition.  1.1,  right  Teni 
r]o§Q8 ;  2,  2,  left  Tentride  ;  3,  3,  the  divided  wall  of  the  right 
left ;  5,  the  left,  5',  the  rights  and  5",  the  iMiplftl  segment  of  the  trie 
anterior  or  aortic,  and  6',  tho  posterior  ot  parietal  segment  of  th«  mil 
anglei  between  these  Regmente  are  seen  amaUer  6ingQs) ;  7,  the 
pjaoed  upon  tlie  root  of  the  aorta ;  9|  the  rights  9^,  the  left  coronajT^ 

right  ventricle,  but  are  moT^  nnmerouB  and  more  cloself 
Their  intersections  are  very  numerous  uear  the  apex  of 
also  along  its  i^stcTior  wall,  but  the  ujiper  piirt  of  the  aut 
septmii  is  comparAtlvely  wawtk.    TW  mu«cu(i  yapil'     ~ 
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^  tiro  gronpBy  which  are  larger  than  those  of  the  right  Ten- 
Be  two  orifices  of  this  ventricle  are  sitoated  very  close  together, 
fof  the  B^ments  (fi^.  426,  6)  of  the  anriculo- ventricular  valve 
I  the  auricular  opening  is  placed  at  the  left  and  posterior  part 
Ite  of  the  ventricle ;  the  aortic  opening,  in  close  proximity  in 
I  towards  the  right.   . 

pMifiitfor  mitral  valve  (fig.  426, 6  6'),  at  the  left  auricular  opening, 
I  in  structure  the  tricuspid  valve  of  the  right  ventricle,  but  it  is 
Icker  and  stronger  in  all*  its  parts,  and  consists  of  only  two 
Mgments,  continuous  at  their  attached  bases.  The  larger  of 
Kgments  is  suspended  obliquely  to  the  right  and  in  front  of  the 
fcween  the  auricular  and  aortic  openings  :  the  smaller  to  the  left 
hd,  and  close  to  the  wall  of  the  ventricle.  There  is  usually 
r  lobe  at  each  angle  of  junction  of  the  two  principal  seg- 
Kxre  apparent  than  those  between  the  segments  of  the  tricuspid 

ha  ri^rlit  ride,  the  two  sets  of  choidsB  tendinesQ  from  the  papillary 
tioeed  each  to  an  angle  between  the  two  segments,  and  are  attached  in 
er  to  their  margins  and  ventricular  surfaces  (fig.  426,  and  fig.  428  B,  r), 
»  musculi  papillares,  when  they  contract,  tend  to  bring  the  edges  of  the 
her.  The  chord®  tendinesQ  are  stronger  and  lees  numerous  than  in  the 
ricle.  Small  bands,  partly  muscular  partly  tendinous,  may  often  be 
wdng  the  cavity  of  the  ventricle  in  various  directions.  They  appear  to 
s  of  the  spongy  structure  of  the  cavity  during  a  part  of  embryonic  life. 

ix2rial  or  aortic  orifice  circular  in  form,  and  smaller  than  the 
,  is  separated  fi*om  it  only  by  the  attachment  of  the  anterior 
of  the  mitral  valve.  As  in  the  pulmonary  artery,  its  valve 
>f  three  semicircular  flaps  {semilunar  or  siginoid,)  (fig.  427,  II) 
v-hich  is  attached  by  its  convex  border  to  the  side  of  the  artery 


Fig.  427, 


-Teb  oxiLinrAK  valves   or  thb  aorta  akb  pulmorart  abtbrt,  sees 
FROM  THEIR  DISTAL  SIDE  (Allen  Thomson). 

i«ne  section  of  the  pulmonary  artery  immediately  above  the  attachment  of  the 
nJves :  a,  the  left,  and  c,  the  right  anterior  segments ;  6,  the  posterior  segment : 
idi  the  linas  of  Valsalva  is  seen,  and  the  attiu^hment  of  the  valve-segments  to 
raU  of  the  artery. 

lilar  section  of  the  aorta :  a,  the  left  posterior  segment,  h,  the  anterior  segment, 

onesponding  sinuses  of  Valsalva,  from  which  the  coronary  arteries  are  seen  to 

crigin ;  c^  the  right  posterior  segment ;  d,  the  right,  and  e,  the  left  coronary 

■Id  appear  that  the  above  nomenclature  most  correctly  describes  the  rehitive 
tlie  viUve-segmcnts.  Those  of  the  pulmonary  valve  are  often,  however,  spoken 
ilerior,  a,  a&d  two  posterior ;  and  those  of  the  aortic,  as  a  po6t«rior,  c,  and 


Fig.   428.— Tiiti 

YALVBSf  AS  set 
THB  TXXTUlClJ 
800), 

A,   portion 
artery  and  i 
tricle  with  om] 
two  half  I 

site  the 

surface  of  the  i 
curved  attached  h 
meats  ;  S,  tho  mi 
border  (oorpna  Ai 
6,  portion  of  th 
of  the  tef  t  Teatritl 
segment  and  two 
the  aortic  ralTe,  i 
anterior  segment 
nilre ;  a^  b^  r«  no 
opposite  the  acgm 
b,  tho  apettttnt  i 
.orteriea  arift  9tm  ; 
Hurfaeeof  thewiH 
1,  2,  and  S,  at  b 
base  of  the  a&ia 
the  mitral  ralve  j , 
tweeti  f ,  and  t\  kd 
mcnt  of  the  hr 
tc^ndiceic'  to  the  m 
surface  of  the  ▼*! 
right,  h,  left  przx 
miucte  :  the  cat  d 
are  those  which  be 
tenor  segment  an 
intermediate  aqgmi 


The  B^ftiieiitfi< 
are  composed  of 
covered  by  a  pi 
the  endo-cutLim 
side,  and  of  tftie 
the  artery  on  t] 
Their  thiokncM  1 
rent  parts.  A  te 
strengthjens  the 
the  Talve^  and  i 
of  that  margin  there  U  a  aligM  flbro-cartilagmous  thicskening,  I 
ctirpui  Arantii  (fig»  428,3),  Other  tendinous  fibres,  arising  from 
bolder,  run  in  the  Talre  towaida  the  nodule ;  oocnpying  ttt  whoZe 
two  narrow  lunated  porticmUr  one  on  each  side,  adjoining  the  free 
valve.  These  parts,  which  are  named  hnuhF,  are  therefoCQ 
the  rest.  There  la  also  a  strengthening  fibrous  cord  ifarrotuiding 
border  of  each  valve.  The  wall  both  of  the  aorta  and  puknon 
out  oppoeite  each  semOtmar  H&p  :  these  bolgings  are  known ' 
Vftfjfftlrn.  In  the  aorta  these  are  situated  one  anteriorly  and  two  i 
and  left).    From  the  ant^nox  «^Ma  ^3a&  Tvi^\t  ^aato^^iar^  artery |^ 
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left  ooronaiy  arteiy :  theee  vessels  being  for  the  supply  of  blood  to 
B  of  the  heart. 


BCnOV  THBOUQH  OITl  OF 
or  THB  AORTIC  YALYB,  ASD 
X  OOEEKSPOHDIKO  SIITUS  OF 
riTH  THX  ▲MOINIHO  PABT 
nSTEXCULAR     WALL.         (Y. 

livn,  prolonged  orer  the 
adocardial  tinae ;  e,  fifaroos 
I  valre,  thickened  at  if 
I  edge ;  d,  section  of  the 
ction  of  the  fibrons  ring; 
res  (^  the  Tentricle  attached 
areolar  tissne  at  the  base 
b  ;  9.  v.,  sinna  Yalsalrse  ; 
middle,  and  oater  ooato  of 


ntf  of  the  siiiTuee  of 
greater,  and  the  tendi- 
in  the  Talves  is  more 
ked  at  the  month  of  the 
t  the  oommenoement  of 
y  artery. 

f  the  left  ventricle  ad- 
oot  of  the  aorta  forms 
ipartment,  the  '*  aortic 
!  Sibion,  the  walls  of 
cofos,  or,  in  some  parts, 
inoos,  so  that  it  remains 
and  allows  space  for 
laps  of  the  aortic  valve 
tring  diastole. 


Pig.  429. 


SF 


PABT8  OF  THX   HILABT  WITH  BXLATXON  TO  THB 
WAIili  OF   THO   THORAX. 


ro-thirds  of  the  bulk  of  the  heart  lie  to  the  left  of  the  middle 
0).  The  right  auricle  (3')  lies  behind  the  sternal  ends  of  the 
1  and  fifth  costal  cartilages,  and  the  intervening  portions  of 
tal  spaces,  and  is  also  p^lj  covered  by  the  right  edge  of  the 
lie  point  of  its  auricular  appendage  is  exactly  behind  the 
on  a  level  with  the  upper  border  of  the  third  costal  carti- 
The  left  auricle  extenos  vertically  from  the  level  of  the  lower 
he  second  left  cartilage  to  the  upper  border  of  the  fourth 
.) ;  and  in  breadth  corresponds  to  the  body  of  the  eighth 
bra  and  the  head  of  the  adjoining  rib.  The  apex  of  its 
4)  is  in  the  lower  part  of  the  second  intercostal  space  or 
jluid  costal  cartilage,  about  an  inch  and  a  quarter  from  the 
ttemum.  The  right  ve^xiricle  extends  from  albove  down  from 
the  sixth  cartilages  on  the  left  side.  The  conus  arteriosus 
projecting  part,  being  uncovered  by  lung.    The  attriculo- 


Pig.  430— glltl-DUaRAintATIOWirElBBITATIOW  Of  THX  rHVT,  «0  SBQV  fit  1 

or   TBI   ukaiit   axd  great   iruBiia,   ij  sebn    »iLutj(D  ms  ft^um  i 
GAUTiLAtiKS  (A,  TboDiMii,  modified  from  Luachbi),     | 

TIm  lotigs  bftve  flhrttnk  from  ib«  front  of  the  fhmU    Thm  iMui  ii  i   , 
tlwa  dsriug  life,    and   the   aorta  more  to   the   right     a^  ngkt  ciftvloltf 
ftStietlt   muacle ;     e,    siemo-mastoid    mnsclo  divided ;    d,    ^ 
-I-,  axUkry  nenrea  above  Uie  nibdavian  artery ;   t,  tmdMk  b«bw  t^  ill 
thyroid  body  ;  /,  /,  upinj  aurface  of  the  diaphragm  ;  ff,  tf,  lim^i  i  g^.mi 
apex  of  the  lung  appearing  in  the  neck  ;  A,  ngbl,  h\  loft  Uba  of  tkt  Ihvi 
A:,  i:,  tranarerpe  colon  ;  I,  to  X,  first  to  tenth  nba  n«ir  tfa«ir  oilflnw ; 
the    lowar  part  of  the  mannbriom  of   the  ileniiiB,  ami  over  tli#  \ 
(ia4ic»ied  l^  dot1«d  linet^) ;  2',  placed  in  the  Moond  kft  ia«« 

the  pulmonary  artery ;  3,  appendix  of  the  rifbl  anride ;  S'.  on  4]h  i  

the  third  spaoe  ;  T,  iU  lower  part  at  the  junaion  of  tbe  auctli  eBd  tmmmm 
tUagcki  Willi  tbe  itcmam ;  4,  U^  auncolaj-  appendix ;  &,  5,  ri^  YMitficli|M^ 


J 
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■L  «f  the  heart :  the  white  line  outside  the  heart  is  intended  to  indicate  the  external 
^Bam,  as  if  the  anterior  half  were  removed  by  a  transverse  incision  ;  7,  7,  vena 
iMrior  ;  S,  S,  internal  jognlar  veins  ;  9,  9,  subclavian  veins,  joining  the  jogolar ; 
*9,  innominate  veins  ;  the  right  rising  bdiind  the  stemo-clavicular  articulation,  the 
ning  obliquely  behind  the  upper  half  of  the  manubrium.  The  position  of  the  first 
rf  the  innominate  artery,  left  carotid  and  left  subclavian  arteries,  is  indicated  be- 
ad below  this  vein  ;  9',  9^,  outer  part  of  the  subclavian  arteries.  It  is  to  be  observed 
•  this  figure  the  attachment  of  the  sixth  costal  cartilage  to  the  sternum  is  represented 
jlioohigh. 

liaiktr  sulcus  corresponds  with  a  line  drawn  obliquely  upwards  from 
the  sternal  end  of  the  sixth  costal  cartilage  on  the  right  side,  to 
llird  cartilage  on  the  left.  The  rounded  margin  formed  by  the  left 
ride  extends  on  the  left  side  from  the  third  cartilage  to  a  point  in 
Ifth  space  two  inches  vertically  below  the  nipple.  The  sharp  margin 
0d  by  the  right  ventricle  passes  from  the  sternal  end  of  the  sixth 
hge  on  the  right,  and  passes  transversely  behind  the  seventh  right 
hge,  the  ensiform  (at  its  upper  third),  and  the  seventh  left  cartilage, 
aei  the  other  margin  at  the  apex. 

lie  apex  of  the  heart  (fig.  430,  6')  is  situated  about  Z\  inches  to  the 
)f  the  middle  line,  in  the  fifth  intercostal  space,  close  to  the  upper 
dn  of  the  sixth  rib. 

le  auricuhhvmtricular  openings  lie  slightly  to  the  left  of  the  line  of 
nricolo- ventricular  sulcus.  The  right  orifice  lies  behind  the  sternum, 
kvel  with  the  fourth  intercostal  space.  The  left  is  behind  the  left 
of  the  sternum,  on  a  level  with  the  fourth  costal  cartilage.  The 
%  of  the  pulmonary  artery  is  placed  immediately  to  the  left  of  the 
mm,  behind  the  edge  of  that  bone  and  the  third  cartilage,  and 
pulmonary  trunk  extends  up  to  the  second  left  cartilage.    The 

0  orifice^  also  partly  behind  the  left  half  of  the  sternum,  is  on  a 
t^y  lower  level  than  the  orifice  of  the  pulmonary  artery  (being 
iite  the  lower  part  of  the  third  cartilage  and  the  third  intercostd 
b),  and  is  covered  by  it  in  one-fourth  its  diameter.  The  aortic 
» is  exactly  behind  the  posterior  wall  of  the  conus  arteriosus. 

nrmcATB  btbuotubx  of  tho  heabt. 
be  heart  is  closely  invested  by  a  serous  membrane,  the  cardiac  peri- 
iam  (epicardium)y  and  its  cavities  are  lined  by  a  smooth  membrane, 
ed  the  endocardium^  but  the  main  substance  of  the  organ  is  com- 

1  of  muscular  tissue  (myo-cardiiim),  with  a  certain  amount  of 
Btitial  areolar  tissue  and  numerous  blood-vessels,  lymphatics,  and, 
me  parts,  nerves  and  ganglia.  There  is  also  a  considerable  amount 
t  chiefly  collected  at  the  base  of  the  heart  and  beneath  the  peri- 
[nm,  while  in  connection  with  the  large  orifices  at  the  base  of  the 
rides  a  mass  of  fibrous  tissue  and  fibro-cartilage  occurs,  which  in 

animals,  as  the  ox,  is  bony,  and  is  known  as  the  os  cordis.  This 
al  fibro-cartilage  is  placed  in  the  angle  between  the  aortic  and  the 
amiculo-ventricular  openings  (see  fig.  426),  and  from  it  pro- 
I  pass  in  various  directions.  One  of  these  extending  downwards 
eet  the  fleshy  septum  of  the  ventricles,  separates  the  left  ventricle 
the  right  auricle,  forming  the  right  boundary  of  the  aortic  vestibule. 
)  processes  form  the  bases  of  what  have  been  described  by  authors 
\  fibrous  or  tendinous  rings  of  the  auriculo-ventricular  and  arterial 
[ig&  The  fibrous  tissue  of  these  rings  is  continuous  with  that 
L  MB  found  in  the  segments  of  the  valves,  strengthened  on  the  sides 
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next  the  fioptTim  bj  the  procesa^  from  the  fibro-cari 
the  arkriu!  orifices  give  attachment  Ixlow  to  some- 
fiisciculi  of  tlie  ventricle,  whilst  aV>ove  they  project  bet 
the  vuhes,  wihh  the  curvt>«l  border  of  which  they  are  eoul 
as  with  the  middle  coat  of  the  art^^iy.    The  fibres  of  the  itt 
the  artery,  hei-e  comparatively  thin,  are  not  aiTangied  ami 
other  parts  of  tlic  vessel,  but  converge  to  the  intervaU 
fiiiinses  ctf  Valsah'a,  to  be  attached  to  tbe  projections  of 


Fig.  dSl. 
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Fig.  431  .—A 
HMAST    or   1 

DISSECTED  An 
IHd,  TO  SHOW  ' 
XUSCITLAIt  Fm 

Bon). 

This 
.   of  LitaGiL£&*i, 
chiefly   takes 

preparation. 
putiDoiiarj  arter 
cut  «hort  doae  i 
Yalv«s,  eo  as  to  I 
fibrei  of  the  eq 
ficial  layer  of  t 
right  Tentrif  le  ; 
left ;  e^  Cy  Enter! 
lar  grooTe,  from 
ary  ress^s  bEvi 
*t,  right  niiTick ; 
both  showing 
fibretf;  r,  u[ 
ftuinclo  ;  bet< 
transverse  fibi 
aorU  i>nas 
e'f  appendix  of 
perior  TeziE  ewn 
near  the  eutiq 

are  Been  j   ^,   ff\  right  and   left   pulmonary    veina  with    oireulas 

«iinx>iindLng  them. 

Tlie  tendinous  rings  of  the  aortic  and  left  anricnlar  orifi* 
so  that  when  the  fibrous  tissue  is  destroyed  by  boiling  th 
n?n  into  one. 

AEBAHQEMUNT   OW  THBS    MUSCUI*AR   FASCTCtI 
The  arrangement  of  the  fasciculi  (or  '*  fibres/*  ns  they  arc  a 
in  the  auriclea  and  ventricles  most  be  oonsidered  seponitely,  i 
bimdlea  of  the  two  are  not  contjnuoua,  being  only  connected  by 
around  the  Quriculo-vcntnculur  orifices  :  in  conformity  T^-ith 
after  boiling  the  heart,  the  auricles  may  be  easily  separat-ed  front 

Fibres  of  the  auricle  b*— These  conedst  of  a  Fnperficial  set,  « 
cavities,  and  of  dce|>er  fibers  proper  to  each.  The  i^uperj^cial 
versely  over  both  venoiia  einiiBes,  and  are  most  ntuneroos 
snrface ;  eome  pass  in  at  the  inter-aurictilar  eeptnm  (fig^.  isr 
fibres,  which  are  proj^r  to  each  aariclc,  eome  pasa  over  the  anzic 
be  attached  by  both  extremities  to  the  corregpoofiing  auricolo-vi 
(^hn*jftd  fbrt*j!).  Others,  which  are  i/ermed  tinnttlfir  fiftrcx^  encud 
appenda<§:es  (%,  431  d\  431  tr\  aome  longitudinal  fibrea 
Annular  fibres  also  surround  the  entrances  of  the  venas  cane 
and  of  the  coronary  vein  and  the  pulmonary  veins  on  the  le 
(^,  A)t — the  mnacidar  fibrea 
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llj  tipon  tlia  superior  Tena  cava  and  the  polmonaiy  rems.    The 
i  septum  i^  al«io  encircled  by  annular  fibres. 
ftT«ntrlcIe8. — Tho  muscalar  fasoiculi  of  the  Tentrides  hare  a 
sition.  which  has  received  great  attention  from  anatomists* 
I  Afcatonents,  however,  are  oonflicting^,  and  it  must  be  ooniessod  that 
its  of  further  investigation.* 
B  cater  surf  ace  of  the  ventricles  (figa.  431,  432,  a^  h)  extend  from 
fi^ej  are  attached  to  the  tendmous  Btrnctured  aroand  the  orlficeSt 
e  apejc  of  the  hearty  where  thej  pass  wiih  an  abrupt  twist  into  the  interior 


^OmtElOR  VIEW  Of 
KB  VK&FkBATIOVf  AB 
MMSTWD    t!f     TSE    PRX* 

rtouaa   (Allim  Thom- 

I  Tentricle  ;  b^  left 
e,  pCMrtcrior  intcr?eii- 
oove,  6x)ia  which  tfie 
neaeU  have  been  re> 
,  right  auride ;  e,  the 
vperior  vena  cava  ;  //, 
lary  vein*  cot  rfiart ; 
of  the  great  coronary 
fid  bj  maseolar  fibres  ; 
Hf  ooronary  v«iti  joining 
ipal  one ;  f\  inferior 
;  9,  Eu£tachiui  vidve. 

eft  ventricle.  Their 
tecAatm  10  not  vertical 
I8V  especially  in  front 
JQst  aa  if  while  the 
froigaa  remained  fixed 
ud  been  twi5ted  half 
tlie  direction  of  the 
the  handd  of  a  watoh. 
1  a  distinct  thin  saper- 

•iim,best  marked  at  the  -^^- 

te  right  ventricle,  for 

lirection  of  the  flbrea  is  quite  different  from  those  immediately  beneath. 
ick  they  pass  over  the  septnua  without  turning  in  :  at  the  front  they 
W'hat  Lntermpted  by  fibres  which  come  out  from  the  septum ;  except 
ha  base  and  apex,  where  they  cross  uninterruptedly  from  one  ventricle 
ler  (fig.  433). 

nperficial  fibres  be  traced  into  the  interior  of  the  left  ventricle  at  the  apei» 
I  that  they  pase  for  the  most  part  into  continuity  with  the  papillary  mua- 
the  adjacent  parts  of  the  inner  layer  of  muecnlar  fibres  of  that  cavity. 
boee  which  are  seen  croasing  over  the  front  and  left  side  of  the  heart  can 
i  the  posterior  papillary  ni nicies,  whil:*t  those  which  paBS  over  the 
ht  aide  of  the  heart,  are  chiefly  continuous  with  the  anterior  papillary 
I  the  miperficlal  fibres,  however^  after  gaining  the  interior  of  the  left 
I  peas  into  the  papillary  mudclcs,  but  spread  out  as  an  inner  vertical 
'  faaciculi,  whidi  pass  upwards  to  be  attached  to  the  fibrous  rings 
le  of  the  ventricle. 

Toliar  spiral  concentration  of  the  fibrea  of  tihe  heart  at  the  apex  is  known 
•trr  or  frfiorl,  and  is  produced,  m  already  described,  by  the  twiittiDg  or 
r  of  the  external  fibres  as  they  pass  to  be  oontinuoua  with  those  ia 

nee  of  description  in  the  following  acconnt  of  the  conrse  of  the  fibres, 
apposed  placed  ajjcx  do^-n wards,  and  with  the  anterior  and  itosterior  sorfaoea 
FMoapiad  hj  the  two  veatriiles  (aa  represeiited  in  figa.  431,  432)* 
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the  intedoT.     It  has  been  thought  that  a  simOar  oontinuity  ^ 
the  base  of  the  heart  all©,  and  that  few  if  any  of  the  bundles  are  a 
tendmous  nags.    But  although  it  Is  trae  that  some  bundlei  i 
tlie  auriculo-ventricalar  openings,  thia  is  by  no  means  ^eaeial,  md  i 
moBcular  faacicnli  must  be  described  a<f  being  attached  to  the  SJaam  i 
cartilaginouB  structures  at  the  horn,  either  directly  or  through  the  f 
chordm  tendineee  and  flegments  of  the  valves. 

Fig.  433. 


Fig.    48S.— SUKFAOS   FISBKS  DV   TU8   VKKXalOLKS  OF  THl   W3MAX   SXilS  # 
FaOHT  AMD  BKLOW  (Reid). 

ht  bundle  of  fibres  emer^nng  from  the  interior  of  the  left  ventricle  ftt  U 
nnd  crossing  the  lower  part  of  the  septum  ualatemiptedlj.  At  d  the  waiht 
somewhat  interrupted. 

The  greater  part  of  the  thickness  of  the  wall  of  the  left  ventnck 
of  Jihre^  whieb  are  attached  above^  like  tboae  jnst  described,  to  tlie  ill 
at  the  baae.  From  there  they  pasa  obliquely  downwaxxla  in  the  poMleck 
wall  and  more  directly  downmrds  in  the  anterior  wall  towards  thei 

V\g.  431-  Fig.  434.— Viiw  ot  na 

THI    9HKBP*9    SX4K7, 
AT     Tffl     AFKX     »    I 

"voRTEJt"  (Pet%jin 

a,  a^  fibrrd  cntetiiig  iha 
ieriorly  at  6;  c,  tf,  " 
the  apex  anteiior^i 

^>efore  reaching 
alined,  especially 
litres,  somewhat  a 
the  front  of  the  wtplm 
they  enter  neftr  ita  k 
They  may  now  ba  dKi 
three,  aet8.  (i)  Many  pasB<  at  once  obllqiiely  npwardji  in  tlie  icfl 
attodied  to  the  central  fibro-oartUage,  ao  that  those  may  be  n) 
forming  simple  V-^aped  mascular  loops  around  the  cavity  of  lb* 
triolo.    (2)  Otheia  cioea  in  the  sept^im  in  their  paasego  upwards  and  f 
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of  the  rinrHt  ventricle,  bein^  partlj  ooetimtious  with  ite  pasteriot 
ele.  (:i)  Otheiis  again  pass  13 early  horizontally  into  the  posterior 
ft  yentricle,  and  take  an  annular  course  in  it.  But  many  of  theete 
of  the  left  ventricle  (which  are  found  aWut  the  middle  of  its 
continuous  with  the  deeper  fibres  of  the  right  ventricle, 
ratricle  so  far  as  regards  the  arrangement  of  iU  luuRcular  fa.'iciculi 
»d  npon  as  aa  appendage  of  the  kft.  ltd  superficial  Hbrcs  are 
luOQAf  a<  we  have  seen,  with  the  papiHary  musclea  of  the  left  ven- 
9ptx  fibres  also  moetlj  po&s  into  continuity  with  tbose  of  the  left 
lebed  above  to  the  fibrous  structure  encircling  the  right  auriculo-ven- 
le  pulmonary  apertnres,  cither  directly  or  (in  the  case  of  the  papil- 
indunectly  through  the  chordiu  t4.^ndinciB  they  pa^a  towards  the 
posterior  fibres  enter  this  behind  and  pass  forwards  in  it  to  the 
it  Tentricle  (as  above  described  under  2)  ;  the  anterior  enter  the 
,t  and  pass  backwards  in  it,  intercro^ing  with  those  just  mentioned, 
r  part  of  the  left  ventricle ;  while  the  middle  set  of  fibres,  derived 
le  external  wall  of  the  right  ventricle,  enter  the  lower  part  of  the 
t  directed  upwards  in  it  to  bo  attached  to  the  central  fihit^^cartilage. 
bdemible  number  of  fasciculi  i^ass  straight  across  the  septom  without 
f  and  appear  to  encircle  both  ventricles.  There  are  besides  certain 
rhich  appear  not  readily  assignable  to  any  of  tbose  above  described  : 
tnce,  which  encircle  the  pulmonary  orifice,  and  others  which,  as 
mnif  radiate  upwards  from  tbo  base  of  the  anterior  papillaiy  muscle 
mtricle,  to  be  attached  to  the  ten^linous  structures  at  the  base  of  the 
ly  to  the  pulmonary  ring,  opposite  the  two  anterior  sinuses  of  Tal* 


IT  OF  A  PARTIAL  niaaio-  Fig.  435. 

rtaacs  of  tue  axtxrtoe 
vxxratcLis  dt  x  shsep's 

prSD  TO  SHOW  THE  PIFFRB- 
\     OP    OBLIQUtTT    OF    TH« 

iThomiOD). 

■md  Apex  the  guperficial 

ajtd :  in  the  interreniDg 

\  mare  of  the  fibres  have  .^.     ...  ^  ^dkv 

^otn   above   down  wank,         ifll^^^niSni^..         ^Utu  y-^^^ 

itcater  dvpth  oa  the  left        . [  ,_„      .  . 

igiit   ntlc.      o^    a*,    the        i^^M\>'>^\\ 

a  ol  the  right  Tentricle; 

le  of  the  left  ventricle ; 

t  hare  l^en  removcfl  bo  as 

)  trndementh,    which  are 

le  same  direction  as  the 

orer  the  left  ventricle, 
KT  the  right ;  at  3  some 

been  removed,  but  the 
ij  slightly  different;  4, 
Bolar  fihra  oceupying  the 
ihi^luaeiB  cf  the  rentri^m- 
I  inteiaal  ^fibres  passing 
irds  the  apex  to  emerge  at 
ween  e,  e,  the  anterior 
rreDtricalar  groove^  over 
licial  fibns  are  ieen  cross- 

aaimag  part  of  the  grooTC,  some  of  the  deeper  fibres  turn  backwards 
;  d,  the  polmonaty  artery  \  e^  the  aorta. 


le  of  the  thickness  of  the  ventricular  wall  the  fibres  are^  as  before 
ind  tranaveree  (fig.  -I3i*,  4,  4') ;  but,  as  Ludwig  showed,  they  pasa 
idoal  traxksition  into  the  diagonal  ones  nearer  the  surfaced,  so  thati 
into  Iflgrers  which  may  be  ftilected  (with  the  exception  of  the 
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f^nperick!  etraium  over  tlie  right  ventricle)  must  be  looked 
degree  artificial. 

The  mnsciilar  fibres  of  tbe  heart  are  cross-fitriated,  but  differ! 
fibres  of  the  voluntary  musclcE  in  being  constantly  branched  aa 
to  one  ao other  so  as  to  form  a  complete  network  or  spoQge«( 
reticulating  interstices.  They  are  moreover  composed  in  tbe 
already  deeeribed  {pp,  135,  18^,)  of  somewhat  obIon»  ced 
forked  cclle,  cemented  together  end  to  end.  The  interstlei^  bet^ 
fibres  are  filled  by  connective  tissue,  with  namerons  bloojj 
lymphatics,  and  nerves.  I 

Vessela*— The  mnscukr  substance  is  supplied  with  blood 
coronary  arteries,  the  origin  and  course  of  which,  as  well  a|j 
ctirdmc  \'einB,  are  elsewhere  described.  Tlie  smaller  branches  n 
into  every  part  of  the  muscular  substance,  the  capiUanes  bci^ 
numerous  and  closely  arranged.  The  valves  are  non-vascnlacj 
where  musciiUir  tissue  occui-s  in  them,  as  is  Bometimea  foond  fA 
case  in  the  auneulo-ventricular  vakes  (L.  Longer).  J 

The  lymphatics  {which  are  found  in  great  number  bencatkl 
pericardium  and  endocardium),  are  also,  as  was  shown  bj  8di^ 
Seidel,  extensively  dietnbuted  tliroughont  the  muscular  id 
occurring  in  the  form  of  freely  communicating  fis^nre-UhT] 
between  the  muscular  bundles,  and  lined  by  epithelioid  at 
mode  of  origin  lx4ng  thus  to  a  certain  extent  laetinar.  Acem 
Skwartzoff,  whose  observations  were  made  upon  the  heart  of  Um 
dog,  and  calf,  the  lymphatics  of  the  ventricles  are  indepcndieiill 
of  the  auricles  and  are  chiefly  collected  into  a  tnmk  which  lid 
anterior  longitudinal  groove,  turns  to  the  left  around  tbe  aoj 
passing  between  this  vessel  and  the  trachea  enters  the  Irmphade 
glands  wliich  are  there  situated.  From  them  the  lymph  pa 
right  iimominate  vein.  Other  of  the  cardiac  lympbatioi 
at  the  reflection  of  the  pericardium  and  over  the  parietal " 
the  thoracic  duct. 

ITerres. — The  nerves  given   oIT  by  the  cjirdiac 
rather  small  in  comparison  with  the  bulk  of  the  heart  ;  iher 
partly  from  the  cerebro-spinal  and  partly  from  the  sympal' 
(more  especially  from  the  pneumogastnc  nen'c,  and  from  tbe 
and  superior  thoracic  ganglia  of  the  sympathetic  nerve). 

AWres  of  the  aurick^.  From  the  airdiac  plexuaea  it  tKf  Ij 
the  heart,  nerves  pass  to  the  auricles  and  there  join  a  [ilexiift  di 
Bon-mcduflated  fiorea,  which  is  beset  with  numerous  smaD  pA 
ganglion-cells.  This  gangliatcd  plexus  lies  for  the  m<ist  prt 
diatily  beneath  the  pericardial  covering  of  the  auricles,  bat  lii III 
p(  net  rate  into  the  muscular  substance. 

In  the  dog's  heart  Dogiel  fouBcl  three  principal  groope  of  fiofili^^ 
between  the  sQj>enor  cava  and  the  right  anricolax  appendix,  enoJiMr  M 
mme  vein  nnd  tbe  root  of  the  aorta^  and  a  third  between  the  root  0^ 
and  the  pulmonary  veitii,  Schklarewski,  in  different  mammalfsdncriiiii 
oocurring  chieaj  in  the  intemunoiiJar  Beptum  and  in  the  atirkm^"^ 
groove.  The  eame  in  affirmed  bj  Skw&rtcoff,  who,  howerer,  fatrnd  tli  ( 
on  the  auricular  plexiu  to  be  most  numeroiu  over  the  left  iimc^*ii^ 
itates,  with  regard  to  the  hntaan  heart,  that  it  i«  e^pedallj  near  tbt  «* 
the  pulmonary  veins  that  they  oocor  in  laigeftt  number, 

J^erves  of  the  venirkles.    From  the  ou^dtac  plexQiet  M  A^ 
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are  given  off  Tirhich,  pagsin*:;:  downwartk  along  the 
but  of  the  aorta  and  piilmonaiy  artery,  reach  tho  coromiiy 
[accompanying  these  in  their  course  form  seconckn^  plexuses 
ft  coronaiy  plexuses)  aronnd  those  vesaelfi.  From  the  coronary 
Herous  branches  proceed,  which  pass,  for  the  most  part,  over 
trf  the  ventricles  under  the  perieai-dium,  but  a  few  small 
^  directed  upwards  to  join  the  auricular  plexus  of  nerves. 
Bcopic  groups  of  ganglion-cells  occur,  as  was  shown  by 
i  upon  the  coronary  plexuses  and  also  here  and  there  along 
es  for  a  certain  distance* 


,  the  only  nerves  which  pass  to  the  heart  are  the  cardiac  branches 
De  from  each,  which  reach  tho  heart  along  the  6ti|ieriar  venae  cane, 
ffing  along'  the  ainna  venoaos  (into  the  undivided  cavity  of  which 
r  their  blood)  enter  the  gepttim  between  the  two  atmcle?.  In  the 
«-vfe!,  now  become  tmterior  and  jioatcrior,  pass  down,  and  at  the 
he  anriclee  with  the  eingle  ventriele,  they  each  end  in  a  group  of 
I  known  as  the  ganglia  of  Bidder.  But  along  their  whole  conrse 
dej  are  beset  at  intervali^  with  small  groui>i  of  gangUon-cells,,  and 
pnches  in  the  venous  sinuji  and  in  the  int^ratmctilar  septum  c^imilar 
Hier  intercalated  in  the  ^mall  nervous  cord.^,  or  set  laterally  upon 
l^lion-ceilA  have  been  proved  to  occur  either  on  the  branches  which 
3  to  the  aoricles  (with  the  exception  of  the  septum  j  or  on  those 
the  moscular  substance  of  the  ventricle. 

iac  peFicardimm  or  epicaifdiiuii  lias  the  usual  stmeture  of 
nbrane.    It  is  covered  externally  by  a  pavement  epithelium 


Fig.  436. 


BTIOW  OF  A  PART  OP 
kDtOlf    or    TttS   BIGDT 

ithdiura  in  section;  6, 
!■»  lajvr;  c,  elaitic 
berooi  areolai  tiasue ; 

fcol  a  blood-vesBel ; 
HI ;  A,  muAcntar 
taiyoeardiiim  ;  f,  later- 
irtutoe. 


h  polygonal  cells 
ihcr  BSTouB  mem- 
bta  are  found  here 
etween  these,  per- 
Dfmmunicatioii  lie- 
pericardial  cavity 
^phatic^  of  the 
Skwartzoff).  The 
f  the  membmnc  is  composed  of  connective  tissue  ii^ith  much 
le,  chiefly  collected  into  a  well  developed  network  in  the 
*  (fig,  43r»,  c), 

ETons  areolar  tissue  is  continuous  with  the  interstitial  tissue 
\  fibres  of  the  myocardium*  In  it  run  the  vessels  and  nerves 
kg  down  into  the  muscular  substance,  and  a  system  of  lym- 
hy  connected  with  the  lymphatic  spaces  of  the  myocardium, 
tiere»    The  vessels  and  uerres  are  generally  im^xiMeA  m  ^ 

s  n  ^ 
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considerable  aiDOunt  of  fat  (fi^,  43(i,  i»),  which  lE 
ill  the  furrows,  but  may  in  fat  subjects  extend  as  a  layer 
greater  part  of  the  surface  ;  and  may  even  be  foand  in  I 
interspacc-s  of  the  niyocardiiini,  and  l»encath  the  cndocardimn. 
The  endocardiiim  fiuniislics  a  hning  to  all  the  canties  of 
followincr  the  ineqnuhties  of  the  inner  surface  of  the  organ,  and 
ountinuoug  at  the  venoua  and  arterial  orifices  with  the  inner  c 
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Fig.  437.  —  Sscnos    or 
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a,  Lining  etiiUiQEis 

tiifiuo  with  fine  «l«fllie  ik 

with  Conner  dastie  thtm  ; 

/  c&rdial  conncetiTe  Uaiitt  qmI 

the  iutermuscalAr  Umm%  «f 

'  dium  ;  h^  moneuLir  &trei  i 

- ''  canlium ;   m,  plaio    miUGd 

the  endoc&rdiam.  ■ 

reS]>ectiTe  veine  and  arteries  •  A  layer  of  flattened  epitheliiin 
and  lines  the  inner  surface  (fig,  437,  a\  and  lx;neiith  thi« 
cardium  consists  of  connective  tissue  wiUi  a  dose  netwoik 
fibrcs  often  passing  into  fenestrated  membrane.  Plain  moaoi 
are  present  in  some  parts  (?n).  TJic  ordinary  caidiac  maM 
extend  in  many  places  close  np  to  the  endocardinm,  bat  in 
separated  from  it  hy  sc^me  amount  of  areolar  tissue.  In  thii 
is  often  met  with,  especially  in  fat  subjects  and  in  fatted  m 
the  heart  of  some  animals,  as  the  sliecp,  large  beaded  rctiodid 
are  met  with  lying  in  the  gnliendrx^rdial  tissue,  and,  havuy 
described  by  Purkinje,  arc  known  by  his  name.  When  esn 
the  microscope  these  fibres  of  Purkinje  are  found  to  be  oa 
large  clear  cells,  joined  end  to  end,  and  containing  in  thar  ( 
or  two  nneki  (genentlly  two)  embedded  in  a  more  gnmohr  i 
Tbe  pcripheiy^  of  the  cells  in  question  is  composed  of  tn 
striated  substance,  and  they  appear  to  represent  at  '  :;  oi 
development  of  cardiac  muscular  tissue.    Aooordii..  ^di 

are  ofTusionally  to  be  found  in  the  human  heart.  The  €q4o0 
usually  more  opaque  on  the  right  side  than  on  the  left  ;  and! 
the  auricles  (the  lefl  especially)  than  in  the  ventricles ;  ft  i% 
ver)'  thin  ou  the  mnsculi  jKJCtinati  of  the  auricles  and  r  '*"' 
ejBLUifim  of  the  ventricles. 

DIMUNSIOKB   AKD   WZiaHT   OF  THE    HTABT. 

Sise. — It  was  stated  by  Laennec,  as  the  resalt  of  his  cxpm 
the  heart  in  \\%  natural  c^>ndition  is  about  equal  in  size  to  I 
hand  of  the  individual.  It  is  about  five  inches  looig;  thvee  u 
in  its  greatest  wi^lth,  and  two  and  a  half  in  its^  exteme  tUck 
the  sternal  to  tlie  diaphmgmatic  surface  \  but  linear  moasonii 
flaccid  organ  like  the  heart  must  be  subject  to  so  nmoy  \ 
variations  as  to  render  them  of  little  Talue. 

Weight. — The  weight  of  the  heart  in  the  addt  is  abo  i 
oonsidc-ralde  variation,  ranging  between  rather  wide  limiCSi  wfak 
on  the  general  wtight  of  the  body  and  on  the  sex. 
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weight  is  about  9  or  10  oz. 

to  Beid*8  tables,  the  average  weight  in  the  adnlt  male  is  aa  high  as 
in  tiie  female  9  oz.  ;  while  according  to  Peacock  the  ayerage  of  the 
;,  and  that  of  the  female  9  oz.  The  proportion  of  the  weight  of  the 
of  the  body  is  from  1  to  150  to  1  to  170. 

im  by  Glendinning  that  the  heart  continued  to  increase  in  weight 
moed  period  of  life,  but  at  a  comparatively  slower  rate  subsequently 
twen^-mne  yean. 

3eneke  finds  the  volums  of  the  heart  to  increase  with  age,  at  first 
gradually.  Thus  in  the  new-bom  infant  the  average  volume  is  22 
Atres ;  at  the  fifteenth  year  it  is  150  cc.  to  160  cc. ;  and  at  the 
or  about  250  cc.  After  this  it  increases  but  slowly  up  to  the  fiftieth 
ih  time  it  has  arrived  at  280  cc.  Subsequent  to  this  there  is  a  slight 
Dntion.  Up  to  the  age  of  puberty  the  volume  is  about  the  same 
I,  but  after  puberty  it  is  25  cc.  to  30  cc.  larger  in  the  male.  On 
B  obvious  difficulties  of  the  investigation  these  statements  can  how- 
n^gaided  as  approximate. 

s  are  generally  stated  to  be  rather  less  capacious  than  the  ventricles. 
ide  is  also  said  to  be  larger  than  the  left,  in  the  proportion  of  5  to 
r).  In  the  ordinary  modes  of  death,  the  right  ventricle  is  always 
a^padous  than  the  left,  probably  owing  to  its  being  distended  with 
sfl  ventricle,  on  the  other  hand,  is  found  nearly  empty,  and  thus 
I  folly  contracted.  There  are  good  reasons  for  believing  that  during 
my  difference  of  capacity  exists  between  the  two  cavities, 
•nrionlo-ventricular  opening,  and  the  orifice  of  the  pulmonary 
til  found  to  be  somewhat  larger  after  death  than  the  corresponding' 
ihe  left  side  of  the  heart* 

w — On  the  stmctmre  of  the  heart. —  Weismann,  in  Arch.  f.  Anal,  1861 ; 
ihow*8  Archiv,  XXXYII. ;  Obermater,  in  Arch.  1  Anat,  1867 ;  Lehnert,  in 
.  Anat,  1868;  Sckwigger'Seidd,  article  <* Heart"  in  Strieker's  Hand- 
toBattmj  Harveian  oration,  Brit  Med.  Joam.,  1873 ;  Paladino,  Contrib. 
fn,  1876 ;  Bemay$,  in  Morph.  Jahrb.  II.  (valves) ;  Oeffenhatir,  in  Morpb. 
Hiridnje's  fibres) ;  Jtanvier,  Le9ons  faites  an  College  de  Fruice,  1880 ; 
Wiener  Sitsnngsb.,  1880,  (on  foramina  Thebesii  and  valves), 
pliatics  of  the  heaitSkwaHzoff,  in  PflOger's  Archiv,  YIII.;  Sekumiow, 
mphatics  of  pericardium) ;  Salvtoli,  in  Arch.  p.  L  scL  med.,  1878. 
Bs  of  the  mammalian  heart. — Remake  in  MUller*s  Archiv,  1844 ;  SkwarUuf^ 
df  in  Arch.  f.  mikr.  Anat  XIV. ;  Schklareictki,  in  Gottiuger  Nachricten, 
mep$,  in  the  Jonra.  of  Anat,  1879  ;  Vignal,  in  Arch,  de  physioL,  1881. 
ensions  and  weight  of  the  heart. — Retd^  in  the  Lond.  and  Edin.  Monthly 
L  Sdenoe,  April,  1843  ;  T.  B,  Peacock,  in  the  same  journal,  in  1846,  and 
stely,  with  additional  observations,  in  1854  ;  Clcndinning,  in  the  Medio. 
,  1838  ;  Beneke,  in  Marburger  Schriften  XL,  1879. 
wi  of  the  arrangement  of  the  cardiac  fibres  may  be  consulted  C,  F,  Woff, 
ram  mnscolariom  cordis;  Act.  Acad.  PetropoL  1780 — 1792;  C.  Ludwiffp 
Elkr  ralionelle  Median,  1849 ;  and  Mailer's  Archiv ;  Winddcr,  in  Archiv 
und  Physiologie,  1865 ;  /.  PcUiffrew,  in  Philosoph.  Transactions,  1864 ; 
1  Anatomy,  1869. 


Idbiting  the  weight  of  the  heart  at  different  ages,  and  also  the  avenge 
the  aiuicnlo-ventricolar  and  arterial  orifices,  will  bo  foond  in  previoaa 
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OHGANi    OP   mESPIBATIOK. 

Besides  the  heart,  the  thorax  contains  the  principal  onrans  of 
tion,  viz.^  the  hiuga  and  a  part  of  the  trachea.  The  larrni^  i 
aflixeil  to  the  nppr  end  of  tlie  windpipe,  and  is  not  only  the  i 
for  air  into  the  respiratory  or^^aas  from  the  pharjnjc,  but  also  i 
of  voice,  will  be  described  after  the  InngB.  ~ 
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The  hfUfjis  occupy  by  far  the  liirger  part  of  the  cavity  of  the  d 
during  life  arc  always  in  accurate  contact  with  the  internal  ii 
its  wall.  Each  1ud<^  is  attached  at  a  comparatively  small  pi 
flattened  inoer  or  median  surface  by  a  part  named  the  roai. 
directions  the  limf^  is  free  and  its  surface  is  closely  covered  by 
membrane,  which  is  reflected  at  the  root  to  the  corresponding  ai 
thorax,  and  named  the  (right  or  left)  pleura. 

The  pleura  are  quite  distinct  from  each  other.     Each 
Viscera!  and  a  jmriHal  portion.    The  visceral  portion,  pkitrc 
covers  the  lung  ;  and  the  parietal  portion  lines  the  riba  ao 
spaces,  j?fewm  cosfalts,  covers  the  npixr  convex  surface  ofthtdl 
entere  into  the  formation  of  the  mediastinum,  and  adherer  f'^ 
the  ixjri card i urn. 

At  the  root  of  each  lung  the  viscerrd  and  parietal 
con^espjnding  plenra  are   continuous  with  one  another ; 
lower  border  of  the  rowt,  is  a  fold  of  the  serous  membrane 
vertically  along  the  inner  surface  of  the  lung  down  to  the  i 
which  it  is  attached  by  its  extremity  ;  this  fold  is  named 
lahim  pulmamg. 


Along  the  iimer  border  of  each  long'  there  deaoenda  a  UgaiXK 
ofiEshoot  of  the  preTertebml  fo.'iciji,  attached  above  to  the  bodi«i 
and  first  dorsal  vertebne  and  below  to  the  pericardium  and  centel 
diaphrapn.     These  baudSf  the  *^vaspcnaOTj  li^menti  of  tlie 
Teatleben,  embrace  the  roota  of  the  limgs,  and  in  a  meafloxv 
these  and  the  other  parts  to  which  they  are  attached  below. 


nenlH 


The  upper  part  of  the  pleura,  together  with  the  apex 
resp:>uding  Inng,  rises  into  the  root  of  the  neck,  reaching 
two  inches  a!>ove  the  anterior  end  of  the  first  rib  (half  an! 
and  a  half  inches  above  the  clavicle,  Pansch),and  pafiatn^  i 
of  the  scaleni  muscles.  Anteriorly  the  pleural  sacs  of  < 
nearly  or  altogether  into  contact  behind  the  second  piece  i 
and  continue  so  for  some  distance  ;  but  opposit^s  the  lov 
sterntim  the  right  pleura  passes  beyond  the  middle  line  or 
to  it,  while  the  left  recedes  to  a  variable  distance.  Inferiorlj  tl 
do  not  pass  quite  down  to  the  attachments  of  the  diaphmgin,  h 
portion  of  its  circumference  in  contact  with  the  costal 
to  the  height  of  the  diaphragm  on  the  right  side  (o 
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vivexity  of  the  lirer),  the  right  pleural  sac  is  shorter  than  the 
1  at  the  same  time  wider.  Behind,  the  lower  extent  of  the 
as  far  down  as  the  vertebral  end  of  the  twelfth  rib,  or  even 
cases  as  far  as  the  transverse  process  of  the  first  lumbal 
In  the  line  of  the  axilla,  the  right  pleura  extends  down  to  the 
)  of  the  ninth  rib,  while  the  left  pleura  reaches  to  the  lower 
e  tenth  (Luschka).  In  front  the  right  pleura  reaches  down 
iction  of  the  seventh  rib  with  its  cartilage ;  the  left  pleura  a 
r. 

lip  of  miucle  arismg  from  the  tranaverae  prooess  of  the  last  cemcal 
deflcribed  by  Sibflon  bb  expanding  into  a  dome-like  aponeorosis  or 
sh  ooTen  or  starengthens  the  pleural  cul-de-sac,  and  is  attached  to  the 
jO  inner  edge  of  the  first  rib. 


u — ^The  pleura  possesses  the  usual  characters  of  serous  mem- 
rhe  costal  part  is  the  thicker,  and  may  be  easilv  raised  from 
dd  intercostal  spaces.  It  is  strengthened  here  by  a  layer  of 
areolar  tissue  of  considerable  thickness.  On  the  pericardium 
rsma  the  pleura  is  thinner  and  more  firmly  adherent ;  but  it  is 
ma  least  easily  detached  upon  the  surface  of  the  lungs.  A 
is  also  noticeable  in  the  character  of  the  superficial  epithelial 
*  while  on  the  pleura  costalis  this  consists  of  the  ordinary 
cells,  on  the  pleura  pulmanalis  the  cells  are  less  distinctly 
and  more  granular  and  polyhedral,  but  they  become  flat- 
when  the  lung  is  distended  (Klein).  Lymphatic  vessels  are 
in  and  beneath  the  pleura  as  in  other  serous  membranes, 

communicate  in  many  parts,  by  means  of  stomata,  with 
f  of  the  membrane.     In  the  pleura  costalis  the  stomata 

found    over    the    intercostal    spaces    not    over   the   ribs 

I  the  serous  covering  there  is  pkced  a  thin  layer  of  subserous 
sae  mixed  with  a  hirg^  number  of  elastic  fibres.  It  is  con- 
iih  the  areolar  tissue  in  the  interior  of  the  lung,  and  has  been 
as  a  distinct  coat  under  the  name  of  the  second  or  deeper  layer 
ira.  In  the  lungs  of  many  animals,  such  as  the  lion,  seal,  and 
lis  subserous  layer  forms  a  very  strong  membrane,  composed 
f  of  elastic  tissue ;  in  others,  as  the  guinea-pig,  a  network  of 
ddar  fibres  is  found  which  have  a  general  radiating  direction 
pez  (Klein).  A  close  plexus  of  lymphatic  vessels  is  also  met  with 
>-pleural  tissue :  these  vessels  communicate  on  the  one  side  by 
rtomata  with  the  pleural  cavity,  and  on  the  other,  as  will  be 
( noticed^  with  a  network  of  similar  vessels  in  the  inter-alveolar 
le  lungs.  A  uniform  network  of  capillary  blood-vessels  covers 
iC  of  the  lung.  These  are  supplied  from  branches  of  the  bron- 
ies.  They  are  less  closely  arranged  than  the  blood-vessels  of  the 
f  alveoli,  and  are  thus  as  well  as  by  their  position  easily  dis- 
de  firom  them  in  specimens  of  injected  lung. 

THa  LUNaS. 

mg  is  irregularly  pyramidal  or  conical,  with  the  base  down- 
:.  &8).  The  broad,  concave  base  is  of  a  semilunar  form,  and 
i  tbe  arch  of  the  diaphragnL    It  is  bounded  by  a  tluiiTV^BX^gai^ 
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which  is  received  in  the  ande  between  the  ribs  and  the  diaphn 
reaches  much  lower  down  behind  and  at  the  outer  side  than  in  fra 
apex  is  blunt,  and,  as  already  mentioned,  reaches  into  the  ra 
neck,  above  the  first  rib,  where  it  is  sepa^ted  from  the  first  p 
the  subclavian  artery  by  the  pleural  membrane.  The  apex  is  i 
marked  by  a  groove  where  the  subclavian  artery  crossea  it.  1 
surface^  which  mov^  upon  the  thoracic  parietes,  is  smooth,  coo 
of  great  extent,  corra^nding  with  the  arches  of  the  ribs  an 
cartilages.  The  innermrface  is  concave,  and  in  part  adaptec 
convex  pericardium.  Th\po8ferwr  border  is  rounded,  and  is 
into  the  deep  groove  formed*  by  the  ribs  at  the  side  of  the ' 
column  ;  measured  from  above  downwards,  it  is  the  longest  pai 
lung.  The  anterior  border  is  thin  and.  overlaps  the  pericwHom, 
a  sharp  edge,  which,  opposite  the  middle  of  the  stemnm,  is  i 
during  inspiration  from  the  corresponding  margin  of  the  oppoi 
only  by  the  two  thin  layers  of  the  mediastinal  septunL  Upon  1 
surface,  somewhat  above  the  middle  of  the  lung,  and  consiaenb 


Fig.  438. 


Fig.  438.— OcTLiNB  OF  THE  tuiTGS  FBOJi  BifORi  (after  Hin).    ) 

Ji,  right  lung ;  Z,  left  lung ;  a,  h,  c,  upper,  middle,  and  lower  lobe  of  i 
h',  c',  upper  and  lower  lobes  of  left  lung.     The  fissures  are  indicated  by  < 


to  the  posterior  than  the  anterior  border,  is  the  roof,  where  thi 
and  great  vessels  join  the  lung. 

The  left  lung  is  divided  into  two  lobes  by  a  long  and  dec 
which  penetrates  obliquely  upwards  and  inwards  from  the  oaU 
to  within  a  short  distance  of  the  root.  The  v/iper  lobe  is  the 
and  is  irregularly  coniciil,  with  an  oblique  base  and  rounded  ap 
the  lower  is  quadrilateral.  In  the  right  lung  there  are  twc 
which  pass  the  one  from  above  the  middle  of  the  external  sm 
the  other  from  near  its  lower  end,  and  converge  towards  the  i 
marking  off  three  lobes,  an  ttpper,  middle^  and  lower.  Of  the  im 
the  upper  is  less  extensive  than  the  lower,  and  in  conscqaence,  tl 
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h.  is  nsnally  much  smaller  than  the  others,  appears  at  first 
$  more  closely  connected  with  the  upper  lobe,  and  is  usually 
iS  forming  a  part  of  it. 

tiowerer,  of  its  oomparatiTelj  email  size,  it  appears  not  improbable^ 
Meazches  of  Aeby,  which  will  be  afterwards  more  f ollj  referred  to, 
iddle  lobe  of  the  right  long  is  the  morphological  equiyalent  of  the 
r  lobe  of  the  left  lung. 

.  lung  has  a  deep  notch  in  its  anterior  border,  into  which  the 
le  heart  (enclosed  in  the  pericardium)  is  received.  Besides 
rences  the  right  lung  is  shorter  than  the  left,  owing  to  the 
rising  higher  on  the  right  side  to  accommodate  the  liver, 
left  lung  is  the  narrower,  owing  to  the  heart  and  pericardium 
g  on  the  left  half  of  the  thorax.  On  the  whole,  nowever,  as 
a  comparison  of  their  weights,  the  right  is  the  larger  of  the 

summits  and  posterior  borders  the  extent  of  the  lungs  cor- 
ith  that  of  the  pleural  sacs  which  contain  them,  but  in  firont 

the  relation  is  variable,  inasmuch  as  the  anterior  margins 
irds  most  completely  between  the  mediastinal  and  costal 
ing  inspiration,  and  retire  to  a  variable  degree  from  between 
piration  ;  and  in  like  manner  the  inferior  margins  descend, 
spiration,  between  the  costal  and  diaphragmatic  pleurae ; 
it  no  time  do  they  ever  descend  completely  to  the  line  of 
)etween  those  membranes. 

k  of  each  lung  is  composed  of  the  bronchus  or  sub-division  of 
«,  and  the  large  blood-vessels,  together  with  nerves,  lymphatic 
i  glands,  connected  together  by  areolar  tissue,  and  enclosed 
ection  of  the  pleura. 

t  of  the  right  lung  lies  behind  the  superior  vena  cava  and 
5  right  auricle,  and  below  the  azygos  vein,  which  arches  over 

the  superior  cava.  That  of  the  left  lung  passes  below  the 
*  aorta,  and  in  front  of  the  descending  aorta.  The  phrenic 
sends  in  iront  of  the  root  of  each  lung,  and  the  pneumo^astric 
nd,  whilst  the  ligamentum  latum  puJmonis  is  continued  firom 
border.  The  bronchus,  together  with  the  bronchial  arteries 
the  lymphatics  and  lymphatic  glands,  are  placed  on  a  plane 
»  the  great  blood-vessels,  whilst  the  pulmonary  veins  are  in 
he  arteries.  The  pulmonary  plexuses  of  nerves  lie  on  the 
nd  posterior  aspect  of  the  root,  beneath  the  pleura,  the 
Jexus  being  the  larger  of  the  two. 

right  side  the  undivided  portion  of  the  bronchus  is  altogether 
right  pulmonary  artery,  on  the  left  side  the  undivided  portion 
oichus,  which  is  considerably  longer  than  on  the  right  side, 
>  below  the  level  of  the  left  pulmonary  artery  which  erodes 
oth  sides  the  pulmonary  veins  are  below  the  corresponding 

altering  the  substance  of  the  lung,  the  right  bronchus  gives  oflf 
1  to  the  upper  lobe,  and  is  then  continued  on  into  the  lower 
nnch  for  the  middle  lobe  being  given  off  from  the  continuation. 
ipondii^  branch  of  the  left. bronchus  is  considerably  larger, 
I  the  upper  lobe  of  its  lung.    The  main  braachfift  oi  titi^ 


combined  weight  of  the  two  at  42  ounces.    The  lungs 
absoltjtely  heavier  in  the  male  than  in  the  female^  bafc  tn 
heavier  in  proportion  to  the  weight  of  the  body- 
According  to  the  obflervationa  of  Eeid  the  average  weiifht  in  t 
found  to  be  24  oz.  for  the  right  Ijing,  and  21  oz,  for  the  left ;  ami  j 
17  02.  for  the  right,  and  15  ox.  for  the  left  Itmg.  , 

Physical  properties. — The  substance  of  the  long  is 
poroiia  eponp^y  texture,  and,  when  healthy,  is  buoyant  in 
the  foetus,  before  respiration  has  taken  place,  and  also  in 
of  congestion,  collapse,  or  consolidation  from  disi^ase,  the  cni 
OF  portions  of  them,  sink  in  that  fluid.  The  si:>ecific  gn 
healthy  lung,  as  fijiind  after  death,  varies  from  0*345  to  0'^ 
the  lung  is  fidiy  distended  its  specific  gravity  is  0'120,  w 
the  pulmonary  substance,  entirely  deprived  of  air,  is  I'O. 
When  pressed  between  the  fingera,  the  lungs  irnmrt 
Bensation,  which  ts  accompanied  by  a  peculiar  noise,  Doth 
caused  by  the  air  contained  in  the  tissue^  On  cm  ' 
lung,  the  same  crepitation  is  heard,  and  there  exud< 
surface  a  reddish  frothy  fluid,  which  is  partly  mucna  ; 
tubes  and  air-cells,  and  partly  sermn  of  blo^Dd,  rendered 
admixed  air. 

The  pulmonary  tissuo  is  endowed  with  great  elastici^ 
quence  of  which  the  lungs  cc^lbpse  to  about  one-thini  of 
when  the  thorax  is  opened.  Giving  to  this  elasticity  alao^ 
artificially  inflated  out  of  the  body,  contract  to  their  pre? 
when  the  air  is  again  allowed  to  estiipe. 

In  infancy  the  lungs  are  of  a  pale  rose-pink  colour* 
compared  to  Mood-froth  ;  but  11*5  life  advances  they  " 
are  mottled  or  vuricgated  with  spots*  patches,  and  bI 
colour,  which  sometimes  increase  to  such  a  degree  as  to 
almost  nniformly  black. 
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fam  in  the  fotos  and  dianges  affcer  birth. — In  the  foetns 
oontain  do  air,  and  consequently  sink  in  water.  They  undergo 
.  and  remarkable  chants  after  birth,  in  consequence  of  the 
ment  of  respiration :  these  affect  their  size,  position,  form, 
e,  texture,  cmour,  and  weight,  and  should  be  carefully  studied^ 
ing  the  only  means  of  distinguishing  between  a  still-bom  child 
mt  has  respired. 

M,  iize,  and  form, — In  a  foetns  at  the  full  period,  or  in  a  still-bom 
Iniigs,  comparatiyelj  small,  lie  packed  at  the  back  of  the  thorax, 
%  entirelj  cover  the  sides  of  the  pericaidinm  ;  sobeeqaentlj  to  respi- 
j  expand,  and  oompletelj  cover  the  plenial  portions  of  that  sao, 
»  in  contact  with  almost  the  whole  extent  of  the  thoracic  wall, 
is  covered  with  the  pleural  membrane.  At  the  same  time,  their 
thin  sharp  margins  become  more  obtuse,  and  their  whole  form  is  less 

temtey  texture,  and  colour,— The  introdaction  of  air  and  of  an  increased 
t  blood  into  the  fcetal  longs,  which  ensues  immediately  npon  birth, 
leir  tissne  from  a  compact,  heavy,  granular,  yellowish-pink,  gland-like 
into  a  loose,  light,  rose-pink,  spongy  structure,  which,  as  already  men- 
its  in  water.  The  changes  thus  simultaneously  produced  in  their 
I,  colour,  and  texture,  occur  first  at  their  anterior  borders,  and  proceed 
through  the  lungs :  they,  moreover,  appear  in  the  right  lung  a  little 
1  in  the  left. 

it. — ^The  absolute  weight  of  the  lungs  having  gradually  increased  from 
fe  period  of  development  to  birth,  undergoes  at  that  time,  from  the 
t  hlood  then  poured  into  them,  a  very  marked  addition,  amounting  to 
one  third  of  their  previous  weight :  for  example,  the  lungs  before 
i,  about  one  and  a  half  otmce,  but  after  complete  expansion  by  respi- 
f  weigh  as  much  as  two  and  a  half  ounces.  The  relative  weight  of  the 
\B  body,  which  at  the  termination  of  intra-uterine  life  is  about  1  to  70, 
fter  respiration,  on  an  average,  about  1  to  35  or  40;  a  proportion 
oft  materiaUy  altered  through  life.  The  tpecific  gravity  is  at  the  same 
pad  from  1-056  to  about  '342. 


THE  TRACHEA  AND  BBONOHI. 

or  windpipe  (fig.  489,  /r.),  the  common  air-passage  of 
;By  is  an  open  tnbe  which  commences  above  at  the  larynx,  and 
alow  into  two  smaller  tubes,  right  and  left  bronchi,  one  for 

ichea  is  placed  in  the  median  plane  of  the  bodj,  and  extends 
lower  border  of  the  cricoid  cartilage  of  the  larynx  (e),  on  a 
I  the  6th  cervical  vertebra  in  the  neck,  to  a  place  oppoisite  tlie 
reen  the  4th  and  5th  dorsal  vertebnB  in  the  thorax,  where  it 
in  front  by  the  arch  of  the  aorta,  and  at  or  immediately  below 
t  bifurcates  into  the  two  bronchi.  It  usually  measures  from 
^  to  four  inches  and  a  half  (10  to  11  centimeters)  in  length, 
.  three-quarters  of  an  inch  to  one  inch  (2  to  2^  centim.)  in 
Qt  its  length  and  width  are  liable  to  much  variation,  according 
sition  of  the  larynx  and  the  direction  of  the  neck  ;  moreover, 
illy  increases  in  calibre  from  above  downwards  (Aeby).  Ita 
liameter  is  greater  in  the  male  than  in  the  female.  In  front 
iie  sides  the  trachea  is  rendered  cylindrical,  firm,  and  resistant, 
es  of  cartilaginous  rings ;  these,  however,  are  defi^cient  bdvma^ 
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80  that  the  po8terior  portion  is  flattened  and  entirely  me 
laterally. 


ISear  it8  bifiircation  the  trachea  is  somewhat 


In  the  tcttoa  the  trachea  is  flattened  before  and  beliind,  its  anM 
being  even  somewhat  depressed  ;  the  ends  of  the  cartflages  touch  ;  aa 
of  the  tube,  which  now  contains  only  mnons,  are  applied  to  one  ano 
effect  of  respiration  is  at  first  to  render  the  trachea  open,  bat  it  Mi 
comewhat  flattened  in  front,  and  only  later  becomes  convex. 

Belations  of  the  tracliea  to  neighlHrnxing  parte. — ^The 

is  nearly  everywhere  invested  by  a  loose  areolar  tissue,  abonnding 

^^  *^^"  Kg.  439.— OuTLnra  8nown« 

RAL  FORM   or   TBI    LABTn 
▲!VD  BEOKCHI,    AS   tVEX    Fl 

(Allen  Thomfion).     | 

A,  the  great  conm  of  the 
e,  epiglottis  ;  t,  superior,  tad 
coma  of  the  thyroid  nilllsft 
of  the  cricoid  caxtilage ;  <  f»  i 
showing  sixteen  cartilagiac^ 
the  rights  and  V,  the  left  bn 
this  and  also  in  the  saccctdis 
right  bronchos  is  represented 
horisontal  (see  p.  510  and  if 

fibres,  and  is  very  moTed 
surrounding  ports.  Bd 
neck  and  thorax,  it  reii 
against  the  gnllet,  wfai( 
venes  between  it  and  the 
column,  but  towanis  i 
part  projects  somewhal 
leftsiae.  The  recurrent  I 
nerves  ascend  to  the  Ii 
each  side  in  the  angle 
these  two  tubes. 

In  the  neck  the  tr 
situated  between  the 
carotid  arteries  ;  at  its  v 
it  is  embraced  by  the 
lobes  of  the  thyroid  h 
middle  part  or  isthmnt  • 
lies  across  it  just  be 
larynx.  It  is  covcpcd 
by  the  stemo-thyroid  id 
hjoid  musclea, 'betweci 
however,  there  is  left 
gj\t<A  lozenge-shaped  is 
the  middle  line  :  this  interval  is  covered  in  by  a  strong  proccsBo! 
cervical  fascia,  while,  more  superficially,  anotlier  layer  not  i 
crosses  between  the  stemo-mastoid  muscles.  The  inferior  thyi 
and  the  arteria  thyroidea  ima,  when  that  vessel  exists,  also  lie 
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bee  ;  whilst  at  the  root  of  the  neck,  in  the  cpisternal  notch, 
tate  artery  and  the  left  carotid  pass  obliquely  over  it  as  they 
un  its  sides. 

ihorax,  the  trachea  is  covered  by  the  manubrium  stemi, 
th  the  stemo-thjrroid  and  stemo-hyoid  muscles ;  lower 
he  left  innominate  vein,  then  by  the  conmiencement  of 
late  artery  and  left  carotid,  which  pass  round  to  its  sides ; 
J  the  arch  of  the  aorta  and  the  deep  cardiac  plexus  of  nerves. 
een  the  two  pleurae,  the  trachea  is  contained  in  the  supe- 
tinum,  and  has  on  its  right  side  the  pleura  and  pneumo- 
e,  and  on  the  left,  the  left  carotid  artery,  the  pneumo-gastric 
iirent  branch,  together  with  some  cardiac  nerves. 


run  sHowiiro  the  oevk-  Fig.  440. 

r    THB    LARTirX,    TBACHEA, 
1,    18    8EBX    FBOM   BEHIKD 

mm),    i 

na  of  the  hyoid  bone ;  t^ 
ff  inferior  oornn  of  the 
ige ;  e,  the  epiglottis  ;  a,  • 
•ek  of  both  the  arytenoid 
eh  are  lurmonnted  by  the 
tlie  middle  ridge  on  the 
riccdd  cartihige  ;  i  r,  the 
Maaons  part  of  the  trachea ; 
1  left  bronchi. 


it   MLCL  Ittft  teOMClll 

40,  b,  I/)  proceed  each 
of  the  corresponding 
hen  undergo  division. 
0  this  they  exactly 
e  trachea  on  a  smaller 

S  rounded  and  firm 
at  the  sides,  where 
ovided  with  imperfect 
18  rings,  and  flattened 
ranous  behind.  The 
portion  of  the  right 
^),  wider  but  shorter 
ft,  measuring  about  an 
centim.)  in  length, 
ludy  downwards  and 
nto  the  root  of  the 
it  is  embraced  above 
i  azygos,  which  hooks 
rer  it,  to  end  in  the 
saperior;  the  right 
artery  lies  at  first 
d  then  in  front  of  it. 
f  down  the  windpipe  towards  the  bifurcation,  the  right 
jpears  to  be  a  more  direct  continuation  of  the  trachea  than 
l&e  undivided  portion  of  the  left  bronchus  (ft'),  smallfir  in 


Fig.    441. — 8|19Q8  IBOWIKO   THE   LOWCR  TIKH  OF  THB   TKACHSA,  ITS  D^ 
TWO     BROMtmtASi  f  RONK%    Am>    TUZ    COURSE  AKI>  OStKf   BRAKCHCS    d 

TBS  LCTHia?,  Ffboic  BEroAE  {after  Aeby),  ' 

ffj  Tipper  ;  &|  tnidtlle  ;  r,  lower  lobe  of  tlie  right  lung;  h\  tipper ;  f',  , 
left  lung ;  r.p.  rigtit  jiulnionary  jirU?ry  ;  i^p.  left  artery ;  f.frf*.  ngM  j 
Lhr,  hit  bronchuil  trunk  ;  rp,  on  tho  right  ^\de,  epartcriol  branch  ml 
lobo ;  f.A.  ^  first  T<?ntnil  hjiMirterial  broncbuft  supptjing  the  middle  1 
MVf  tbc  upper  lobe  on  the  left ;  t\h,\  vJt.^  v  h.*,  th©  remainiiig  m 
brancbea  ilintributed  m  the  lower  lot  le  on  each  tide;  cf.AJ,  <f.A',  d,ht 
dora&l  bypartftrial  bniDcbe^duitri  bated  on  both  ridca  in  the  posterior  and 


Ttg.  442.— LcurciTtrnTKAi*  sxctioii  of  thb  bumas  trachkjl,  mcj^iroiio  t 
fwo  CARTiLAGiKotJs  RiiTOB  (Kleui  and  Noblo  Smith).     MQi>imAfSLT  lua: 

a^  ciliAit'd  e^pitLeHum  ;  A,  baseinciit  membrane ;  r^  super^ciaj  fttH  «f  Hi 
membniner  couUining  the  sectiotis  of  numerous  capilUry  btood-Ten«lfl  aad  bibA  t 
tiMue  ;  c/,  deeper  part  of  tiie  mucous  membrane,  oonaistiiif  iiAlii|jr  of 
iulimucous  njcQlmr  tissuCt  oontaiuing  the  Lar;gvr  Uood>TCMt]l|  OMlQ  8iM 
ducti  Olid  alveoli  are  aeeii  in  aectlon),  fat,  &c., ;  /,  fibftms  tl0ii 
th«  eartila^ ;  y,  a  amaU  maai  of  adipoto  tiatne  in  tho  fibrous  Itjtr ;  k^ 


fibrous  membrane  is  continued  acroea  between  them,  and  c^m^lM 
tube  bebind ;  it  is  here  boBer  in  its  texture. 

The  firnt  or  higbest  cartilagret  which  16  connected  bj  the  fibrooa  WiMilw 
the  cricoid  cartilage  of  the  lor^^z,  is  broader  than  th«  rest,  and  often  dhiAi 
end.    Sometimes  it  coide*c€«  to  a  greater  or  le»  extent  witJi  tike  crioaii  vl 
the  one  below.    The  lowest  cartilage,  placed  at  the  hifttrcatioii  of  the  tfl 
peculiar  in  ahape  ;   iti)  lower  border  bclug  prolonged  dowiiwanlit  undUi 
time  l)ent  backwimia  eo  aa  to  form  »  conred  projection  between  the  twt 
The  cartilair«  next  above  this  Ls  alightly  widened  in  the  middle  line.    §■ 
the  extremities  of  two  adjacent  cartilage  are  nnited,  and  not  iinfie<|Wrtjf 
ulage  is  divided  at  one  end  into  two  abort  branchen,  the  oppoella  cmI  ii ' 
luoct  it  being  likewi»o  bifurcated  ao  aa  to  nmintain  the  pamUaliai  el  111 
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use  of  tfa««ie  ciitilagiiiotis  hoops  is  U>  keep  the  itindpipe  open,  a  con- 
al  for  the  free  passage  of  air  into  the  longs. 

he  iibroiis  merobmue  at  the  posterior  flattened  part  of 
is  a  continiiuus  pale  redilisl)  layer  of  wtbtriprd  mus* 
which  pass  across,  not  only  between  the  eink  of  the 
at  also  opposite  the  iutirvjik  ;  they  doiibtlees  siTve  tn  narrow 
appn>ximatinir  the  ends  of  the  eartilnges.  Those  opj>osite 
■e  attached  to  the  extrtniities  of  the  hitter,  and  eneroach  ako 
listanoe  upon  their  inner  surface.  Outside  the  transTerse 
Few  iaaciciili  having  a  longitudinal  direction. 


FART  or  TBK  SWPflOli 
>  IS  TRB  tkBCXUlSQ 
HtQUhT     3fACJiIFl£X# 

FoUe  Smith). 


Ihej 


>  parte 


incons  tiasne  con> 
^  areolar  tiasne 
to  coimeet  the 
mbiHae  with  the 
r  and  the  carti la- 
gs. It  contains 
idg  and  a  qnantity 
isoe  is  otlen  found 


Fig.  443. 


>n 


-•r^  -_^  '^^r^^ 


Bona    membrane 

h  smooth  and  uf  u 
i  white  colour  in 
kou.^h  when  con- 
flamed,  it  becomes 
fpieorerimson.  Ir 
aasfdembli!  amount 
I  tiasne.      Under- 

rithelinm  is  a  basement  membrane  (fig.  44S,  h\  well  marked 
an  trachea,  throngh  which  processes  from  the  snbjacent 
tissae  cells  and  cell-spaces  here  and  there  pass  into  the 
Throughout  the  mucous  membrane  a  number  of  tine  elai§tic 
ind^  but  in  the  deeper  parts  the  elastic  fibres  arc  very  lar*2:e 
pna  id).  Along  the  |x>sterior  membranous  jmrt,  they  are 
int  than  elsewhere,  and  arc  there  collected  into  distinct  lons^i- 
ileBy  which  produce  visible  elevations  or  fliitings  of  the 
kbmse.  These  bundlei^  are  particularly  strong  and  numerous 
bifurcation  of  the  trachea. 

lelium  consists  of  a  layer  of  columnar  ciliated  cells,  oflen 
IT  at  their  fijted  eiid,  %  here  they  are  impressed  by  smaller 
Q  which  they  penetrate  to  reach  the  basement  membrane. 
Brve  to  drive  the  mucous  secretion  uijwards  towards  the 
tween  these  ciliated  cells,  are  found  otliers,  some  rounded 

Eted  ;   the  latter  being  prolonged  at  one  end  towards  the 
t  the  other  end,  which  is  not  unfreqnently  forked,  reaches 
aeent  membrao^'.    A  few  Ijmph  corpuscles  are  a\&o  Soxuai 
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amoDgst  the  epithelial  cells,  as  in  other  epithelia.    Borne  of  ^i 
secrete  mucus,  and   hence  goblet-cells  are  frequently  foimd  I 
p.  44). 

The  trachea  is  provided  with  numerous  small  mxitom  glmk^ 
largest  are  situated  at  the  back  part  of  the  tube,  either  dose  i 
outer  surface  of  the  fibrous  layer,  or  occupying  little: 
between  its  meshes.    Smaller  glands  are  found  between  the  i 
rings,  upon  and  within  the  fibrous  membrane,  and  still  emallerfl 
beneath  the  mucous  membrane.    They  are  compound  glaDdi*  i 
cavities  are  lined  by  a  columnar  or  cubical  epithelinin :  Uie  \ 
ducts  pass  through  the  muscular  layer  and  the  mnconfl  : 
the  surface  of  which  their  orifices  are  perceptible. 

Vessels  and  Nerves. — ^The  arteries  of  the  trachea  axe  prLDcipftllr  i 
from  the  inferior  thyroid.    The  larger  branches  run  for  some  diatu 
nallj,  and  then  join  a  superficial  capillary  plexus  with  poljhednl  i 
veins  enter  the  adjacent  plexuses  of  the  thyroid  veina   A  rich  plexM  of  1 
may  readily  be  injected  in  the  mucous  membrane  and  sobmncouB  tkaia^,  ii| 
lymphoid  foUicles,  so  common  in  the  alimentary  mncons  xnembrase,  tJtd  i 
the  walls  of  the  smaUcr  bronchi,  are  rarely  present.    When  found  it  u| 
surrounding  the  ducts  of  the  glands  as  they  pass  through  the  muocms  i 
The  nerres  come  from  the  trunk  and  recurrent  branches  of  the  pnei 
ind  from  the  sympathetic  system.    There  are  said  to  be  numerous  gKCf Hi  i 
them,  especially  outside  the  muscular  layer  at  the  back  of  the  tube.   Thmt 
of  termination  has  not  yet  been  satisfactorily  traced. 

In  the  dog,  cat,  sheep,  and  rabbit,  the  upper  half  of  the  trachea  ktasdU 
supplied  chiefly  by  the  superior  laryngeal  nerve,  through  the  i 
the  superior  and  inferior  nerres  in  the  larynx  (Eandarazi). 

Bronchi. — The  general  structure  of  the  undivided  portioiia  ^ 
bronchi  corresponds  with  that  of  the  trachea  in  every  particular, 
cartilaginous  rings,  which  resemble  those  of  the  trachea  in  b*iii*i 
perfect  behind,  are,  however,  shorter  and  narrower.     The  ^tmim^ 
these  rings  on  the  right  side  varies  from  six  to  eight,  whilst  on  (  ' 
the  number  is  from  nine  to  twelve. 

The  bronchi  are  supplied  by  the  bronchial  arteries  and 
are  from  the  same  source  as  those  of  the  lower  part  of  the 

Termination  of  the  bronchi ;  stracture  of  tha  toonehlil  \ 

The  principal  divisions  of  the  bronchi,  as  they  nase  into  the  kng 
into  tubes  of  less  calibre,  and  these  again  subdivide  in  sacoemoa  \ 
smaller  and  smaller  tubes,  often  distinguished  as  bronchia^  bnmekio^^l 
bronchial  tubes,  which,  diverging  in  all  directions,  never  aiiafitom*«,  ^  \ 
tenninate  separately.    The  larger  branches  diverge  at  acute  angles  i«s 
the  more  remote  and  smaller  ramifications  spring  less  acbtely.    Ati^ » ' 
certain  stage  of  subdivision  each  bronchial  tube,  reduced  to  a  small  sae 
(about    1  "mm.),  is  tcnned  a    hbtilar    or   respirahrtf    hromhkl  /**•  ' 
(KoUiker),  and    its    walls    become    beset    with    small    bemi^iflwnfal 
saceules,  termed  air-celh,  or  alveoli.    They  occur  at  firet  only  here  la^ 
there  and  confined  to  one  side  of  the  tube  only,  but  at  length  alun]^ 
cover  it  so  that  the  tube  in  great  measure  loses  its  cylindrical  character. 
At  length  it  ends  in  an  enlarged  completely  sacculated  passage  tenoA 
the  alveolar  ya^m(je^  from  which  are  given  off  blind  ramificatioiB» 


as 
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they  contain  the  Bame  elements  as  the  larger  air-passages,  thejaref 
gradually  to  a  stat^  of  ^eater  tcBuity,  bat  poeseea  certain  [jeciil 
of  Btriicture.    Thup,  the  farftla/jrH  iii»  longer  appear  bb  imfjcrted 
runniu«:  only  upon  the  front  and  lateral  siiriaccs  of  the  a^r-tub^  ■ 
disposed  over  all  sidts  of  the  tubes  in  the  fonii  of  iTrr'^^InHrl 
plates  and  incomplete  rings  of  various  Bizes.     Th  J 

at  the  points  of  division  of  the  bronchia,  where  ii  _.  :. 
cave  lidge  projecting  inAvards  ioto  the  tube.  They  may  be  tsaof 
cx>ming  rarer  and  rarer  and  more  redoeed  in  size,  aa  far  as  broodi 
millimeter  in  diameter.  The  fibrous  coat  extends  to  the 
becoming  thimier  by  degi'ees  and  de^uerating  into  areolar 


Fig.  446. 


Fig.  44*5, — Dtaoiu¥matic 

THU  TEHHJKATION    OP  A  S»0«CmiAi  1 
QROUP    UP    1VPI'}II>IJ»UI^A.      (R.JLR) 


it  are  miieoiis  glands  whicll 
ducts  to  open  on  the  mnoons 
These  oocur  most  numeroaily 
larger  tubes ;  in  those  which  mm 
than    1   nim.   they  are    nuvlr  jl 
fonnd.     The  mttams  mnnhrtmi^ 
extends  throughout  the  whole  »y* 
air  passages,  is  also  thinner  tliaa 
trachea  and  bronchtiB,  but  it  retains  its  ciliated  columnar  qnl 
(figs.  444,  445,  d).    The  lons:ritudina!  bundles  of  elasik  fibm  (4 
transverse  seetiotis)  are    veiT  distinct  in  both   the  lai^  an 
bronchia,  and    may    be   followed    by  diasection  aa  fv  ai  tkl 
can  he  laid  open,  and  by  the  microscope  into  the  smalkat  toboL 
wmruJar  tilm's,  which  in  the   trachea    and   bronchi   aro  caafinl 
the  back  part  of  the  tttl>e,  surround  the  bronchial  tabes  wiih  I 
tinnons  layer  of  aimnlar  fibres,  lying  inside    the  cartiLigiQoai 
{h)%  they  are  foimd,  however,  lieyond  the  place  where  the  cBl 
cease  to  exist,  and  ap^iear  as  irregular  annular  fasciculi  evea  i 
smallest  tulx^s. 


BTHUOTims    01-   THS    PtmitONAHT   PARXKOHTMA. 

At  the  point  where  the  gmall  bronchial  tubes  lose  their 
character,  and  l>egin   to   be   beset  with  air-cells,   their 
gradually  undergoes  a  change.    The  muscular  layer  almost 
the  longitudinal  elastic  bundles  are  broken  up  into  an  intei 
areolar  and  elastic  tissue,  which  surrounds  the  moutlis  of  the 
and  the  walls  of  the  iiifnndiluda,  and  the  columDar  ciliated 
gives  place  to  a  fitmttun   of  non -ciliated  cells.    The  chaaft 
eharact^T  of   the  epithelimn   first  occurs  in  the  scHcaUad 
bronchi  I  ties,  wlien^  patches  of  small  pavement  epitheliimi-oeDs 
app<:ar  anion 'z?it  the  ciliated  cells,  especially  in  the  neigh boiirlM)odj 
air-cells  n|Hjn  the  wall  of  these  tul>es.     At  the  end  of  the 
bronchiulr,  Ut-ar  the  passage  to  the  infundibula,  all  the  cdh 
the  wall  of  ti^e  tube  are  of  the  non-ciliated  paT^aait  raricif. 
air-cells  themadves,  both  those  which  are  ficatteied  over  the  w^ 
bronchioles  and  those  which  cover  the  infundibula,  as  wteD  ai  « 
diate  portions  of  the  intundibnla  which  ocour  here  aad  tba«  bsm 
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|riLt,  poesesB  an  epithelium  of  a  peculiar  character.  The  cells  of 
|^.«^ihelinm  are  oi  two  kinds,  viz.  : — 1,  large,  thin,  very  delicate 
1^  nregnlar  in  size  and  shape,  lying  over  the  blood-vessels,  but 
k  in  many  cases  extending  over  the  interstices  between  them ; 
I  appear  not  to  possess  a  nucleus :  and,  2,  small,  flat,  polygonal, 
Intod  cells,  which  lie  singly  or  in  small  groups  of  two  or  three 

Fig.  447. 


PSg.  447. — Sectiov  or  part  of  oat's  luho,  staivxd  with  witraib  of  snYEB 
(Klein  and  Noble  Smith).     Highly  Maokifibd. 

%B  mmn  gnuinlar  and  the  large  flattened  cells  of  the  alveoli  are  shown.  In  the  middla 
•eetioD  of  a  lobular  bronchial  tube,  with  a  patch  of  the  granular  pavement  epithelium- 
ion  oneiide. 


\b,  between  the  others,  and  always  in  the  interstices  of  the  capillary 
work. 

1  the  foetus  ihe  alveoli  are  entirely  lined  with  small  granular  pavement  oeUs, 
with  the  distension  which  follows  upon  the  first  respiratory  efforts  most  of 
ceSHa  become  transformed  into  the  large  thin  epithelial  elements  above 

lie  walls  of  the  alveoli,  which  mainly  consist  of  an  indistinctly 
Hated  connective  tissue  with  corpuscles  scattered  here  and  there, 
snpported  and  strengthened  by  scattered  and  coiled  elastic  fibres, 
cifuqr  numerous  near  their  orifices,  in  addition  to  which,  according 
loleecbott  and  others,  there  is  likewise  an  intermixture  of  muscular 
)-cellB.  A  number  of  granular  rounded  amoeboid  cells  are  usually  to 
^nind  finee  in  the  air-cells  and  smaller  bronchial  tubes :  not  unfre- 
itly  they  contain  carbonaceous  particles.  By  the  migration  of  these 
into  uie  pulmonary  tissue,  the  carbon  particles  may  be  eou^e^^ 
the  Bobstiuioe  of  uie  Jang  and  tbenoe  into  the  lymphaWca  «3i^ 
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bronchial  orlancb,  but  fluids  and  fine  particl(?s  can  also,  it  i 
penetrate  diroctly  to  the  lymphatics,  buth  of  the  interalTeolartH 
of  the  bronchial  tubes,  by  aid  of  the  pseudoBtomata  which  omn 
cell-epaces  of  the  connective  tissue  with  the  inner  surface  of  the i 
membrane  (see  p,  521). 

Tlie  air-ceUs  in  the  natural  state,  are  alwajs  filletl  with  air.  Thei^ut 
Been  on  the  surface  and  in  a  sectioji  of  a  lung.  wMch  has  been  mflA&vd  i 
and  dried  ;  also  upon  portions  of  foetal  or  adult  Inng  injected  withj 

Fig,  448. 


Fig.  448. — PoanoN  of  the  outer  sufiirAOE  ov  the  cow*«  Linro  i 

after  Harting).     Magnified  30  diameters. 
a,  piilmunarj  ve«iclea  filled  artificialtj  with  wax  ;   h,  the   margins  of  Ibe 
lobules  or  infurnlibuU, 


wa3c  (fig-.  44 B.  a,  a}.     In  the  lungs  of  some  aoimalB,  as  of  the  Item,  < 

dogp  the  J  are  very  larget  and  are  diBtinctly  visible  on  the  anr&oi 
oi^n.  In  the  :idiilt  human  lung  their  mo^t  cocnmon  diameter  is  tSk 
of  an  inch  fri'2r«  rain.),  hut  it  varies  from  j|jth  to  j^th  of  an  in»b ;  ( 
largtir  on  the  surface  than  in  the  interior,  and  largest  towiuds  the  tk 
of  tho  organ  :  they  are  also  very  large  at  the  apex  of  the  lung.  Their  dii 
go  on  increasing  from  birth  to  old  age,  and  thev  are  lai^ger  in  men  than  in 
In  the  infant  the  diameter  is  usually  under  jj^th  of  an  inch. 

The  whole  lung  ha.»  a  lohulated  struotore  oest  seen  in  the  fcetnd,  w1 
lungs,  not  yet  di^tende<l  with  air,  present  very  much  the  appeotuioe 
pound  racemose  glands.  The  inf  imdibula  may  be  regarded  as  mnumiti 
the  smallest  or  ultimate  lobules  of  such  a  gland.  They  produce  the  Si 
of  polygonal  areni^  enclosing  groups  of  pix  or  eight  air-ceLU  which  an 
the  sorfaoe  of  the  lung  (fig,  448),  The  infundibula  are  grouped  into 
secondary  lobules,  and  these  again  into  yet  larger  divisions.  The  vanoi 
are  united  and  wj)arated  by  connective  tissue  in  variable  amount,  mtm 
the  larger  and  les^  betwefiu  the  smaUer  groups.  From  the  mutual  comp 
which  tliey  are  subjected  the  lobules  are  bounded  by  flattened  sides,  and 
compactly  iltt^^l  to  each  other  and  to  the  larger  air- tubes  and  reseels  of 


BL00n-Vi:B6ELS»   liYHPHATICS,  AHD  NSBTBS   OF    THV  XiUl 

FulmQnajry  vessels. — Tbe  branches  of  the  pnhn- 
pan  J  the  bmncLinl  tubes,  bnt  in  their  remote  ran. 
divide  iiune  frec^\\ei\t\y.  T\\^  wmm  arterial  trunk  ran.**  liown  mm 

'  iud  the  mam  btouekivii  U\)ti!is.,  %wim%  <afS.  <iw»ict«B^^\^:ss^^ 


Ig;  449. — Sicnoir  07  tktkctvd  lunq,  mcwt^WQ  isrsftAL  coKnouous  alybou 
(F.  K.  SchttlUe).     Hiohlt  MAGNiriED. 

m,  free  edges  of  alreoli ;  r,  <r,  parti  tiona  lietween  neighbotiring  alreoli,  seen  in 
OB  ;  h,  tmAll  arterijil  branch  giving  off  cnpillarieji  to  tbe  alveoli  Tlio  looping  off 
p«9ek  to  either  side  of  the  partitionfl  is  well  exhibited.     Between  tliQ  capillaries  b 

tibe  honufeDeons  mlyeoku*  wall  with  nuclei  of  connectiTe  tissue  corpudcle^  Acd 


by  Rainey,  tbe  capillary  network  in  these  partitions  is  single  in  the 
8  of  man  and  mammfiJia,  although  it  forms  a  double  layer  in  the 
8  of  amphibia  and  reptiles. 

he  capillaries  are  very  fine,  and  the  network  they  form  is  so  close 
the  meshes  are  scarcely  mder  than  the  vessels  tliemsches.  They 
•lery  suj>erficial,  being  covered  only  by  tlic  thin  layer  of  tesselated 
kelinm  above  mentioned,  and  in  tLc  partitions  between  contio^nons 
>li  the  vessels  of  the  network  project  on  either  side  in  an  arched 
Wp-Uke  manner  into  the  cavities  of  the  alveoli  (f}g,  441)).  The 
»n8  membrajie  of  the  bri^ncbial  tiiWs,  especially  near  the  air- 
is  partly  supplied  with  blood  from  bmnches  of  the  jjulnioiiary  artery^ 
le  radicles  of  the  pulmonary  veins  arise  from  the  capOlary  network 
le  alveoh  and  from  that  of  tlie  smaller  bronchial  tubes.  The 
;hes  of  these  veins  whicli  aris<^!  from  the  infimdibnla  near  the 
ce  of  the  lun^,  do  not  accompany  the  bronchia  and  arterial  brat\d\ea» 
re  found  to  ran  nlone  for  a  certain  distance  through  the  R\i\isl«ii^<ii> 
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the  organ.   They  finally  either  join  some  deeper  Tein  wWch  i 
a  bronchial  tnlje^  or  thoy  remain  superficial,  forming  a 
plexus  near  the  snrfaco  of  tlie  Innj^,  finaJlj  tending  tt^wardg  thtl 
join  the  hii-gtv  veins  near  the  root  of  the  lung.     The  Teins 
more  deeply  lying  infanilibiila  form  frequent  commimicatioDi,  i 
coalesce  into  large  branehes,  which  accompany  the  bronchial  L 
arteries,  eonrsing  as  a  rule  in  front  of  the  bronchial  tnbet, 
procted  to  the  nxjt  c»f  the  lim^.  In  their  course  togeth^ 
Inng,  the  artery  is  usnaUy  fotmd  above  and  behind  a  orcinchJal  I 
the  vein  below  and  in  front. 

The  piilmonarj  vcdsela  differ  from  tlio  pystemio  ill  regard  to  theirs 
ina^ranclx  as  the  arteries  convey  dark  blood,  whU»t  the  Teins  carry  j 
Th©  pulmonary  veins,  unlike  the  other  veins  of  the  body,  mre  not  tnofv 
than   t^ieir  corre8ix)ndlug   arteries ;   indeed,  acoordin^   to  Winalow, 
Haller,  and  otherij  they  are  eomewhat  less  ao,    Tbei$e  TQtns  haire  ao  1 
Lastly,  it  may  be  remarked  that,  whil^  the  arteries  of  different  seoom 
are  usuaUy  independenti  the  veins  freely  anaBtomoee. 

Bronchifil  veasels- — The  bronchial  arteries  and  veins, 
mnch  Bnialler  ihkin  the  pnlmonary  vessels,  cjutj  blood  fur  the 
of  the  hing.    The  bronchial  arteriee,  ft^oni  one  to  three  in  nu 
each  Inng,  arise  from  the  aorta,  or  from  an  intercostal  artery,  tod  1 
the  divifiions  of  the  air-tnbes  through  the  lunj;:.    They  ai\^  nltia 
distributed  in  three  ways:  (1)  many  of  their  brandies  ramify  ia I 
bronchial  lymphatic  glands,  the  coats  of  the  laiif^e  blood-vesscis  I 
the  walls  of  the  bronchial  tubes,  snpplyinf^  an  outer  capillary  [ ' 
tnmsverse  meshes  to  the  mib^cuhir  cuat,  and  an  inner  plextw  milki 
lonj^ntndinal  meshes  to  the  nmcons  membrane,  which  at  the 
of  the  bronchial  tnbes  is  continnoiis  with  tliat  supphed  by  the  ] 
artery  ;  (2)  othci^s   form  pk-xnses   in  the  interlobular 
(3)  branches  spread  ont  upijn  tlie  f^nifaee  of  the  lung  benealklbfil 
forming  plcxnses  and  a  capillary  network, 

A  few  smaU  branches  uf  the  intercostal  arteries  ako  pa»  to  Um 
pleura  and  sorfaoe  of   the  lung  through  the   HgRmentmii   JaMnm 
(Tamer), 

The  bronchial  veins  have  not  quite  so  extensive  a  disiiibntioo  h 
luug  HA  the  bronchial  arteries,  since  part  of  the  Mood  canied  1^ 
broocliial  arteries  is  returned  by  the  pulmonary  veins.     The 
and  deep  bronchial  veins  unite   at  the  nx>t  of  the  lung,  opening 
ri^dit  side  into  the  large  azygos^  and  on  the  left  nsuJaUj  iolo  tin 
upi>er  azygos  vein. 

According-  to  Zuclcerkandl  it  is  not  Ofuly  at  the  extremttie*  of  IIm  Ip« 
tabea  that  the  blood  brought  bj  the  brozkchiAl  Aiteriee  is  retiuiMl  bf  dM 
monary  veiriJt,  but  in  other  piirt«  noall  bronohial  Teiiit  opea  into  falHi 
brancheB  ;  and  even  veins  which  reeeiTe  hmmchet  from  the  UfftK  iHi 
from  the  bronchial  glands  and  from  the  posterior  mrfaoe  ot  die 
empty  their  contt!nt6  partly  into  the  great  trunks  of  the  putmdtifti7 


Zijniphatics. — Part  of  the  lymphatics  of  the  lung  take 
lym|>hatic  capiliarics  in  the  iiUeralveolar  septa,  and  tbofic  li«f 
face  of  the  lung  come  into  eonneetioD  with  the  subpleural  Ij 
ple.xna,  prcviooBly  mentioned  (p,  aOS)*    They  join  to  furm 
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ly  the  branches  of  the  puhnonary  artery  and  vein,  running  on 
of  those  vessels  in  twos  or  threes,  connected  by  numerous  cross 
and  in  some  cases  ahnost  completely  surrounding  the  blood- 

^r  lymphatics,  which  might  be  distinguished  as  bronchial, 
pte  in  plexuses  in  the  mucous  membrane  of  the  bfonchid  tubes. 
m  ihey  pass  thi'ough  the  muscular  coat  to  form  another  plexus 
0  fibrous  layer,  where  they  are  most  numerous  on  the  side 
■to  the  accompanying  branch  of  the  pulmonaiy  artery.  Here 
•re  not  unfrequently  found  to  enclose  nodules  of  lymphoid 
,  (see  p.  214).  The  branched  connective  tissue  corpuscles  and 
^*  \  with  which  the  lymphatics  are  in  connection  at  their  origin, 
es  upwards  to  the  inner  surface  of  the  air  tubes  and  alveoli, 
the  epithelial  cells  (like  the  pseudostomata  of  the  serous 
aes,  p.  216).  Lymphoid  tissue  is  found,  according  to  Arnold,  in 
parts,  viz.,  under  the  pulmonary  pleura ;  in  the  perivascular 
«ribronchial  tissue  ;  in  the  bronchial  wall,  and  around  the  alveolar 

the  root  of  the  lung  the  superficial  and  deep  lymphatics  unite 
i  few  anastomosing  trunks  before  entering  the  bronchial  lymphatic 


L — The  nerves  of  the  lung  come  from  the  anterior  and  pos- 
".polmonaiy  plexuses  which  are  formed  chiefly  by  branches  from  the 
Bogastric  nerves,  joined  by  othera  from  the  sympathetic  system. 
Ine  nervous  cords  enter  at  the  root  of  the  lung,  and  follow  the  air- 
^  According  to  Remak,  whose  account  has  been  confirmed  and 
I  to  by  the  more  recent  observations  of  Stirling  and  others,  they 
de  both  white  fibres,  derived  in  all  probability  from  the  vagus, 
pey  filaments  proceeding  from  the  sympathetic,  and  have  ganglion- 
both  singly  and  in  groups,  upon  them  in  their  course.  In  the 
•Tertebrates  (frog,  newt)  the  nerves  are  chiefly  distributed  to  a  layer 
win  muscular  tissue,  which  is  everywhere  found  taking  part  in  the 
nsition  of  the  relatively  simple  pulmonary  wall  (Stirling),  but  in 
mals  the  final  distribution  of  the  nerves  requires  further  exami- 


Mttt  I«it«ratnre  of  the  lonffs  and  trachea. — (For  older  literatare  see  the 
I  "Lang"  by  F.  £.  SchuUze,  in  Strieker's  Handbook,  1871)  ;  RindfleUch,  Muskul. 

Bkonchien,  Med.  Centralbl.,  1872  ;  Veriistel.  d.  Art.  pulm.,  Beri.  kiln.  Wochenschr., 
;  TarchetUf  on  the  glands  of  the  trachea,  in  Rir.  d.  med.  &c.  di  Soresina,  1874  ; 
wkif  Bpith.  d.  LuDgeDalr.,  Med.  Centralbl,  1875  ;  KiiUntr,  Lungenepith.,  Virch. 
,  1876 ;  Kreislauf  d.  LuDge,  Virch.  Arch.  LXXIII.,  1878  ;  Cohnheim  u.  LitUn, 

d.  Lnngenarterien,  Virch.  Arch.,  LXV.,  1876  ;  Cculiat,  Eapp.  cntre  le  d^rel.  du 
M  et  la  structure.  Arch,  de  physiol.,  1877  ;  Stirling^  Nervous  apparatoa  of  the 
BnL  Med.  Journal,  1876;  Proc.  Boy.  Soc.,  1880,  and  Joum.  of  Anat.,  1881; 
plana  of  muscular  tissue  of  lung.  Journal  of  Physiol.,  1878  ;  Aeby,  Bronchial-baum, 
CSeatralbL,  1878,  and  Leipzig,  1880  ;  S^,  Calibre  de  la  trach.  et  des  bronches, 
i.  K.  med.  XII.,  1878  ;  PrankcnhduBer,  Tracheo-bronchial-schleimhaut,  Dii«8., 
L.  1879  ;  Vera(/uth,  Lungenepith.,  Virch.  Arch.,  LXXXII.,  1880  ;  KoUiker,  liau 
MKbL  Lunge,  Wurzb.  Verhandl.,  1881  ;  Kandarazi,  on  the  nerves  of  the  respir. 

in  Arch.  f.  Anat.,  1881  ;  ZuckerkaiuU,  in  Wiener  Sitzungsb.,  1881. 

the  lymphatics  of  the  lungs.  — Sikortkij  in  Med.  Centralbl.,  1870;  Klein, 
Dj  of  Lymphatic  Svstcm,  Part  11.,  1875  ;  /ru,  in  Arch.  f.  oxp.  Pathol.,  V.  1870, 
I  Yiroh.  Arch.,  LXXIIL,  lti78 ;  Nothnagd  in  Virch.  Arch.,  LXXL,  1877  ; 
\sr  in  Gax.  med.,  1877  ;  RuftpfH  in  Virch.  Arch.,  LXXU.,  1878 ;  SchotUlixu  in 
Arch.  LXXllL,  1878  ;  r.  Wittich,  in  Mitth.  a.  d.  Konigsb.  physioL  Laborat.,  1878  \ 
p^  in  Virek  Arch.,  hXXV,,  1S79  ;  J.  Arnold,  in  Virch.  Arch.,  IXXX..,  l^^Q. 
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THE   liABYNX,   OB    OUaAN    OF    VOIGl 

The  laxynz  is  placed  at  the  upper  and  fore  part  of  &e 
it  forms  a  considerable  prominence  in  the  middle  line.  It 
the  large  vessels  of  the  neck,  and  below  the  tongne  and  hyoi 
covered  in  front  by  the  cervical  fascia  along  the  middle  line 
side  by  the  stemo-hvoid,  sterao-thyroid,  and  thyro-hyoid  n 
upper  end  of  the  thyroid  body,  and  by  a  small  part  of  the 
stricter  of  the  pharynx.  Behind  it,  is  the  pharyngeal  mnoo 
and  above,  it  opens  into  the  cavity  of  the  pharynx. 

The  larynx  consists  of  a  framework  of  cartilages,  articnL 
and  connected  by  elastic  membranes  or  ligaments,  two  of  ^ 
ing  into  the  interior  of  the  cavity  are  named  the  true  voa 
more  inmiediately  concerned  in  the  production  of  the  voice 
special  muscles,  which  move  the  cartilages  one  upon  an<^b 
its  form  and  the  tension  of  its  ligaments,  and  it  is  lined 
membrane,  continuous  above  with  the  mucous  membrane  < 
and  below  with  that  of  the  trachea. 


OABTZLAGliB    OF    THX   ULBYITX. 

The  cartilages  of  the  larynx  (fig.  450,  451)  consist  o 
and  synunetrical  prices,  named  respectively  the  thyroid  cm 
cricavd  cartilage  (fig.  450,  8,  fig.  451,  2),  and  the  carUlag$  i 
(fig.  451,  7),  and  of  three  pairs,  namely,  the  two  aryts^ 
(fig.  451,  3),  the  comicula  larytigis,  and  the  cuneiform  i 
all  there  are  nine  distinct  pieces,  but  the  comicula  a 
cartilages  are  very  small.  Only  the  thyroid  and  eric 
are  visible  on  the  front  and  sides  of  the  larynx ;  the 
cricoid  cartilage  surmounted  by  the  arytenoid  cartilag 
again  by  the  comicula  are  seen  at  the  back,  whilst  ih 
situated  in  front  of,  and  the  cuneiform  cartilages  on  eac 
upper  opening 

The  thjrroid  cartilage,  the  largest,  consists  of  two  flat 
which  are  continuous  in  front,  forming  a  narrow  angle  witi 
like  the  letter  V,  most  prominent  at  the  upper  part.  This 
jcction  is  subcutaneous,  and  is  much  more  marked  in  the 
the  female,  being  named  in  the  former  the  pomum  Adoi 
symmetrical  halves,  named  the  alcty  are  somewhat  qnadrili 
Of  each  half  the  anterior  border  is  the  shortest,  the  pommo 
surmounted  by  a  deep  notch  (see  fig.  450).  The  free  poeti 
thickened  and  vertical,  and  is  prolonged  upwards  and  do 
two  processes  or  cor^nia ;  it  gives  attachment  to  the  stylo-pl 
palato-pharyngeus  muscles.  The  upper  and  lower  boid 
a  well-marked  sinuosity  close  to  tne  comu :  otherwise 
convex,  and  the  lower  nearly  straight.  The  flatten^  extei 
each  ala  is  marked  by  an  indistinct  oblique  line  or  rid 
which,  commencing  at  a  tubercle,  situated  at  the  bad 
upper  border,  passes  downwards  and  forwards  to  a  tnberc 
to  mark  off  the  anterior  three-fourths  of  the  sur&ce  from  i 
This  line  gives  attachment  below  to  the  stemo-thyioid. 
the  thyro-hyoid muscle,  whilst  the  small  smooth  surfaceb 
origin  to  port  oi  t\v^  \uW\ot  ^.oii&VnRXAx  ^l^C^^s^^^^issc^ 
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!  by  Tueans  of  areolar  tismie,  to  the  tJiyroid  body.  On  their 
irfaces,  the  alse  art*  smooth  and  eli^'htly  coiicuTe,  Of  the  foar 
of  which  lieml  inwards,  the  two  sii^xrior  or  fp^eftt  cornna 
ms  upwards  with  sometimes  a  elijii^ht  backward  curve,  and 
fcch  bj  a  blunt  t.'Xtn?mity»  whieli  is  conuceterl,  by  means  of  the 
hhjoid  hgament,  to  the  tip  of  the  correspouditig:  great  comn 


ErttWOftia  LARTVGKAIi 
>  LIOAMBITS  (Sapp«j). 

^  ;  2,  iti  Urge  comaa  ;  3, 
inuft ;  4,  thjroiii  oarti- 
m>-liy'jid  mcmbiune ;  6, 
ijrotd  ligauieDif  coutaining 
L  irkirra,  7  ;  8,  cricoid 
*  «rico-thymid    membrati*.' ; 

rthjroid  lij^tuent8. 
bone  (fig.  450,  1>). 
f  or  smnUer  coraua, 
lomewhat  tiiii^ker  but 
\  directed  slightly  for- 
on  the  inner  aspect  of 
lent  a  smootli  surface, 
^on  with  a  proniineuce 
\  of  the  cricoid  caiti- 


Pxg.  450. 


&■ 


10^ 


Lcoid  cartilage  (fig. 
jch  18  shaped  like  a  sig- 
\  thicker  and  stronger 
hjToid,  It  18  deep 
(451,  2),  where  it  is 
Ifco  a  i^quariah  plate  or 
tesnring  in  the  male  about  an  inch  from  above  dowo- 
tt  in  front  it  forms  a  nrirrow  ring  or  areh,  \\\i\\  a  vertical 
tit  of  only  one-tV>nrth  or  one-fifth  of  an  inch,  Corre- 
^th  thiSy  tlie  superior  bordfT^  which  is  markedly  elevated 
icends  with  a  deep  concavity  in  front  below  the  thyroid 
Irbile  the  infenor  bonki\  is  horizontal,  and  eonnectetl  by 
to  the  first  ring  of  the  trachea.  The  posterior  elevated 
p  npper  border  is  slightly  depressed  in  the  middle  bne  ; 
^  sides  of  this  depression  are  the  elongated  oval  facets 
ktion  with  the  arytenoid  cartilages.  These  facets  are 
per  and  they  look  outwards  as  well  as  upwards.  The 
fface  of  the  cartilage  is  convex  and  sEio<:»th  in  front  and 
%  where  it  affords  attachment  to  the  cnco-thjrroid  muscles, 
I  these  to  the  inferior  constrictors  of  the  pharynx  :  in 
[ime  posteriorly  is  a  slight  vertical  ridge  to  which  some 
ptudinal  fibres  of  the  oesophagus  are  attached.  On  each 
I  ridge  is  a  broad  depression  occupied  by  the  posterior  crict> 
psele,  outside  which  is  a  small  concave  rounded  and  slightly 
pe  for  articulation  with  the  inferinr  corno  of  the  tfiyroid  car- 
tas). The  infenial  sioface  is  covered  throughout  by  the 
ibrane  of  tJie  hr/ns.    At  its  lower  l>order  the  cricoid  \a  c\i* 
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cular,  but  higher  up  the  cartila^  is  somewhat  oom| 
that  the  ]iassa;:e  through  it  is  here  elhptical. 

The  ajrytenoid  cartila^^es  (fig,  4ol,  3)  are  two  in  nn 
metrieal  in  form  and  ix»sitiou.  They  may  be  compar^ 
iiTef^nlar  three-Bided  pyramids,  aud  they  rest  by  their  iKiisesH 
and  hiirhest  part  of  the  cricoid  cartilage,  while  their  so ' 
apices  approach  one  another.  Each  is  about  lialf  an  inc 
quarter  of  an  inch  wide.  Of  the  three  faces  the  jwsterwr  \ 
giilar,  and  conciiTe  from  above  downwards,  lodging  part  i 


Ftg.  451. 


Fjfl.  451. — Back 
geal     caktilaci 
(Sapfky). 

1,  thyroid 

tilage  ;  3, 
luuHcular 
l>etter    marked 
the   lower   cornu   of 
tlic  back   of    tbe 
upper    ring    of    the 
glottis  ;   %    liguaeaii 
the  nnglc  of  the  thjrN 
comiLulH  are  seen  ftui 
teuoid  cartilages. 


miisele.  The  a/ii 
naif  convex  in  il 
hue,  and  somewhi 
attaclunent  to  tl 
jioid  muscle^  an( 
tubercle,  to  the 
superior  or  false  vt 
infernal  surface,  wl 
rowest  of  the  tbr 
convex,  is  nearly  p 
of  the  opposite  car 
covered  oy  the  li 
membrane.  The  anterior  and  posterior  borders,  which  li 
face,  arc  nearly  vertical,  whilst  tlie  external  border,  wM 
anterior  from  the  pi:»sterior  surface,  is  oblique. 

The  ham  of  each  arytenoid  cartilage  is  slightly  hoi 
towardB  its  outi^r  part  a  smooth  surface  for  articulation  wit 
cartilage.  Two  of  its  aui^des  are  remarkably  promil 
ej'tenui!^  Ethort,  and  rounded,  which  projects  backwards 
and  into  which  the  }x>sterior  and  the  lateral  crico-arytem 
inserted  imnscuhr  proeess)  ;  the  other  anterm\  which  il 
and  forms  a  horizontal  |>rojei'tion  forwards,  to  which  the 
tiue  v«:»€al  cord  m  attached  (roraf  procesft). 

The  tf/^'T  curves  liackwards  and  a  little  inwards,  and 
blunt  pant,  which  is  surmounted  by  the  coniiculum  laiyi 

A  small  cartilajB-inons  ntxlule  (sesamoid  cartilage)  is  eometi: 
fildo  of  the  arytenoid  near  the  tip,  embedded  in  the  perichondiioi 

The  comicitla  la,r7ii^s,  (w  oairtila^es  of  flasttorixil 
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^4©d  with  the  snmmits  of  the  arytenoid  cartilages  (6g.  451),  and 
^it  were  to  prolong  them  backwards  and  inwards.  They  some- 
^Ba  part  of  the  arytenoid  cartilages. 

^•■Bfllfbrm  cartilages,  or  cartilages  of  Wrisberg,  are  two 
■Hdl,  soft,  yellowish,  cartilaginous  bodies,  placed,  one  on  each  side, 
■Ud  of  the  mncons  membrane  which  extends  from  the  summit  of 
hlmoid  cartilage  to  the  epiglottis.  They  have  a  conical  form,  with 
|b  directed  upwards.  They  occasion  small  elevations  of  the  mu- 
pimbnme,  a  little  in  advance  of  the  comicula,  with  which,  however, 
le  not  directly  connected. 

I  eaztilagefl  are  yery  frequently  absent,  especially  in  tlie  white  races  of 
dy  bat  according  to  Oibb  are  always  present  in  the  neg^. 

epiglottis  (fig.  451,  7)  is  a  median  lamella  of  yellow  cartilage, 
somewhat  like  an  obovate  leaf,  and  covered  by  mucous  mem- 
It  is  placed  in  front  of  the  superior  opening  of  the  larynx, 
ing,  in  the  ordinary  condition,  upwards  immediately  behind 
16  of  the  tongue  ;  but  during  the  act  of  swallowing  it  is  carried 
■rds  and  backwards  over  the  entrance  into  the  larynx,  which  it 
and  protects. 

cartilage  of  the  epiglottis  is  broad  and  rounded  at  its  upper  free 
I,  but  inferiorly  it  becomes  pointed,  and  is  prolonged  by  means  of 
p  narrow,  elastic  band  (the  thi/ro-epighttic  ligament)  to  the  deep 
r  depression  between  the  alae  of  the  thyroid  cartilage,  to  which  it 
ched  behind  and  below  the  median  notch.  Its  lateral  borders, 
are  convex  and  turned  backwards,  are  only  partly  free,  the  lower 
leing  enveloped  in  the  aryteno-epiglottic  folds  of  mucous  mem- 
The  anterior  or  lingual  surface  is  free  only  in  its  upper  part, 
it  is  covered  by  mucous  membrane.  Lower  down,  the  membrane 
xsted  from  it  forwards  to  the  base  of  the  tongue,  forming  three 
m  fraenula,  the  middle  and  lateral  glosso-epiglottic  folds.  This 
s  is  also  connected  below  with  the  posterior  surface  of  the  hyoid 
jy  a  median  elastic  structure  named  the  hyo-epiglottic  ligament 
nierior  or  laryngeal  surface,  which  is  free  in  the  whole  of  its  extent, 
mvo-convex  from  above  downwards,  but  concave  from  side  to  side  : 
snTexity  projecting  backwards  into  the  larynx  is  named  the 
le  or  cushion.  The  epiglottis  is  closely  covered  by  mucous  mem- 
OQ  removing  which,  the  yellow  cartilaginous  lamella  is  seen  to  be 
1  by  numerous  little  pits  and  perforations,  in  which  are  lodged 
g^ds  which  open  on  the  surface  of  the  mucous  membrane. 
to  the  age  of  puberty  the  larynx  is  similar  in  the  male  and  female, 
nef  charactenstics  at  that  period  being  the  small  size  and  com- 
fB  dightness  of  the  organ,  and  the  smooth  rounded  form  of  the 
d  cartilage  in  front.  In  the  female  these  conditions  are  permanent, 
ing  that  a  slight  increase  in  size  takes  place.  In  the  male,  on  the 
iiy,  at  the  time  of  puberty,  remarkable  changes  rapidly  occur,  and 
CTiix  becomes  more  prominent  and  more  perceptible  at  the  upper 
f  the  neck.  Its  cartilages  become  larger,  thicker,  and  stronger, 
he  ate  of  the  thyroid  cartilage  project  forwards  in  front  so  as  to 
It  their  union  with  one  another,  the  prominent  ridge  of  the  2)omum 
L  At  the  same  time,  the  median  notch  on  its  upper  border  is 
erably  deepned.  In  consequence  of  these  changes  in  the  thyroid 
ge,  the  distance  between  its  angle  in  front  and  tlio  arjtAiiOui 
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cartilages  behind  oecomca  greater,  and  the  vocal  cords  « 
lengthened.  Hence  the  dimensions  of  the  glottis,  whic^  s 
puberty,  undergo  an  increase  of  about  one-third  only  in  tl 
nearly  doubled  in  the  male,  and  the  adult  male  larynx  beocn 
one-third  larger  than  that  of  the  female. 

Towards  the  middle  of  life  the  cartUages  of  the  laiyn: 
tendency  to  ossification  ;  this  commences  first  in  the  thyi 
then  appears  in  the  cricoid,  and  much  later  in  the  aryten 
In  the  thyroid  cartilage  the  ossification  usually  begins  at  tl 
posterior  bordei*s ;  it  then  gradually  extends  along  the  ^ 
border,  and  8uljse(iuently  spreads  upwards  through  the  « 
cricoid  cartilage  first  becomes  ossified  at  its  upper  border  u 
near  the  two  posterior  articular  eminences,  and  the  ossific 
the  lateral  parts  of  the  cartilage  before  encroacliing  either  c 
or  posterior  parts.  The  arytenoid  cartilages  become  oesifi 
upwards. 

Structure  of  the  cartilages  of  the  larynx. — The 
comicula  laryngis  and  the  cuneiform  cartilages,  are  comp 
or  yellow  fibro-cartilage  (p.  82),  and  have  little  tendency  t 
apices  of  the  arytenoid  cartilages  are  also  formed  of  elastic  1 
but  the  greater  part  of  these,  as  well  as  the  cricoid  and  th; 
are  composed  of  hyaline  cartilage,  resembling  generally  tha 
cartilages  (p.  81),  hke  which,  they  are  very  prone  to  ooBifi 
advances. 

lalGAMSNTS  AND  JOINTS  OF   THB    ZaABTKL 

The  larynx  is  connected  with  the  hyoid  bone  by  a  bro 
and  at  the  sides  of  this  by  two  round  lateral  ligaments.  The 
membrane  or  middle  thyro-hyoid  ligament  (fig.  450,  J 
fibrous,  and  somewhat  elastic  membrane,  which  passes  np  b 
length  of  the  superior  border  of  the  thyroid  cartilage  to  tb 
where  it  is  attached  to  the  posterior  and  upper  margin  of 
inchned  inferior  surface.  Owing  to  this  arrangement,  the  top 
when  drawn  upwards,  is  permitted  to  slip  within  the  dn 
the  hyoid  bone,  between  which  and  the  upper  part  of  the  t 
lage  there  is  occasionally  found  a  small  synovial  bursa, 
hyoid  membrane  is  thick  where  subcutaneous  towards  the 
out  at  the  sides  becomes  thin  and  loose,  and  is  covered  1 
hyoid  muscles.  Behind  is  the  epiglottis  with  the  mnooi 
of  the  base  of  the  tongue,  separated,  however,  by  adipoi 
mucous  glands.  This  ligament  is  perforated  by  the  super 
artery  and  nerve  of  each  side.  The  lateral  thyro-h^iii 
(fig.  450,  0),  placed  at  the  posterior  limits  of  the  thyro 
brane,  are  two  rounded  yellowish  cords,  which  pass  np  mmi 
cornua  of  the  thyroid  cartilage,  to  the  extremities  of  the 
of  the  hyoid  bone.  They  are  distinctly  elastic,  and  there 
enclosed  in  each  a  small  oblong  cartilaginous  nodule,  whi 
named  cartilafjo  iriiicea :  sometimes  this  nodule  is  bony. 

The  thyroid  and  cricoid  cartilages  are  connected  togethc 
branous  ligament  and  syuovial  articulations.  The  orioo-ti 
brane  (fig.  450,  D)  is  divisible  into  a  mesial  and  two  lat 
The  mesial  portion,  broad  below  and  narrow  above,  is  a  stio 
yellowish  ligamo.ut,  cow^ktvu^  chiiifiy  of  elastic  tissne,  am 


rot  at  in  £r  movement  on  a  nearly  Tortical  axis^  t 
inclined  inwards  or  out  wards  (as  well  as  somewhai 
upwanls),  A  combined  rotatiot,'  and  jjliding  movement  mi 
The  ordinary  p.>sition  of  the  arytenoid,  wJieu  the  larynx  ist 
the  outer  pnrt  uf  the  aitionlar  surface  on  the  crieoitL  Thei 
erico-arytenoid  ligament,  arising  frooi  the  cricoid,  and 
the  iniiir  and  hack  }Kirt  uf  the  hiise  of  the  arytenoid  cartilaj 
The  summits  of  tiie  arytenoid  eiiitila^a'S  and  the  comicut 
sometimes  nnited  by  a  synovial  joint,  but  most  ireciuenii; 
tissue  forming  a  sort  of  synchondrosis. 
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)er  ana 


The  cavity  of  the  larynx  is  divided  into  an  upper 
paitment  liy  the  coraparativcly  narrow  ajM-Tture  of  the  i^l 
ffhififliSf  the  margins  of  which,  in  their  twu  anterior  thinis  s 
the  lower  or  tnu*  roeai  rords  ;  aod  the  whole  laryngeal  car 


Fig.  452. 


Fig,  452.— AsTsatoR  nx 

TSRSE   YKRTIC,\L    SIEiTiO 
LARTKX  ^*£A.K  rn»3f  t:>D|JI| 

1,  upp^r  division  of  tli« 
%  ccntnU  port-ion  ;  a,  km 
tinned  into  4,  trsurlieai  ;  r, 
tlie  epiglfjttia  ;  t\  iIk  cu 
cornua  of  the  hvoid  booe 
Eienilinme  ;  t,  thjroid  eui 
cartilage ;  r,  first  riBg^  of  ' 
thyro-aryt«Doiil  niuicle ;  § 
arjtejioid  ligHment  in  the  i 
iruii  vocal  cord  at  Ibe  rima 
Tentricle  \  above  this,  the  i 
cordj, ;  ^^  tbe  sacctitua  or  j 
the  riglit  side  tj  carrying 
tker  fon¥anl. 


transverse  rert  ical  eect 

thus  presents  the   ap 

an  hoiir-glaiis.      The 

I>a r  tmen  t  oomm  on  ical 

pfiarynx  hy  the  suj^ 

of  the  larynx,  and  cam 

diately  above  the  rima 

%'€niricks{s\  with  tbci 

Mceuks,  and  the  up| 

vocal  earth.    The  low 

ment  passes  inferiorly; 

of  the  windpipe  without  any  marked  eoustrietion  or  limitaJ 

them.    The  whole  of  the  interior  of  the  laryitx  is  lined 

membrane. 

The  aiLpeiior  aperture  of  the  larynx  k  trianpilar,  wide 
nnnxivY  hehhiii  the  lateral  margins  sloping  oldiijiiely  doi« 
backwards.  It  is  iiounded  in  front  by  the  epigiotti.s  (fig.  4. 
tig.  454,  fi),  behind  by  the  summits  of  the  arytenoid  e^nilas 
B,  fO  nnd  cornieula  i^)  with  the  angnlar  border  of  mncou 
croissiug  the  median  space  between  them,  and  on  the  sides 
of  mucous  mem\^m\u\  l\sa  ttrxjitno-qn'ci^ti/^iV:  fohls^  which, 
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atotts  and  mascalar  fibres  and  the  cuneifonii  cartilages,  paas 
rom  the  tips  of  the  an^tenoid  cartilages  and  coroicula  to  the 
•gins  of  the  eiiigluttis  (^tlg,  4:*i,  8,  %  10). 

Dg:  the  form  of  the  laryngeal  cavity,  and  ita  apertures,  it  ifl  well  to 
BalntMi  with  the  appemunces  which  they  present  on  examination 
t|f  means  of  the  laiyngoeoope,  and  with  the  relatione  of  the^e  to  tlte 


Fig.  453. 


TSR^B        LiJIT5* 
Tnws      OF      THIS 

AnmTvtLX     or 

nx     AJD    ivn- 

MBT9     tX     DIP- 

rAZBi    or    Tfli: 
rsixa  UTK  (from 


iitia  during  ili« 
a  h^  note  in 
in  CMj  or  quiet 

air.  C  in  the 
!St  posible  diJa- 
inhaling  a  very 
TfaedlagnuDflA', 

liare  been  added 

figures  to  show 

aeettoos  of  the 
podtioii  of  the 
kta  and  aiytenaid 
the  thi^ee  nerefal 
flfted  in  the  other 
^1  the  iignrcs,  »o 
d,  the  letten  in* 
aittf  M  follows, 
■e  of  the  tongne; 
liee  part  of  the 
f^  the  tnberde 
I  the  epiglottis ; 
iha  anterior  wall 
JTOL  behind  tbe 
le  margin  of  the 
ittidean  fold  tr, 
if  the  niembiaao 

cuneifonn  cartilage  ;  a,  tbat  of  the  eoTuicuIam  ;  n,  the  tip  of  the  arytenoid 
r,  the  true  vocal  cords  or  Ui)s  of  tbe  riiiia  glottidi^ ;  c  v  t,  the  siiperior  or 
fdt ;  between  tbem  the  ventricle  of  the  larynx ;  in  C»  t  r  is  pbced  on  the 

of  the  recetling  trachea,  and  b  indicates  the  commencement  of  the  two 
id  the  Ufiircation,  which  may  bo  brought  into  view  in  thia  titnto  of  extreme 


itructure.  On  thna  examining  the  superior  aperture,  there  are  seen 
e  two  ronnded  eleTation§  (fig.  453.  *,  ir),  corresponding  reapectivftly 
3Q]a  and  the  cuneiform  cartilages  ;  while  in  the  middle  line  in  front 
tomeraenoe  of  the  mucous  membrane  on  the  lower  part  of  the 
ttblOig^  that  structure  to  close  the  aperture  more  acciurately  when 
lad,  uid  named  the  tvbtrrle  or  cu*hloa  a/  the  rpightth  (Jy.  The 
abranc  between  the  arytenoid  cartilages  is  stretched  when  they  are 
,  C),  and  folded  double  when  they  are  approadmated  (A). 
g  down  through  the  puperior  opening  of  the  larynx,  the  *jh)ttU  or 
iM  {tg,  454,  r)  is  «een  at  *»omc  distance  below,  in  the  form  of  a  long 
le  numing  from  before  backwards.  It  is  situated  on  a  level  with 
art  of  the  arytenoid  cartilag-e«.  and  is  bounded  by  th.e  tni«  tocal 

1L  M. 


J 
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€(^r(U,    Above  tlie  grlottii?.  an  other  pair  of  projecting'  folds  U  \ 
or /(iJjtc  torul  €i*rdit^  which  are  mucii  less  prajecting  than  the  inf«] 
the  superior  and  inferior  vocal  cords,  the  »inHt  or  centricle  ia  i 
gated  depresition  (fig.  41*2,  jf,  and  fig.  454,  I/), 


The  superior  Toeal  cords,  nho  called  the  fftl^  n 
thej  are  ii>it  immudiatt-ly  concerned  in  tlie  production  of 
prominent  rounded  folds  of  mucous  membrane  enclosing 

Fig.  454. — PERSPKcmn 

ItrNX  FROX   ABUTS 

Thomsoo). 

The  8Ui>erior  apertuisr 
dilated ;  the  glottis  U  I 
dilatifd  condition  ;  tlic 
rynx  is  c[>eaed  from  bd 
to  the  fades.  1,  bodj  of 
2f  fimal]  comiia ;  S, 
comua  of  the  thyroid  < 
bnwQ  of  the  pharynx 
terior  surface  of  the 
guUet;  7,  trachea;  8^ 
by  the  cartilage  of  £ 
same  belonging  to  the 
berg ;  10,  aryteno-cpi^lo^ 
cut  margin  of  the  wall 
CI,  free  part  of  the  e 
lower  pointed  |>art ;  a' 
euiineace  od  each  side 
or  pouch  of  the  liirynx ; 
c,  the  glottis  iutermembl 
lines  on  each  aide  poi 
corda ;  d,  iatercartOa^ioi 
glattis. 

c:knds    which    fon 
arclied   projections, 
a!,K>ve  the  correspoiufl 
{fig.  4M,  6).    The  • 
on  looking  down  inl 
geal   cavity,   the  sii 
cords  {€i%%jr,  453) 
aijart  than  the  infeij 
The  infezior  or  tme  vocal  cordsi  the  structures  bj  the 
whit'h  the  s^uiiids  cd'  the  ^'t>iee  lire  prcxliieed,  bound  the 
thii^ds  of  the  aperture  of  the  glottis,  corresponding  ivith  thdj 
noid  ligaments  (tig.  454,  r).     The  mucous  membrane  covsi 
BO  thin  and  closely  adt.ercnt  as  to  show  the  yellowish  coloui 
mentf?  through  it.     Their  free  edges,  which  are  sharp  and 
directed  upwards,  fonn  the  lower  boundaries  of  the  venti 
the  parts  tin  own  into  \ibration  during  the  production 
Their  inner  surfaces  arc  flattened*  and  lo<:ik  towards  each  ol 
The  riina  gflottidis,    an  elongated    aperture,  sitnatf^ 
between  the  interior  or  tnie  vocal  cords,  and,  posteriorlr* 
bases  of  the  arvtetioid  cartilages,  forms  a  long  narrow  ght* 
in  the  eentve  T^\it\iii^at\^'  df^sife^,^\ut\ia  production  of  the 
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f  open,  as  in  easy  respiration,  its  shape  is  that  of  a  long  triangle, 
ed  extremity  being  directed  forwards,  and  the  base  being 
tween  the  arytenoid  cartilages  (fig.  453,  b')  ;  in  its  fiilly  dilated 
it  is  lozenge-shaped  (the  posterior  sides  being  formed  by  the 
B  of  the  bases  of  the  arytenoid  cartilages),  while  the  posterior 
uncatcd  (c').  The  rima  glottidis  is  the  narrowest  part  of  the 
f  the  larynx  ;  in  the  adult  male  it  measures  about  23  nmi., 
an  inch,  in  an  antero-posterior  direction,  and  G  or  8  mm. 
its  widest  part,  which  may  be  dilated  to  nearly  12  mm.  In 
,  and  in  males  before  the  age  of  puberty,  its  dimensions  are  less, 
posterior  diameter  being  about  17  mm.,  and  its  transverse  dia- 
at  4  mm.  The  vocal  cords  are  about  15  mm.  long  in  the  adult 
11  mm.  in  the  female. 

utricles  or  siniuies  of  the  larynx  (fig.  452,  s,  and  fig.  454,  b') 
rer  at  their  orifice  than  in  their  interior.  The  outer  surface  of 
rered  by  the  upper  fibres  of  the  corresponding  thyro-arytenoid 

tail  recesses  named  the  laryngeal  pouches  (fig.  452,  «'),  lead 
anterior  part  of  the  ventricles  upwards,  for  the  space  of  half 
between  the  superior  vocal  cords  inside  and  the  thyroid 
utside,  reaching  as  high  as  the  upper  border  of  that  cartilage 
i  of  the  epiglottis.  The  pouch,  which  is  of  variable  size,  is 
shape,  and  curved  slightly  backwards.  Its  opening  into  the 
is  narrow,  and  is  generally  marked  by  two  folds  of  the  lining 
embrane.  Numerous  small  mucous  glands,  sixty  or  seventy  in 
pen  into  its  interior,  and  it  is  surrounded  by  a  quantity  of  fat. 
r  to  the  fat,  this  little  pouch  receives  a  fibrous  investment, 
ontinuous  below  with  the  superior  vocal  cord.  Over  its  laryn- 
and  upper  end  is  a  thin  layer  of  muscular  fibres  (compressor 
yngis,  arytajno-epiglottideus  inferior,  Hilton)  connected  above 
5  found  in  the  aryteno-epiglottidean  folds.  The  upper  fibres 
yio-arytenoid  muscles  pass  over  the  outer  side  of  the  pouch, 
g  attached  to  its  lower  part.  The  laryngeal  pouch  is  supplied 
y  with  nerves,  derived  from  the  superior  laryngeal. 
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certain  extrinsic  muscles  elsewhere  described — viz.,  the  stemo- 
lo-hyoid,  stemo-thyroid,  and  thyro-hyoid  muscles,  together 
muscles  of  the  suprahyoid  region,  and  the  middle  and 
instrictors  of  the  pharynx,  all  of  which  act  more  or  less  upon 
I  larynx — there  are  other  muscles  which  move  the  different 
ai>on  one  another,  and  modify  the  size  of  the  apertures  and  the 
nsion  of  the  vocal  cords.  These  intrinsic  muscles  are  the  crtco- 
he  posterior  crico-arylenoid.  the  lateral  crico-anjtenoidy  the 
mohiy  the  arytenoid^  and  the  aryteno-epiglottidean,  together 
in  other  slender  muscular  fasciculi.  All  these  muscles,  except 
loid  which  crosses  the  middle  line,  are  in  pairs. 
jCO-thyroid  muscle  (fig.  455,  10),  is  a  short  thick  triangular 
en  on  the  front  of  the  larynx.  Its  attachment  below,  to  the 
rtilage,  extends  from  the  median  line  a  considerable  way  back- 
1  its  fibres  passing  upwards  and  outwards,  diverging  slightly, 
ibove  to  the  inferior  border  of  the  thyroid  cartilage,  aiid  Vo  VicL^ 


Tig,  455.— Fn^iE  vntw  or  thk  lartsx  (Sappej). 

1,  hyoul  bone:  2,  3,  lia  comua ;  4,  rijibt  all  af  lUyioid  caniUge ;  5^ 
the  Nimt*  PcjMimteil  l>v  ohlique  Hue  from  anterior  part  ;  iU  7,  sopoior  «iul 
de»  fit  enils  of  oliliqno  line  ;  8,  ni>|ier  cornu  of  thymitl ;  U,  ihyro-byuiJ  ^t^MB 
tatiifti'jd  iritiitiv;  II,  lower  comu  of  thyroid,  articuktiog  i»itU  ibe  mcotJ;  1^ 
put  of  cricoid;  l;J,  crico-tbyroid  mctnhnuie  ;  14,  crico-Ujyroid  moade ;  15^  \ 
ciicO'iu'ytt'uoid  luii^f  le  piirtly  bldilen  by  tliymid  cartilages 

Fig,  456.— FosTiKioft  vrscLKS  or  ths  lajitvx  (S^ppc^X 

1 ,  poffterior  crico-arjtenoid  ;  2,  arytenoid  muscle  ;  3,  4»  obliqtift  fil««B  | 
the  etlge  of  the  atytcnoid  cartiliige  to  join  the  ibyFo-aiyteuoid,  Mid  I0  Im 
«]ng]uttiileAQy  5. 

somew  hat  eeimrate  from  one  another  in  the  middle  line  in  front, 
an  interval  which  is  trians^ukr  witli  the  base  upwards.     The  mofA 
meuibraiie  is  bert?  exposed. 


ArfhtR,  The  anterior  part  of  the  muK;le  con tracting^  will  t],, 
^00 id  and  thyroid  cartilages  in  front.  In  this  action  ilie  thjt^  k  i 
the  extnnsfc  mnfldes,  tmd  the  anterior  part  of  the  cricoid  nvtUlBC  M  i 
*vhich  unite*  the  articulations  between  the  cnooid  and  the  loi 
thy-roid  i»  drawn  upwards,  and  the  part  bolund  the  crioo-lkjnid  jt 
deprei^^t  And  with  it  the  arytenoid  cartUagve,  eo  that  the  Tocal  cm^i 
imt  on  the  s't retch.  Thie  stretch ingr  of  the  vocal  conk  U  stiU  i 
the  action  of  the  oblique  fibres,  which  acting^  from  the  oooiiiof  Qm  te^  i 
draw  the  cricoid  cartihige  hackwarda.  Hie  mii9cle  b  genenll j  deaefiM  ai 
ftt>ai  the  cricoid,  but  aa  Jelenlfj  ha*  fliownt  it  w  the  tli;ftoid  tlaft  ^  '^ 


^tiie  crlooid  being  moveable,  and  indeed  receiving  no  extrinsic 
I  capable  of  fixing-  it  effectually.  It  la  found  ali*o  that  with  electric  exci- 
pC  this  muscle  the  anterior  part  of  the  cricoid  is  raised  towardi*  the  thyroid. 
is  of  ih&e  mnscles  is  accompanied  by  inability  to  produce  high  tones  of 


f* O^TLO*    OF    THU    Hicnf    HAtF 

is  CMMtttAtimS  OF  THK  LARY7IX  AS 
Wmon  Tits  lltSlItE,  WITH  ths  tktro- 
tXofl*   LiaAXXHT,  TO    ILLr»TK.iTl£   TDK 

m    or    TUX    cmco-TKYauii*    mcsclu 

nmd  ctrtllage ;  r.  crieoiil  cartlU^ ; 
%  irytenuid  oLrtilaLge  ;  a,  its  Tocal 
t  1^  comiculam ;  e  c,  the  thyro^ary- 
U^pment ;  tbe  position  of  the  lowei* 
f  ihc  thyroid  outllAge  nu  the  Dut- 

tbe  cricoid  is  indicated  by  a  dotted 
lAftd  r  indicate*  the  point  or  axis  of 
itf  the  criA'id  G»rtilAge  on  the  tomn 

Uiyroid ;  r  f  A,  ft  lie*;  in  the  prin- 
liFecUon  of  action  of  the  i'rico-thyruid 

yfmp^  the  sftine  of  the  t'^'^^ri^i' 
I  mittck. 


Fig.  457. 


ii 


posterior  cric(MixjteiLoid 
lb  (%•  456,  1),  Bitiiateil  bc- 
►  arises  from  the  broad  de- 
imx  on  the  corresponding'  half 
;  p^jsterior  snrfaoe  of  the  cricoid 
a^e,  and  its  fibres,  couverg^n*^ 

rus  and  outwards,  are  inserted  into  the  outer  angle  of  the  base  of 
lytenoid  cartiia^^e,  Ixihind  the  aitachiBeut  of  the  lateral  crico- 
Qoid  mascle.  The  upper  fibres  are  short  and  alnioat  horizontal ; 
Diddle  are  the  longest  and  run  obli(|uelj;  whilst  the  lower  or 
aal  fibr^  are  nearly  vertical, 

Sm.  The  posterior  crico-aiyteiioid  muaclea  draw  the  outer  angles  of  the 
kold  cakftilageB  baokwardfl  and  inwards,  and  thiid  rotate  the  anterior  or  vocal 
eea  ontmuda*  and  widen  the  rima  glottidi^  They  may  also  draw  the  aiy- 
I  cartila^^e^  apart.  They  come  into  action  during  deep  inspiration^  If 
fsed  the  lips  of  the  g-lottia  approach  the  middle  line,  and  come  in  contact 
each  iniipiratlon,  so  that  serere  dyspnoea  may  be  produced.  Expiratory 
I,  however,  afe  not  impeded,  and  Tocalixation  ia  unaffected. 
tiecir. — In  oonnection  with  the  posterior  crico-arytenoid  muBclCf  may  be 
ooed  an  oocamonal  i^mall  slip  in  contact  with  its  lower  border,  rix.,  the 
thcriooAd  mascle  of  MerkeL  It  i^  a  short  and  eleuder  handle,  arising  from 
iooid  cartila^  near  ita  lower  border,  a  little  behind  the  inferior  comn  of 
lynvid  caitO^ge,  and  pa.«ing  obliquely  outwards  and  upwards  to  be  insertetl 
bst  process.  It  usnally  exists  on  only  one  aide.  Turner  foimd  it  in  eercn 
'  thirty-two  bodies.  It  ia  not  known  to  be  of  any  phyj?iolog^cal  significanoe. 
kL  Anat^  and  Phya.  de«  m^iachl  Stimm-und  Sprach-organs,  Lcipzigi  1857  ; 
r  in  Month.  Hed.  Journal,  Feb.  ISm,} 


e  lateral  crico-aryteaoid  muscle  ffiiT'  ^^*S,f)y  smaller  than  the 
rior,  is  in  a  great  ineivsure  hidden  by  tbe  ala  of  the  tliyroid  em'tilai^e, 
talong  fche  aloping  opiier  border  of  the  crieoid  cartilage,  fTt>\n  wUu^\\ 
les,  its  origin  extending  m  fi^  back  as  the  artictilar  surface  lot  t^ 
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arytenoid  Its  fibres  pass  hackwards  nuH  upwards,  the  ante  ^^ 
ones  Wing  necessarily  tlie  ]ong:est,  m\f\  ai-e  attached  to  tli**  t 
process  of  the  arytenoid  cartilage  and  to  the  adjacent  part  of  jUi 
snrface. 

This  miiBcle  is  covered  intenially  l>y  the  lateral  part  of  th 
tbp'oid  membrane,  and  externally  at  its  anterior  part  by  the  op 
of  the  erico-tbjroid  mnsele.  The  npper  part  is  in  close  coot 
indeed  is  sometimes  blended  with  the  tbyro-arytenoid, 

A^'fum.  These  miisclea^  dmwinjif  the  mnficiilar  ptocesMs  of  Hit  I 
forwat^lji  and  downAvartls*,  rotate  the  vocal  prooesB€9  mwaids,  and  uf^ 
tlie  vocal  coi-ds*.    They  thus*  act  antagonisUcally  to  the  posterior  criofrnii 

If  Jjoth  jx^sterior  and  lateral  crico-arjrtenoids  be  thrown  into  ticlM 
taneouidy,  the  arj-tenoids  will  not  undergo  rotation^  but  will  be  dwt 
-wardfl  and  outwards,  and  tho  glottis  will  tJms  be  widened. 

The  tlLTTO-aryteitoid  muscle  consists  of  two  portions,  ooe  i 
situated  immediately  withiu  the  ala  of  the  thyroid  cartilage,  ( 


Fig.  458.  Fi;*    458. —Sm  tn* 

ULurwx  Aim  utMofS 

SIGHT     ALA    or    W 
CARTILAGB  (S.  6,  &d 

h,  hodj  of  ii5«d  hi 

e,  epiglottis;  lA«  oot  i 
right  aU  of  thrnnd  1 
cr,  front  of  cricoid  cirti 
articular  fkces  lor  tk 
corner  of  the  ihymi  h  ( 
teriorlj  ;  th,ar,  tk,m,  II 
tbyro-arytenoid  (OBtar 
I>assing  frt>m  tlie  tlijnil 
to  tbe  arjteooid  haiwi 
otlierfi  Arisitig  from  tk  fl 
roid  membimQe;  M«llHr( 
able  mass  of  fibrps  »  M 
from  the  ssime  port*,  *tA 
at  fimt  obliciiidy  aad  d 
ncu-lj  TcrtiPHily  tipwrf 
thyro-cpiglottiilcainDttdi 
ih,ar.T*it  smnJl  tbjffMf] 
2A.ar.mV  a  amaU  ctif  «t  I 
mnscic  p&snng  iiik  lb  fa 
cord ;  (T.ar.Hol,  titont^ 
noid  :  rr.ar,p,  ]«iilini 
aryt^naul ;  r.trr.ip,  li|fcl 
epiglottideaii  nisiicW  1 
origin  ;  t.ar.rp,  left 
epiglottideao  wmt  ito  b 
L  ar,  ep',  portioo  oftWiW 
Into  the  comkttltta;/ 
saccule  corcrcd  hj  b«M 

internal  lying  in  close  contact  with  the  Tocal  cord,  Sometiniefitl 
dcseribed  m  tlistinet  mnscles  under  tbe  names  extcnjial  aod  iatcm* 
arytenoid  (Htnle),  but  the  Bejmration  between  them  ha?  g)i-iicrJ 
effected  by  artiiieiul  means.  The  inner  jiortion  of  the  musck  n  tri 
m  section  corre6iX>ndinj[,^  with  the  vocal  fold  ubich  it  ocetipics ;  d 
la  laterally  cH>mpreTaaed  atid  extends  both  aboTo  and  below  til 
portion.    Eadi  cuiiU\\i&  \iotk  iiii\W\^-^^\R:t\vit  vssi^  <4U\^gu>  filget* 
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portioTi. — The  antcro-postorior  fibres  of  the  intcraal  portion 
the  lower  half  of  the  anuric  formed  f>y  tlie  aim  of  the  thyroid 
go^  m  few  even  from  a  nodule  of  hruier  cliustic  tissue  (sometimes 
!M!d  as  fibro-cartilaf^c)  in  the  antennr  part  of  the  roctil  cord  itself; 
iBiiig  backwards  in  a  slight  curve  with  the  coucavity  inwards,  are 
Ikid  behind  to  the  vocal  process  alon^^  its  whole  length  and  to  the 
nt  part  of  the  outer  surface  of  the  arjlcnoid  cavtilaf^e.  They 
dued  intcnmlly  by  short  fiijres  which  are  attached  in  front  to 
*  vA,  and  behind  to  the  vocal  imjccss  of  the  arytenoid  {jmito 
f  Ludwig) ;  and  externally  they  aix?  conti^JT'^^'^is  with  the  antero- 
r  09  of  the  external  portion.  The  obli([ue  fibres  of  the  intenial 
I  from  tijc  sloping  portion  of  the  cricothyroid  mcmlniine  below 

LK^ui  cord  projier  (in  its  anterior  third),  upwards,  outwards,  and 
rliac  backwards,  passinj^  between  the  antero-pnsterior  iibrcs,  and 
lie  ventricle  of  ibjrgagni  to  end  in  the  tissue  of  the  false  vocat  fold* 
U'T  portion  (fig*  45«). — The  fibres  of  the  cxtiraal  portion  arise  in 
from  the  thyroid  cmlilage  close  to  tlie  origin  of  the  internal  por- 
and  from  the  crico-thymid  membrane ;  from  here  they  in  part 
jack  wards  to  be  inserted  into  the  hiteral  border  and  muscular  pro- 
jf  the  arytenoid  cartilage,  in  part  ol*hquely  ninvards  t<jwards  the 
acHepiglottidean  fold ;  some  whicli  are  more  vertical  in  direction 
i*^  in  a  thin  layer  around  the  ventricle  of  Morga^ni  and  the  sac- 
to  end  in  the  false  vocnl  fold.  The  portion  of  this  muscle  which 
|ds  towards  the  epiglottis  is  often  described  as  a  separate  muscle 
r  thfi  name  of  tliyro*epiglottidea]i  (tig.  458,  ik.qf). 

tiom, — ^The  hundlei  ti  the  ilijro-ftr7t«noid  tnusclet  differmgr  ftn  they  do  in 
kJott  Bzid  tD  points  of  attachment,  must  differ  also  in  their  action^  If  sep&- 
f  called  into  plaj.  The  antero-poeterior  fibres  will  tend  to  draw  forwaidB 
lytenoid,  and  with  it  the  posterior  part  of  the  cricoid  cartilagt*.  rotating  the 
r  upwards,  and  antogmiifling  the  notion  of  the  crico-thyroid,  the  effect  being* 
Aax  the  Tocal  cords.  But  if  the  latter  be  kept  stretched  and  approximated 
le  action  of  other  muscle?,  those  fibres  of  the  inner  portion  which  are  in 
I  contact  with  the  vocal  cord  may  serve  to  modify  ita  elasticity  and  consist- 
:  while  the  fibres  which  conatituto  the  portio  ary-vocalii  may  Bcrve*  as 
11%  haa  pointed  out,  to  tighten  the  parts  of  the  cord  in  front  of  their 
toieni,  and  to  slacken  the  parts  behind.  The  vertical  fibrc?s  of  the  muaclo 
ik  ezt^id  from  the  sloping  part  of  the  crjco-thyroid  membrane  across  the 

of  tbe  Tocal  fold,  and  over  the  ventricle  into  the  fako  vocal  conl,  must, 
i  lli^  ooatract,  render  the  free  edge  more  prominent.  Finally,  tho  fibres 
^  are  buerted  into  the  muBcular  process  of  the  arytenoid  will  tend  to  rotato 
rocal  proceffics  inwards,  and  those  which  pass  up  into  the  aryteno-epiglottidean 
I  may  asist  in  depreasixig  the  epiglottis. 

the  tbyic-aiytenoid  mufleles  are  paralysed,  the  lips  of  the  glottis  aro  no 
tr  parallel,  but  are  curved  with  the  concavity  towards  one  another,  and  a 
h  stronger  blast  of  air  is  rcquiieil  for  the  production  of  the  voice. 
atorinj  described  three  thyro-oiytenoid  muscles,  an  infrrior,  a  mitfdle,  and  a 
ri&r.  The  latter  18  not  always  present.  The  inferior  thyro-aiytcnoid  muscle 
■ntofini  comprises  moet  of  the  antero-posterior  bundles ;  the  middle  thyro- 
•noid,  the  oblique  bundles  of  the  external  portion.  The  fibres  of  the  superior 
cuius,  whoi  present,  arise  nearest  to  the  notch  of  the  thyroid  cartilage,  and 
attached  to  the  upper  base  of  the  arytenoid  cartilage  (fig,  4ofcl,  thjir.m,} 
y  nametl  by  Scemmerring  the  snmil  thyto-arytenoid  whilst  the  two  other 
0118  of  the  muscle  constitute  the  ffreat  thyro-aiytenoid  of  that  author. 

leu  the  mucotis  membrane  k  removed  from  the  hack  of  the  arytenoid 
luges,  a  thick  band  of  tramvcrse  fihres  constituting  IUq  aT|t^TXQv3L 
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muscle  18  laid  bare  (fig.  450,  2),  and  on  the  sarfacie  of  this  ine 
Ble!ider  deciissafciiig  oblique  bmidlee  (;^,  4),  foniierlj  des<?rihedis 
of  the  arTteiioid  muscle  (iiryta'nuideiis  obliqoug)^  but  now  more 
considered  as  parts  of  the  arj ten o-epig!otti dean  iiuiscle:?.  with  wl 
are  closely  assoeiatcd  butli  in  the  disposition  of  therr  fibres  am 
acti«>n.     The  arytenoid  muscle  (fig.   45(^  2)  passes  sii«^ 
l>et\veen  the  ai^teiioid  cartilages,  and  its  fibres  are  attached  to  I 
extent  of  the  concave  surface  on  ti)e  back  of  each.     Tbc 
epiglottidean   nuisclea   (fig.  45G,  5  ;    fig.   458^    Lanep)  aril 
the   inferior  and  outer  angles  of  the   arytenoid   cartilages, 
one  with  the  other,  and  their  fibres  are  partly  att^iohed  U)  t 
and  outer  part  of  tbc  opposite  cartikfze,  partly  pa^s  forward 
aryteno-epiglottic  fold,  and  partly  join  the  fibres  of  the  thyro- 
muBcle, 

Aetitm, — ^The  arytenoid  muBoIe  dmwB  the  arytenoid  c&rtilftgps  tB% 
from  tJic  structure  of  the  crioo-arytenoid  joints,  this  approxixmitMai  i 
plete  ij3  neoessarily  acoompamed  vdth  depression.  If  the  ma«cle  is 
the  mtercartiiaginous  part  of  the  glottis  remains  patent,  alHuMigb 


Fig.    :150. 


Fig.  459. — View  or  rai  irm 

IIIOIIT  UALlr  or  THB   L4&m 

1,  TeDtricle  ;  2,  ftuperiaryad 
vocal  cord  ;  4^  arjtenoid  imitil 
Ity  mucoas  membrane  ;  5^  vpm 
cut  across  ;  6,  slope  of  cri<Tf»-tfcs 
branD  leading  up  to  inferior  i 
6',  lower  bonier  of  cricoid  cvti 
sections  of  cricoiJ  ;  9,  tt«  tlpf 
10^  section  of  thyroid;  11,  up] 
larj-nx ;  12,  13»  gland  alar  prui 
ury-epiglottidean  fold;  II,  Itf, 
ir»,  fat  botweeQ  it  and  tlie  I 
tucmbniii6;  17,  section  of  «fi| 
ecctioti  of  lijoid  boii«  ;  19,  2d^ ' 

branotis  lips  can  etill  be  appi 
The  arytm<h-vji'iglo(tid<stm  ml 
approximate  the  arytenoid  * 
which  they  include  in  theil 
and  dmw  down  the  ep%kltl 
contract  the  whole  aap 
of  the  larynx. 

It  is  remarked  by 
mnacles  **  which  lie  in  the 
closed  by  the  lamina;  ol  t) 
cartilage,  and  aboTe  the  €ri 
be  regarded  in  their  totility 
of  sphincter^  eiiich  atf  i«  f od 
Bimplest  form  embimng  tb4 
of  the  laiynx  in  repUlei^'* 


IHE    MO  GOO  3    MEI^RAKE   AND   TKBS^LB  OP    THE   IjAKH 

The  lar_)*ngeal  mucous  memliraue  is  thin  and  of  a  pale  co 
some  Bitnatiorit^  it  adheres  iiitiniately  to  the  subjacent  partly 
on  the  epiglottis^  and  Rtill  more  in  passing  over  the  init 
on  which  it   i^  ^erj   l\\m   oti^  irev^t  ^^j^a^^  ^at^'iaKAit, 


VESSELS   AND   XERVES   OF   THE   LAEYXX, 


m 


kf  tlie  larynx,  above  tlie  glottis,  it  is  extremely  sensitive. 
the  aryt<*no-cpig!ottic  folds,  it  covers  a  qmintity  of  loose 
■r  fcifiBUc^  which  is  liable  in  di&case  to  infiltration,  coiistttutiiig 
M  of  the  glottis.  Like  the  mucous  membrane  in  tlie  rest  of  the 
=*^  -^'^-s,  that  of  the  larynx  is  covered  in  the  givater  part  of  its 
I  a  columnar  ciliated  epithelium,  hy  the  vi brat «jij  action  of 
d  111*-"  niocos  is  urged  iii>wards.  The  cilia  are  found  higher  up  ia 
t^hn**  on  each  side  and  behind,  reaching  in  the  former  direction  as 
•as  the  widest  portion  of  tiie  epiglottis,  and  in  the  other  dircetionB 
te  a  line  or  two  above  the  superior  vociil  cords ;  above  these  points 
epuhclinm  loecs  its  cilin,  and  assumes  a  stratified  squaraons 
P   like   that  of  the  pharynx  and  mouth.     Upju    the   tmc  vocal 


Tig,  ifiO. 


00. PosmiOS  TTCW  OF  THB  KEEVIS 

OF  Tfl«  LA&VSX  ISaI'PEY). 

mptriuT  ImrjngfiaX  nerve  ;  2,  it«  brnTtcli 
.«no>-tbyToid  mu^le  ;  3, 4«  5,  branches 
fkmmoenxM  memlmuie  of  the  tarynx  ]  6, 
Ipte  anitlng  the  left  fiti])crior  anil  in- 
tflttr^ngeaJ  nerres ;  7,  the  same  on  the 
{ iflkle»  cut ;  Sp  8,  inferior  laryngeal 
9;  9,  bmiich  to  tlie  posterior  crico&ry* 
BMoacJes ;  1 0,  branch  to  the  arytenoiij ; 
If^brmnchesiMuisiogto  the  hitcndcrico- 
'  1  mud  the  thjro^arjtenoid  muBcle& 


\m  ako  tlie  epithelium  is  scjna- 
tt,  although  both  al>ove  and 
fW  them  it  is  columnar  and 
lied.  Patches  of  stratified  squa- 
is  epithelium  are  found  also 
^^  here  and  there  in  the  ciliated 
:4  above  the  glottis,  especially  on 
under  surface  of  tfie  epiirhittis, 
'- :    '  surface  of  tlie  arytenoid 

and  at  the  free  b(»rdur  of 

ior  vocal   cord.     13o{liea 

to  all  appcamnce  similar 

^te-buds  presently  to  be 

in  the  mucous  membrane  of  the  tongue  are  found  imbedded  in 
a  stratified  epithelium, 
tlv^  lining  membrane  of  the  larynx  is  provided  with  nnmorous  (fhmis, 

r  te  an  abundant  mufns  ;   and  the  orifices  of  which  may  be 

iz ^-1  everpvhere,  excepting  upon  and  near  ihc  true  vocal  cords. 

<»T  atiound  piu'ticularly  uiK>n  the  epiglottis,  in  the  substance  uf  which 
t  found  upward'^  of  fifty  fcuiall  eomjM)imd  glands,  some  of  them  per- 
ating  the  cartilage.  Between  the  anterior  surface  of  the  epiglottis, 
s  hjoid  bone  and  the  vrnt  of  tlie  tongue,  is  a  mass  of  yellowisli  fat, 
oneoQsly  named  the  epiglottic  gland,  in  or  upon  which  &<3me  small 
nds  may  exist.  Another  collection  of  glands  is  placed  within  th*?  fold 
mucous  membrane  in  front  of  each  arytenoid  cartilage,  fri»m  which 
cries  may  be  traced  forwanls,  along  the  corresponding  suptrior  vocal 
d.     The  glands  of  tiw  larju^fnl  poaches  have  already  been  uot\c«i. 
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Veaaels  and  Nerves  of  the  liftrynx. — The  art^riegoi  the  LuTazi 

from  the  9ui>erior  tiiyroid,  a.  branch  of  the  external  carotid,  and  frantt 
thyroid,  a  branch  of  the  Bubclaviati.  The  ceiH^  join  the  superior,  ad 
inferior  thyroid  veins*  The  hjmphatlc^  are  numerous,  and  pu«  lla 
cervical  glanda.  Their  mode  of  distribution  rGseinblea  that  in  the  %SMi 
nrrt't!.^  are  supplied  from  the  superior  laryngeal  and  inferior  Of 
laryngeal  branches  of  the  pneumogaatrio  nerves*  joined  by 
sympathetic*  The  superior  laryngeal  nervea  supply  the  mncoo^  i 
the  crico- thyroid  muscles^  and  also  in  port  the  arytenoid  mixscleL  11 
laryngeal  nerves  supply,  in  part,  the  arytenoid  muflcle,  and  all  the  oUii 
excepting  the  crioo-thp-oid. 

The  ituperior  and  inferior  laryngeal  nerves  of  each  iide  oonuniixiicaliB 
other  in  two  places,  viz.,  at  tbe  bock  of  the  larynx.  ben€<ath  the  p 
macous  membrane,  and  on  the  aide  of  the  larynx,  under  the  ala  of  U 
cartilage.  Numerous  ganglion-celL^  are  found  on  the  branches,  boHi 
which  entor  the  muscles,  and  also  underneath  the  muoons  membrane, 
are  also  de^ribed  in  the  mucous  membrane  which  ooreta  tbe  Jo 
laryngeal  sni-face  of  the  epiglottic  (Lindemann). 

The  further  details  of  the  distribution  of  the  vesseb  and  nerYei  wiQ 
in  voL  1. 

Becent  literatupo  of  the  larymx,^ZjMe7tZYr,  Dcr  Kehlkopf  dei 
Tiibingen,  1S71  ;  Jficnfy  in  PflOgers  Arcbiv.  VII.,  1871,  and  Wiener  me*!.  W 
1872;  Schech  in  Zeitsclir.  f.  BioL  IX.,  1S73  ;  Cttj/nt  (macous  membraoe)  i 
Micro,  Journal,  1374;  Jlvklcr^  Aden.  Subst.  in  d.  Schleimhaat,  Wieoer  im 
1874  ;  JliiAhminn  (Muskehi}  Wicn.  Sitzangsb.,  LXIX.,  1874  ;  IHt$e,  Beitri| 
Arch,  1  mikr.  Anat.,  XL,  1875  ;  Zicma^en,  Article  **  Diseases  of  respuataiyi 
in  his  Himdbook,  1876  ;  W.  Gmbcr,  in  Virch.  Ar,  h.,  LXVI.,  LXVIL,  1»76 ;  I 
Momoirea,  XXllI.^  1876  ;  and  Arch.  f.  Aunt.,  1875  and  1876  ;  Biidlnntr,  Bw 
in  Monatschr.  1  Ohronheilk.,  1876  ;  Sdwjydd,  in  Jotun.  of  Anat.,  1S7€  (tsi 
epiglottis) ;  Wtinhtrg^  Gestalt  d.  Kthlkopf  in  versch.  Lcbensiiltcm,  Ardbu  1 
mrg.,  21»  1877  j  Diwi«,  Uie  becherf'jrm.  Organc  d.  Kehlk.,  ArvL  f.  Dukr,  Aj 
1877  ;  Motiva,  Dim,  d.  divcRea  parties  d,  Iferres  vocalea^  Bull.  d<s  rsesd. 
1879  ;  O'riilzneff  Article  **Stimn)B  n.  Sprache"  in  Hennann's  Handb.  derPliji 
6'.  G.  Shattockf  m  the  Jonnml  of  Am* to  my,  13S2  (thyro^arytcnoid  muad«)» 


BUCTLE8S    aiiAlOJS    OK    THE    LABYl^X    ATHJ   TEi 

THE    HWTROID    BODY. 

The  thyroid  body  or  gland  (fig,  4^1)  is  a  liigWy  TBBcdo 
consisttug  of  two  lateral  hbes,  imifccd  to<jcthor  towards  their  la 
by  a  transverse  portion  named  the  isihmus.  Yiewedasairl 
convex  on  the  sides  and  in  fi^ont,  forminrr  a  ronnded  projection  i 
trachea  and  larynx.  It  is  covered  by  the  stcrno-hyoid,  stetno 
and  omo-hyoid  iniLscles,  and  behind  them  it  comes  into  contact 
Bheath  of  the  great  vessels  of  the  neck.  Its  deep  6tir5K?e  is 
wliiie  it  rests  agraioBt  the  trachea  and  larynx.  It  usually  citcD 
back  as  to  touch  the  lower  portioa  of  the  pharynx,  and  on  thie 
the  aisophagas  also. 

Each  lobe  extends  from  the  fillih  or  sLxth  ring  of  the  tnidi 
side  of  the  thyroid  cartilage,  of  which  it  covers  the  inferior  o 
part  of  the  ala  near  the  posterior  border. 

The  transverse  part,  or  isthmus  {i}^  commonly  lies  acros  ti 
third,  and  fourth  rings  of  the  trachea,  but  Is  very  inccmatao 
shape,  and  position.  From  the  upper  part  of  the  isthimift^  or 
adjacent  portion  of  cither  lobe,  a  slender  conical  prooesfi,  n 
pf/rmni(f,  ijT  ffiiddh  khe^  oflen  proceeds  upwards  to  tbe  b|  " 
which  its  apex  \a  atlts^dv^^X^^  V>cj&sh  liWoua  tissue. 


STBUCTTJRE. 
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I  ptoceiw  nsnallj  lies  somewhat  to  the  left ;  occasionally  it  is  thicker  above 

r,  or  is  completely  detached,  or  is  split  into  two  parts :  sometimes  it 

I  to  consist  of  fibrous  tissue  only.    In  many  cases  muscular  fasciculi,  most 

iy  derived  from  the  thyro-hyoid  muscle,  but  occasionally  independent, 

,  from  the  hyoid  bone  to  the  thyroid  gland  or  its  pyramidal  process.   They 

wnaathe  lecator  tjlandvlof  thyroidea  (fig.  461,  It).    It  sometimes,  though 

p  hiqjpens  that  the  isthmus  is  altogether  wanting,  the  lateral  lobes  being 

[  by  areolar  or  fibrous  tissue  only  :  this  is  the  natm-al  condition  in 

.  lateral  lobe  measures  about  two  inches  in  length,  an  inch  and  a  quarter 
AlBdth,  and  three-quarters  of  an  inch  in  thickness  at  its  largest  part,  which 
"^       its  middle :  the  right  lobe  is  usually  a  little  longer  and  wider  than  the 

isthmus  measures  nearly  half  an  inch  in  breadth,  and  from  a  quarter  to 

of  an  inch  in  depth. 

ight  of  the  thyroid  body  is  ordinarily  from  one  to  two  ounces.    It  is 

larger  in  females  than  in  males,  and  appears  in  many  of  the  former  to 

a  periodical  increase  about  the  time  of  menstruation.    It  varies  a  good 


-^61. — Sketch  showiho  thr  form  akd  position  ^'2*  ^^^• 

^  ms  THYROID  BODT  (Allen  Thomson).     Ons-half 

|H  VATVaAL  SIZE. 

bi  kiynx  and  surrounding  parts  are  viewed  from 
^M;  on  the  right  side  the  muscles  covering  the 
Md  body  are  retained,  on  the  left  side  they  are 
^«d;  K,  hyoid  bone ;  M,  right  thyro-hyoid  muscle ; 
-_  «BO-hyoid  ;  sh^  stemo-hyoid ;  st,  sterno-thyroid ; 
BB»-tIiyroid  membrane ;  try  trachea ;  a?,  cesophagus; 
m^X  k^  of  the  thyroid  body ;  ^,  tiie  left  lobe ;  i, 
Klhmus ;  //,  the  fibrous  or  muscular  band  termed 
Aor  thyroidee,  which  is  more  rarely  found  in  the 
die  line  or  to  the  right  side,  and  which  existed  in 
«Me  from  which  the  figure  was  taken. 

ft  in  size,  and  occasionally  undergoes  enormous 
Ittgement.  Its  colonr  is  usually  of  a  dusky 
"Wnish  red,  but  sometimes  of  a  yellowish  hue. 

■farneiiire. — The  texture  of  this  organ 

Bm,  and  to  the  naked  eye  appears  coarsely 

miliar.    It  is  invested  by  a  thin  trans- 

tait  layer  of  dense  areolar  tissue,  which 

■necte  it  with  the  adjacent  parts,  and 

merfectly  separates  its  substance  into  small  lobules  of  irregular  form 

a  size. 

When  the  organ  is  cut  into,  a  yellow  glairy  fluid  escapes  from  the  cut 

!lkoe.      Imb^ded  in  its  substance  are  multitudes  of  closed  vesicles 

f  ^^2\  which  are  held  together  in  groups  or  imperfect  lobides  by 

olar  tissue.     The  size  of  the  vesicles  varies  from  -^^th  of  an  inch  to 

t  of  a  millet-seed,  so  as  to  be  visible  to  the  naked  eye.    They  are 

fiiical,  polyhedral,  or  flattened  in  shape.     The  wall  of  each  vesicle 

Biflts  of   a  simple   layer  of  cubical  or  columnar  epithelium-cells. 

XMtUng  to  Baber  there  is  no  basement  membrane. 

The  vesicles  may  contain,  besides  the  characteristic  yellow  glairy  fluid 

loid),  detached  epithelium-cells,  white  blood-corpuscles,  parenchyma- 

9  which  seem  to  have  migrated  into  the  canities,  and  also  according 

Baber  red  hlood-cofpasdes  in  various  stages  of  dismtegratlou  «adi 
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dccolonrization.     From  this  it  is  inferred  that  the  thjrpwd^ 
be  coiiccnit'd  in  produeinn:  retrop^i'eesive  chants  in  the  blooi 

In  the  intcTstitid  eoiiuective  tigsne  of  the  jrhmd  there  c»ccnr4B 
of  cells  simihir  to  tlie  ''  plitsmii-cells  "  of  'VValdi'Vcr  (**  pareiichyii» 
Bal>er),  The  spices  (areoh\?)  *>f  this  tissue  miij  he  filled  with  ih 
colloid  Biibstance  a  a  tluit  which  occupies  the  vesicles.  The  blooi 
niid  lymphatics  are  conducted  to  the  vehicles  in  ilie  inieistit 

Pig.  4^2. 


/' 


i,:^#«%^^i 


f&i 


Pvv 


Fig-.  4<3ii,— SErTJoJt  of  the  thyroiu  glikd  of  a  cbtlo 

Two  complete  vehicles  aiul  portions  of  others  are  rcpresenteri-  The  Te«ckia 
wltli  colloid  which  al»o  occupies  the  interstiital  spaces.  In  the  middle  of  Oil 
splices  a  hlood^vcssel  la  Betu  cut  ohliquely^  anil  do»e  to  it  U  a  plofiiiu-ctlL  BrtI 
€ubic:Ll  cpithi^lium  cells,  BiDaUe]*  cells  like  ljiDplL-con>aaclc»  iure  eeen  Itene  and  ibi 

lyraphatic  vessels  n^t  eomiti^  into  such  intimate  relations  \rith  iIk 
<jf  the  vesicles  as  the  l>loo<l -capillary  network,  the  vessels  of  whicli 
close  contact  with  the  epithelium  and  may  even  project  betwefl 
epithelium-ci'lls^ 

Alt^oDgh  the  ye^icles  arc  n»  a  rule  quite  distinct  from  e&ch  otlier  in  tin 
incompletely  developed  iJortions  maj  here  and  there  be  found  in  which  I 
mosiiig'  cjlmdcrs  of  coIuinDar  cells  occtin 

One  of  the  most  freqneut  patholog'ical  clianges  to  which  the  tZ^rioid  t 
subject  coDslrits  in  the  accumulation  within  its  vesicles  of  coUoid  Aibl 
in  certain  forms  of  goitre  it  distends  them  to  an  enormous  degree. 

In  the  foetus,  and  dining  early  infancy,  this  organ  ia  relatively  Urg«ril 
after-life  ;  its  projKjrtion  to  tlie  weight  of  the  body  in  the  new-bom  into 
that  of  1  to  24(1  or  40<J.  vi'hil?ft  at  the  end  of  three  weeks  it  becomes  only  H 
and  in  the  adult  1  to  1800  (Kranse).  In  advanced  life  the  thyroid  bodlyii 
to  become  indiimted»  and  fre<juently  con  talus  earthy  deposit ;  its  vtM 
attain  a  very  large  bIzc* 

Vessels  and  nerves. — The  arfnh'i^  of  the  thyroid  body  are  the  iopw 
inferior  thyroidjs  of  each  side,  to  which  is  sometimes  added  a,  fifth  wm 
thtfroi(fta  inia.  The  arteries  are  remarkable  for  their  lai^  rel&tiTe  ttie,i 
their  frequent  and  large  ana^tomo^s ;  they  terminate  in  a  ci^pQlaij  I 
upon  the  outside  of  the  ve^^icles.  The  rrinjf^  which  are  also  large,  TiltimiU 
plexuses*  on  the  ^surface,  from  which  a  t^uperion  middle,  and  inferior  thjrt 
are  fonnetl  on  each  side.  The  superior  and  middle  thyroid  veina  op^n  i 
internal  jui^ilar  ;  the  inferior  veius  is;*ue  from  a  plexus  formed  in  hoAt 
trachea,  and  open  into  the  innominate  veins,  llie  iymphatit^M  of  tto 
Jjody  foiTn  uumeroua  M\d  \ti,T^^  wa'ag^m^vii^  \xvn!^^\«:AK  a.t  the  \ 


ind  througliout  it«  fobst&nee ;  the^  originate,  according  to  the  observaHona 
ft  ia  tlie  ooimeodTe  tiseao  wkick  unites  the  glMid-ve*icl(?s,  -w'ltli  the  eayity 
ih  tliej  appear  iiot  to  be  in  communication.  They  contodnf  besides  lymph, 
•ob^taoicef  similar  to  that  found  within  the  vedcles  (Baber). 

are  derived  from  the  middle  and  inferior  cervical  ganglia  of  the 
They  accompany  the   blood* vessels ;  and   have    here  and    there 
L-oells  in  their  course  ;  their  mode  of  ending  is  unloiowii. 

innt  I*it«ra.tuM.— PerwwA-Mo  in  Zeitachr.  t  wiss.  ZooL,  1S67  ;  W.  MSlUr  in 
|kttMrhr.«  1S71  ;    Venon,  Article  in  Strieker's  Handbook.   1S71 ;  Bt!^chat,  TItesi*» 

173;  FointATi  in  J,  tie  I'anat,  1875  ;  Baber  in  PhiL  Trans.,  1S7«>  and  ls$l  . 

'saerL,  Stranbufg,  1877  ;  (on  anatomical  peculiarities  of  the  thyroid)  W.  Gruh*:r 
L  AsmL,  1676  and  in  Yirck.  Aich.  LXVI.,  1876  j   {on  an  acoea&oiy  thyroid) 
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pe  thyi&iis  gland  or  body  is  a  temporary  organ  wliicli  reaches  its 
&ize  at  about  the  end  ijf  the  second  year  of  hfe,  after  which  [KTiod 
i  to  grow,  and  is  gradually  rt^duced  to  a  mere  vestige.     Its  function 
faUy  understood,  although  it  is  probable  tliat  it  is  in  some  way 
cted  \iith  the  elaboration  of  the  blood  in  infancy.    When  examined 
mature  state  in  an  infant  under  two  years  of  age,  it  appears  as  a 
elon^ted  glandular-looking  bully,  situated  partly  in  the  thorax, 
tly  in  the  lower  region  of  the  neck  (fig.  -tGo)  :  below,  it  lies  ia 
rior  mediastinal  spac^^,  close  behind  the  sternum  as  far  down  as 
th  rih-cartilage,  and  in  front  of  the  great  vessels  and  pericardium  ; 
it  extends  upwards  upon  the  trachea  in  the  neck  as  high  as  the 
Fborder  of  the  thyroid,  being  eovired  hy  the  sterno-hyoid  and  stemo- 
~  muscles.     Its  colour  is  greyis?b,  with  a  pinkish  tinge  j  its  con- 
soft  and  pulpy,  and  its  surface  appeal's  distinctly  lobulated.     It 
i  of  two  lateral  lobes^  which  touch  each  other  along  the  middle  line^ 
of  a  neai'ly  symmetrical  long  pyrauridal  form,  though  generally 
il  in  size,  sometimes  the  left,  and  at  other  times  the  right  lobe  being 
_     of  the  two.     An  mtermediatf  hhe  often  exists  iM^tween  tim 
iteral  ones,  and  occasionally  tbe  whole  l>ody  forms  a  single  mitss. 
Dally  tlie  gland  is  in  contact  with  the  pleura,  near  the  internal 
artery,  and  higher  up  (in  the  neck),  with  the  sheath  of  the 
artay.     The  dimensions  of  the  thymus  lary  according  to  its 
of  development.    At   birth  it  measures  rather   more  than   two 
I  in  length,  an  inch  and  a  half  in  width  at  its  lower  part,  and  ahotit 
arter  or  one  third  of  an  inch  in  thickness.    Its  weight  at  that 
is  about  half  an  ounce, 

Ipoberty  the  thymus  is  generally  reduced  to  a  mere  vestige  which  haa  cntirelj 

I  digiual  etmcture.  and  consists  of  bro-wnii^b  tissue  occupj'ing  part  of  the 

laediastinnm.     Occasionally  it  \b  still  found  in  good  condition  at  the 

\  year ;  but  generally  only  traces  of  it  remain  at  that  time,  and  these 

^diacoverable  beyond  the  twenty -fifth  or  thirtieth  year. 

Iractmre.— The  lateral  lobes  of  the  thjiuns  gland  are  each  invested 
Jftdu  capsule  of  areolar  tissue,  which  sends  partitions  into  the  gland 
pen  the  lobules  :  on  its  outer  surface  the  capsule  is  covered  by  a 
of  flattened  celb.  Each  lobe  consists  of  numerous  polyhedral 
ptf,  connected  by  a  more  delicate  intervening  areolar  tissue.  These 
^^  lobules  are  made  up  of  a  number  of  small  nodules^  or  foUicles 
44;  1,  bt  b%  one  to  two  jniJJiiiietrc^  in  diameter,     Eac\i  ioWkie 


J 


Fig.  463.— TttB  THTMDs  nr  a  chtui  of  iix  mofths  (S^pp^yX 

A.  Situatiott,  form  and  rektious  of  the  gland.  1,  right  lolie;  2, 1 '  '  '  '* ' 
furrow  ;  4,  lung,  somewhat  everted  ;  5,  intf^mal  niamiu^^rj  vtin  : 
7,  8,  iaferior  tliyroid  veins,  mesial  and  Intemi  ;  9,  eooixooa  carotid  ;..  .^  . 
jagalar  vein ;  11,  pncamogRstric  nerve.  B.  Kight  lobe  of  the  thrmtn  tdttfr^ 
its  envelope  ;  1,  its  apex  ;  2»  its  Uise  ;  3,  thin  outer  border;  4,  thick  iiatf  ^ 
C.  The  gland  uni-avtiUed^  i^howing  tho  lobules  grouped  around  a  ceDtnl  Mid«i 
<:eiitrQl  conl  or  strand  of  conuective  tissue^  cotincctmg  the  lobules. 

of  both  licaii^i:  filled  witli  Ivmplioid  cells  (tbymiis  corpuscles);  9l^^ 
face  of  the  follide  the  retiform  tissue  is  somewhat  closer,  so  ii»t«W 
species  of  cfipsnJe  for  it.  la  some  animals  these  capsules  compMj** 
tne  follidos,  hut  in  others,  iiicliidinsj  man,  ^veral  follicles  mf  beiB 
towards  the  centre  of  the  lobide,  which  is  then  comniouly  o^  ^| 
sistence  than  tlie  otlier  piiTt&,  uiid  apt  to  break  down  if  Dotperfec*!?' 
so  as  to  give  tlic  decepti\  e  appearance  of  a  central  canty  (stt  f^  *' 
In  the  meduik,  VW  ^l\it^T\a  xass^qjc  \&v:ftfiix^t  yjid  tKe  ]j 
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• ;  but  it  contains  here  and  there  peculiar  corpuscles,  which  present 
^tearance  of  concentric  striation,  and  are  known  as  the  concentric 
mdtjs  of  Hassall.  They  vary  in  size  from  that  of  a  blood-corpuscle 
see  times  that  diameter,  or  more  ;  the  larger  often  contain  smaller 
in  their  interior. 

€h  is  composed  of  an  envelope  of  epithelioid  cells  enclosing  a 
b1  mass,  formed  of  one  or  more  granular  cells.  The  latter  are  also 
1,  unenclosed,  in  the  retiform  tissue  of  the  follicle,  and  occasionally 
a  a  large  size  (giant-cells).  The  concentric  coqiuscles  arc  often 
bed  to  blood-vessels  and  to  each  other  by  bauds  of  fibrous  tissue, 
I  has  been  inferred  by  Afanassiew  that  they  are  merely  portions  of 
|i  which  have  b«Jome  atrophied,  but  according  to  Watney  this  is  not 
'  5 ;  since,  at  the  time  when  they  are  most  abundant,  the  formation 
l-vessels,  and  of  blood-corpuscles  within  them,  is  proceeding  most 
in  the  glands.  Cysts,  lined  with  ciliated  epithelium,  have  been 
1  ty  Watney  in  the  thymus  of  the  dog. 


M.~SSCTI05  or  A  LOBULB  OP  A5  INJECTED 

iUffiLB    THTXU8   GLAXD  (from  KuUiker). 


Fig.  464. 


■fsnle  of  connectiTe  tisme  surronnding  the 
^;  6,  6,  foUides ;  Cy  cleft  in  the  centre  of 
^le,  probably  produced  by  the  shrinking 
4if  the  soft  foUicolar  substance. 

\ 

m  retrogressive  deyelopment  of  the 
I  is  accompaniod  by  an  increase  in  the 
■itial  connectiYe  tireae,  which  aLx) 
iti  the  follicles.  In  this  tissue  plasma- 
peeome  accomnlated,  and  are  eventnallj 
llonned  into  fat-cells,  the  normal  stmc- 
NC  the  thymus  becoming  graduaUy 
ned. 

■■ds  and  Kervas. — ^The  arteries  of 
ftjBnu  are  derived  from  various  sources, 
Brb  the  internal  mammary,  the  inferior 
mfenar  thyroid,  the  subclavian  and 
feU  arteries.  Their  branches  penetrate 
le  foUicles,  where  they  form  a  plexus 
Aaorroonds  the  cortex  and  from  which 
Uaries  converge  towards  the  medulla.    In  some  animals  these  vessels  loop 

•  towards  the  cortex,  but  in  others  they  open  into  an  inner  vascular  circle 
^  lies  just  within  the  boundary  of  the  medulla.  The  reins,  for  the  most  part, 
^to  the  left  innominate  vein. 

ft  ijfmphntirs  are  large.  According  to  the  observations  of  His  on  the  calf, 
^Iper  blood-vessels  passing  to  the  centre  are  each  accompanied  by  two  or 
I^ymphatic  trunks.  These  arise  from  an  interlobular  plexus,  which  again  is 
vuiection  with  vessels  which  surroiind  and  enclose  the  individual  follicles 
■ttt  penetrating  them  (as  in  those  of  the  intestine). 

^  merres  are  very  minute.  Haller  thought  that  they  were  partly  derived 
Uie  phrenic  nerves,  but  according  to  Cooper,  no  filaments  from  these  nerves 
to  the  gland,  although  they  reach  the  investing  capsule,  as  does  also  a 
^  from  the  descendens  noni.  SmaU  filaments,  derived  from  the  pneumo- 
^  and  sympathetic  nerves,  descend,  on  the  thyroid  body,  to  the  upper  part 

*  thymus.  Sympathetic  nerves  also  reach  the  gland  along  its  various  arteries. 
"  the  literature  of  the  thjrmus.  as  well  as  many  details  of  its  comparative 
^ue,  the  reader  is  referred  to  a  paper  by  Dr.  H.  Watney  in  the  Phil.  Trans. 
^92. 


THE  Morra:- 


ORGANS    OF    DIGESTION. 


The  difjrsiwp  ajjpmnlm  consisiss  of  the  alimentary  cumil 
with  \uriims  j^Inink  of  ivhicli  it  R^t*cive8  tlju  secretions. 

The  nUineiitarj  canal  aumiieiicea  at  the  m<mth  and  tenuluat 
anus.  Its  avemjje  length  is  about  thirty  feet, — about  l2\x*  or 
the  leng'th  of  the  Ijody. 

The  |iart  iti  the  head  and  thomx  consists  of  the  m&ulh^  with 
and  Mtiiran/  f/himl'i^  the  phartpjx^  and  the  irmpintijuf  or  gal 
part  con  tain  tii  in  the  abdomen  and  pelvis  consists  of  the#^fli 
the  small  ant!  lartjp  ififcsiim\  Nnincrnus  small  glands  are  si 
the  mutoiis  membrane  of  the  alimcutarj  canal,  and  the 
larger  gluuils,  the  salwari/  glands,  ]}ancreas  and  liver^  open  f-n 
Burface, 

THB   MOUTH. 

The  moath  is  1>onnded  by  the  lijss,  ehceksi^,  tongue,  and  the 
soft-  palate,  and  c<kmmuuicates  behind  with   the  pharynx  tlir 
James  (istbmns  faneinin).    It  is  lined  throu*,^hf>nt  by  muconsj 
and  into  it  open  the  ducts  of  the  salivary  glands. 

Thi^  lips  and  rhevks  are  comixis^'d  externally  of  skin,  and  vMi 
mucous  mcmbnine,  between  which  arc  inelnded  ninscle«,  v« 
nerTCS  fully  described  in  other  ]>urts  of  this  work,  areolar  tissue 
nnmerous  small  glands.  The  free  border  of  the  lips  is  ptx4ct 
drj  mucous  membrane,  which  becomes  continnous  with  the 
covei*ed  with   ntuuerous  minute  vabcular    papQte   (fig.  4C5J 


^406. 


Pig.    465. — ThRKK     PIPTLT.^     FROM     THU      Ltf, 
BLOUD-VKSSEL9    I5JECTKI*     (TolJlK 

hifrbly  sensitive.  In  g<:>me  of  these  popii 
eud-bull*s,  a]t]*roachiug  in  character  1 
corpuscles,  are  foond*  On  the  inner  i 
each  lip,  the  raucous  membrane  forms 
the  middle  line,  connecting  the  lip 
gums.  These  are  i\w  fntna  oryhn 
of  tile  iipiier  lip  is  the  larger,  ^ 


NamerotiB  tminll  racemose  glimcU  {Uhk 

open  on  the  inner  surface  of  the  lips  nei 

fil>erture.     They  are    situate   betwc*en  ^ 

membrane  anti  the  orbicularis  oris  mtificlefi 

Other  t^mali  g-lnnds  {bunai  Qlanti*)  lie  bd 

buccinator  muscle  and  the  muooas  tnetalm 

che^k.    Two  ur  three,  larger  thui  tlie  ivrt. 

tweeu  the  ma^^efcer  and  buccinatt>r  moicleBi 

ing  hj  cteparate  ductb  near  the  Ia«i  looUf 

called  the  mahn'  inland*.    The  secretion  of  these  glands  is  nndtTvtood  I* 

whether  it  hiw  any  of  the  siiH.'cific  propertie*  of  saliva  i&  not  know 

aebftctoua  glands  occur  on  the  outer  part  of  the  red  border  of  tlielipi. 

Immediately  within  the  lips  and  cheeks  arc  the  iJmMar 
ing  of  the  teeth,  gnms,  and  alveohu*  borders  of  the  maxillflp. 
(gingiva*)  are   composed    of   dense   connective    tis&tto, 
closely  with  tbe  pmo%l^\\m  ol  \X\sl  ^x^\wl  ^c^cenok  tii 
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id  highly  vascular  mncons  membrane,  which  is  smooth  in  its 

1  gorface,  bnt  is  beset  with  fine  papillse  in  the  immediate  vicinity 

teeth. 

I  mncons  membrane  of  the  month  is  lined  by  scaly  stratified  epi- 

1I9  containing  in  the  deeper  layers  numerous  cells  marked  with 

and  spines,  like  those  described  in  the  epidermis. 

'I'  H  hi    TEETH. 

he  human  subject,  as  in  mammalia  generally,  two  sets  of  teeth 
their  appearance  in  the  course  of  life,  of  which  the  first  compre- 
the  temporary  or  milk  teeth,  whilst  the  second  is  the  permanent 
The  temporary  teeth  are  twenty  in  number,  ten  in  each  jaw, 
le  permanent  set  consists  of  thirty-two,  sixteen  above  and  sixteen 

QSNZIlAIi   OHARAOnSRS   OF   THB   TEIBTH. 

ooth  consists  of  three  portions,  viz.,  one  which  projects  above  the 
mod  is  named  the  body  or  crown^  another  fixed  in  the  alveolus  or 
iy  the  root,  consisting  of  v^fang  ov  fangs — and  a  third,  intermediate 
en  the  other  two,  and,  from  being  more  or  less  constricted,  named 
wtk  (fig.  466).  The  size  and  form  of  each  of  these  parts  vary  in 
iffisrent  kinds  of  teeth. 

)  roots  of  the  teeth  arc  accurately  fitted  to  the  alveoli  of  the  jaws, 
ddi  they  are  implanted.  Each  alveolus  is  lined  by  periosteum 
il  periosteum,  fig.  466,  4),  which  also  invests  the  contained  tooth 
^  as  the  neck,  and  is  blended  above  with  the  dense  tissue  of  the 
The  fengs  of  all  the  teeth  taper  fix)m  the  cervix  to  the  point, 
his  form,  together  with  the  accurate  adjustment  to  the  alveolus, 
lie  effect  of  distributing  the  pressure  during  use  over  the  whole 
b,  and  of  preventing  it  from  unduly  bearing  on  the  point  of  the 
through  which  the  blood-vessels  and  nerves  enter. 
t  thirty-two  permanent  teeth  consist  of  four  incisors,  two  canines, 
tncnspids,  and  six  molars  in  each  jaw.  The  twenty  temporary 
aie  four  incisors,  two  canines,  and  four  molars  above  and  below. 
I  are  no  bicuspids  among  the  temporary  teeth,  the  eight  deciduous 
«  preceding  eight  bicuspids  of  the  permanent  set.  The  relative 
on  and  arrangement  of  the  different  kinds  of  teeth  in  the  jaws  may 
pressed  by  the  following  formula,  which  also  exhibits  the  relation 
sen  the  two  sets  in  these  respects  : — 

MO.      OA.       1>'.      CA.      Ma 

i  Upper  2      14      12         =10 

^amponuy  teeth  .    .    .<   =20 

(Lower  2      14      12         =10 

MO.       BI.       CA.       IN.      CA.       BI.      MO. 

L  Upper      3      2      14       12      3  =  16 

^nnaneiit teeth  .    .    .<   =32 

(Lower     3      2      14      12      3  =  16 

B  PERJLiNENT  Teeth.— The  incisors  (fig.  467),  eight  in  number, 
he  four  firont  teeth  in  each  jaw,  and  are  so  named  from  being 
Tbi.  for  cutting  or  dividing  the  food.  Their  crowns  are  chisel- 
d  (c)>  and  have  a  sharp  horizontal  cutting  edge,  which  by  con- 
1  nse  is  bevelled  off  behind  in  the  upper  teeth,  but  in  the  lower  ones 
m  down  in  firont,  where  it  comes  into  contact  with  the  over-lapping 
of  the  upper  teeth.    Before  being  subjected  to  wear,  the  toraoii^a^ 


Fig.   466.— VfiT 

OF    PUSXOLll 

Cj  ii  pbeed  a 
carity,  oppQMtt ' 
neck  of  ibe  tcHi 
aboTe  is  tbe  crow 
is  the  rmt  (fmsj 
with  ndtaJ  m 
markings ;  ^  ^ 
tubules  and  i 
3,  cement  or  > 
with 
dental 
of  lover  jaw. 


long,  single,  c 

c3ompre 

where 

though 

a     sUgbt     k 

furrow  (as  in 

The  lower  i 
are  pUoed  recfe 
jaw,  but  the  oo 
upper  teeth  i 
obHquely  fan 
upper  tnctsors 
whole,  larger  th 
onea.  Of  those  i 
jaw  the  centcal 
the  laxi^er ;  bcl  i 
jaw.  the  cestr 
are  the 
indeed,  tlie  ml 
the  incbor  teeUi 

The 

number,  are  pi 
on  each  side,  s 

below,  next  to  the  latcml  incisors,  Thej  are  larger  and 
than  the  iucisor  teeth.  Tlic  rrotm  is  thick  and  cxmical,  M 
front  and  Jiollowcd  behind,  and  may  lie  ccnu pared  to  th 
large  inciaor  toutli  the  angh^a  of  which  have  been  remuTi?( 
to  leave  a  sinf^le  central  point  or  rus/i,  whence  the  name  ' 
applied  to  these  teeth.  The  point  always  liecomes  worn  i 
use.  The  fanff  of  the  canine  teeth  is  siiitrle,  conical,  aiid  con 
at  the  sides  :  it  is  lons^er  than  the  fanga  of  any  of  the  otk'f  <» 
is  BO  thick  as  to  cause  a  prominence  of  the  alveolar  arch  :  on  the 
is  marked  hy  a  groove,  an  iiidicntion,  as  it  were,  oi 
Biou  which  a\)\>ciiva  m  l\iG  U^^\v  w'^^N-  VsdvmtL 
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owing  to  its  late  appearance  through  the  gam,  is  called  the  i 
tooth.  The  crowns  of  the  molar  teeth  arc  low  and  caboid  in  thdr 
form.  Their  outer  and  inner  surfaces  are  convex,  but  the  en 
rather  flattened  before  and  behind.  The  grinding  surface  il 
square  in  the  lower  teeth,  and  rhomboidal  in  the  upper,  the  oom 
rounded  off;  it  bears  four  or  Ave  trihedral  tubules  or  cuspti 
the  name  muUicuspidaii),  separated  from  each  other  by  a  en 
pression. 

Fig.  469.  Fig.  470. 


Fig.  469. — ^FlRST  BIOUflPID  tooth  of  THK  VPPKR  A51>  lowbr  jaw% 

a,  front  view ;  6,  lateral  view,  showing  the  lateral  groove  of  the  &iig.  aaJ 
(loncy  in  the  upper  to  division. 

Fig.  470.— First  molar  tooth  of  the  uppkr  awd  lower  jawv 
They  are  viewed  from  the  outer  aspect. 

The  bicuspid  and  the  molar  teeth,  from    the  breadth   and 
character  of  their  masticating  surface,  are  fitted  for  bmisinsr.  ci 
and  giinding  the  food. 

The  faugn  of  the  molar  teeth  are  multiple.  The  upper  molm  havf  U 
8itaated  at  the  angles  of  the  masticating'  surface  :  of  the^e  the  anterior 
cusp  is  the  largest,  and  is  frequently  connected  with  the  posterior  extoi 
hy  a  low  oblique  ridge.  In  the  upper  wisdom-teeth,  the  two  intenal  fl 
usually  blended.  The  crou-ns  of  Uie  lower  molars,  which  are  lanrer  tfci 
of  the  upper,  have  five  cusps,  the  additional  one  being  placed  betireai  i 
posterior  ones,  and  rather  to  the  outer  side :  this  is  especially  eridnt 
lower  wisdom-teeth,  in  which,  however,  the  crown  is  smaller  and  looadi 
in  the  others.  In  the  two  anterior  molars  of  the  vpprr  jaw.  the  ttngt » 
in  number,  viz.,  two  placed  externally,  which  arc  short,  divergent  tad  d 
towards  the  antrum  of  the  superior  maxilla :  and  a  thinl  or  internal  &Bf> 
u<  larger  and  longer,  and  is  directe<l  towards  the  palate,  its  portffior 
extending  as  far  buck  as  that  of  the  posterior  external  fang.  This  Ouri  t 
often  slightly  groovefl,  es|xx;ially  when  the  two  internal  cusps  of  the  «•■ 
very  distinct,  and  sometimes  it  is  divided  into  two  smaller  fani!'-  ^ 
anterior  molars  of  the  Jotrrr  jaw  have  each  two  broad,  oompcvnw]  t^ 
anterior,  the  other  posterior,  which  are  grooved  on  the  faces  that  aiff  * 
towards  each  other,  as  if  each  consisted  of  two  fangs  fused  tofelte':  tkiy 
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Bftfekm  or  corre  backwards  in  the  jaw,  and  are  slightly  divergent,  bat 
m  pumllel,  or  eren  nearly  in  contact  with  each  other ;  more  rarely  one 
if  them  IB  divided  into  two  gmaller  fangs.  In  the  wisdom-teeth  of  both 
I  fangs  are  often  collected  into  a  single  irr^^lar  conical  mass,  which  ia 
BBoled  backwards  in  the  sabstance  of  the  jaw,  or  curved  irregularly  ;  this 
m  fang  sometimes  shows  traces  of  subdivision,  and  there  are  occasionally 
!■  In  the  lower  tooth  and  three  in  the  upper. 

nge  of  teeth  in  each  jaw  forms  a  nearly  uniform  curve,  which  is  not  broken 
iterral,  as  is  the  case  in  many  mammalfl,  and  even  in  some  of  the  Quad- 
Hie  upper  dental  arch  is  rather  wider  than  the  lower  one,  so  that 
ti  of  the  upper  jaw  slightly  overhang  those  of  the  lower.  WhUe  there 
ht  diminution  in  the  height  of  the  crowns  of  the  teeth  from  the  incisors 
da  to  the  wisdom-teeth,  there  is  in  man  no  abrupt  change  of  level  along 
pe.  In  couiieriuence  of  the  large  proportionate  breadth  of  the  upper 
nctsors,  the  other  teeth  of  the  upper  jaw  are  thrown  somewhat  outwards, 
in  doeure  of  the  jaws  the  canines  and  bicuspids  come  into  contact  partly 
I  ooxresponding  lower  teeth,  and  partly  with  those  next  following ;  and 
lae  of  the  molars,  each  cusp  of  the  upper  lies  behind  the  corresponding 
the  kywer  teeth.  Since,  however,  the  upper  molars  and  especially  the 
teeth  are  smaller  than  those  below,  the  dental  ranges  terminate  behind 
b  the  same  point  in  both  jaws. 

IlLK-TEETU  (fig.  471 ). — The  temporary  inciaor  and  canine  teeth  resemble 
'  the  permanent  set  in  their  general  form ;  but  they  are  of  smaller 
ms.    The  temporary  molar  teeth  present  some  peculiarities.    The  hinder 


Pig.  471. 


f  ff 


471. — Milk  tkith  of  thi  right  bids  of  thb  uppkr  ahd  lower  jaws. 
a,  the  incisors ;  6,  the  canines  ;  c,  the  molar  teeth. 

two  is  much  the  larger ;  it  is  the  largest  of  all  the  milk-teeth,  and  is 
ren  than  the  second  permanent  bicuspid,  which  it  afterwards  gives  place 
»  fint  upper  milk  molar  has  only  three  cusps,  two  external  and  one 
;  the  second  has  four.  The  first  lower  temporary  molar  has  four  cui^pe, 
•eoond  five,  of  which  in  the  latter  case  three  are  external.  The  fan^t  of 
^anry  molars  resemble  those  of  the  permanent  set,  but  they  are  mailer, 
more  divergent  from  the  neck  of  the  tooth. 

8TBUOTX7BX   OF   THS    TEXTSL 

naking  a  section*  of  a  tooth,  it  is  found  to  be  hollow  within  (fig. 
The  form  of  the  cavity  bears  a  general  resemblence  to  that  of 
th  itself;  it  occupies  the  interior  of  the  crown,  and  extends  along 
ng,  at  the  point  of  which  it  opens  by  a  small  orifice.  Ii^  tbe 
teeth  the  cavity  is  prolonged  above  into  two  fine  canals,  which 
I  one  to  each  corner  of  the  crown  ;  in  the  bicuspid  and  molar  teeth 
a  short  distance  into  each  cusp.  In  the  case  of  a  root  tcflrmfiCL 
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by  the  blendinsr  of  two  or  more  fangs,  each  dirision  has  i^i 
priiltjnt^c'il  tn  its  ii|M?x. 

Fnlp  of  the  teeth.. — The  central  carity  of  a  tooth  is  calkdt 
cariifj,  Iteciiuse  it  is  occupied  hj  a  eoft,  highly  vascular,  aiul  < 
Bubstunec,  culled  the  denial  piifp.  This  palp  consists  of  j 
ciUHiccttve  tissue  containinnj  cella,  blooti- vessels  and  ner\'es,aDdt 
fibres.  The  celk  are  partly  disseminated  hi  the  matrix,  and  pti 
a  stratum  at  the  Bnrface  of  the  pulp,  where  they  are  eloogito 
what  like  the  cells  nf  columnar  epithelium  (see  fig.  484^  c^  p.  ^ 
snixrficial  cells  (odoHioblaMs)  send  processes  into  tubules  in  the 
to  be  afterwards  noticed,  of  which  more  than  one  may  come  1 
same  oel! .  The  filaments  wi thin  the  tubules  were  first  noticed  br  J 
The  arteries  and  ner\'es,  which  are  derived  from  the  mternal  t 
and  fifth  pair  respectively,  enter  by  the  ai^erture  at  the  poiat 
fang.      The  veBsels    fonn    a  capillary  network    beneath    Ux 

Fig.  472.  Fig*  472.— Seotios  or  am  tMcaui  i 

A         A    ill  ^^^^^  ^^^^^ '  ^^^  nerves,  as  dm 

B         vV'/  •'•  non-medullated  fibres  which  i 

^H         )  Mb^  ,         -   --  tributed  abundantly  at  the  sn 

^H         '  ^^^^ '  the  pulp  and    run   up    betn 

^1^        ^  ^^^  superficial  eelb.     Some  appeu 

the  direction    of    thoee  eell-i 
which  enter  the  hard  tissae^l 
have  not  with  certainty  been  traced  into  the  dentinal  tnbnlea. 

According:  to  Klein  it  is  not  the  odontoblostft  but  other  more  deeply  \ 
whioh  send  prooeesefi  into  the  tubules  of  the  di^utine.  To  this  it  nmj  be  i 
that  in  the  deTeloping  tcoth  it  is  not  difficult  to  trace  the  filamentft  into 
toblasta  themnclres. 

H&rd  tissnea  of  the  teeth.— The  hard  part  of  a  tooth  it  o 

of  three  distinct  substances, — viz.,  the  proper  dental  8ab$£aiM 
or  (imhm\  the  enamel  and  r.hc  cftmni  or  crmta  j)€iros(L  The 
constitutes  hy  far  the  larger  jwrtion  ;  the  enamel  is  found  oi 
the  ex-posed  part  or  crown  j  and  the  cement  covers  with  a  thin  1 
surfari!  of  the  fang. 

The  dentine  (Owen,)  resembles  hone  in  ita  general  aq 
chemical  constitution^  but  is  not  identical  with  it  in  gtmctiue. 

The  dentine  of  human  teeth  is  conipoaod  of  28  parta  per  cenk  of  ani 
72  of  euthj  matter.    The  former  is  reaolved  into  g^Jatin  bj  boilings 
position  of  the  latter,  according  to  Bibm,  is  o»  follows,  Tix.,  phoqplui 
(ifi'Z  per  cent.,  carbonate  of  lime  3'9,  phosphate  of  magiie8i&  and  oOitf 
cludiDg-  a  trace  of  Euoride  of  cakiumt  I'^.  Berzelioii  foond  5*3  carbaoal 

The  dentiue  is  penetrated  tlu-ongrhont  by  fine  tnbes^  whii 
nearly  paralleh  g-ive  it  a  striated  aspect  (fi^.  40*>).  When  a  thii 
is  viewed  under  the  microscope  by  transmitted  light,  the  «^ilid  si 
or  matrix,  is  traiiHparent  and  apparently  homogeneoos,  wiiile  tJ 
being  (in  a  dried  specimen )  filled  with  air,  are  dark  :  but  when  I 
reflected  li^^ht  on  a  dark  ground,  the  latter  appear  white; 
respects  they  resemble  lacunse  and  can  alien  I  i  of  bone. 

The  (tentmal  lubuks  qj^tv  ^  \>2^^vt  m^^fex  ^-ckda  into  the  pal 
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minal  branchea  of  tiibale»  are  oocftrionally  seen  to  paes  cm  into  tlia  ( 
ooTers  the  fang,  and  to  commuiiicate  with  canalicnli  ptoocisdiaf 
oh&racteristio  lacunar  found  in  that  o^seoiL^  layer,  TnbolM  have  likl 
obeerved  by  Tomes  jmamng  into  the  enamel  in  the  tee^  of  majsn^ud 

and  in  a  leas  marked  degi-ea,  in  hnman  teeth. 


Fig.  474. 


Fig.  471.— Sicnons  of  othtimu*  Ttmrus  (after  ii 
a,  cut  ftcrow  ;  b,  cot  obliquely.      (Abovi  800  4 


The  inMifthflar  mhsimicf,  is  tnuidiioco 
animal  iiintkT  whicfi  remains,  after  tlie  « 
been  rtnnovcHl  by  an  acid,  mar  bo  torn  iotei 
(Bharjx^),  x^^™ftt.4  with  the  infcenial  sorflMX 
pulp-t'iuity,  and  thenfure  across  the  directk 
tiiljules.  According  t^j  Eboer  the  matrix  colli 
fitirils  like  those  of  the  matrix  t>f  bone* 


Tho  laminated  stnictare  is  an  indication  of  the  depcwition  of  \ 
in  successiye  strata  in  the  process  of  formation  of  the  tooth — the  livd 
sponding'  with  the  shape  of  the  pulp^anrface  at  rocoettsiTe  atigw  of  til 
Not  nnfreqiiently  Hues,  Tazying  in  nnmber  and  breadth,  are  leen  in  « 
the  dry  tooth,  con  forming  in  direction  with  the  lamination  jiuit  updca 


Kg.  475. 


Pig.  475. — VEanc^L  sicnoyofi 

PART  OF  AH  iHCUOa  ' 

MAOjiirisD  7  nLutanaa. 

a,  tbe  plllp-cjkvity  ;  h^ 

incretu^ntal  lines  ;    d,    a 

witb  bands  iDilimiing  tJia  • 
taaget  of  fibres;   /, 


Fig.  iTl* 


/  Fig.  47rt.— A  SMALL 

Tijiu  W1TB  trrBiiiLo«ffL4a  wm 
Kolliktir).     ^50  i>iainma& 

c,  porti^Mi  of  tacyoww^  fail 
J  tbo  inieiigiobiilar  ipaoa^  vkioli  mm  1 

'^  opbytli6ttaisfl|«i«itli    "    •»  -•- 

"  b       ^^  lag  iIm  ipectmeiL 

mmM  lincji,  Salter,  hg,  475,  r).    They  are  cauaed  by  the  diyisf  of  | 
oifled  dentine,  wbii'b  ebowti  little  cavitiee  bounded  by,  and 
their  flg^tre  from,  mmute  nodules  or  globules  of  dentine^  a 
glitbulur  upaccM  «,%.  17G,  c).     The  inteziplobtUar  quoea^ 
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liem,  Ytaj  in  size  within  wide  limits.  A  layer,  in  which  they  are  very 
arlar  layrr  (fig.  473,  2) — is  not  nncommonly  found  towards  the  outer 
the  dentine. 


is  that  hard  white  covering  which  encrusts  and  protects 
Bed  portion  or  crown  of  a  tooth.  It  is  the  hardest  of  all  the 
ssnesy  but  is  gradually  worn  down  by  protracted  use.  It  is 
on  the  grinding  surface  and  cutting  edge  of  the  teeth,  and  be- 
adoally  thinner  towards  the  neck,  where  it  ceases. 

n^  to  Bibra.  it  contains  of  earthy  constituents  !)(>'.*>  per  cent.,  viz., 
I  of  lime  with  traces  of  fluoride  of  calcium  89*8.  carbonate  of  lime  4 '4, 
I  of  magnesia  and  other  salts  l.'t.  and  of  animal  matter  only  3*5  per 
nelins.  however,  gives  the  proportion  of  carbonate  of  lime  as  8,  and 
matter  as  only  2  per  cent. 


-Tmv  sicno5  op  the  enambl  and  a  part 
]>UTIXB  (from  Kolliker).     350  diameters. 

liar  pellicle  of  the  enamel ;  h^  eoamel-fibres  or 
ith  fijBures  between  them  and  cross  striie  ;  c, 
he  enamel  communicating  with  the  extremities 
the  tubuli  (</;. 

aamel  is  made  up  entirely  of  very  hard 
se  microscopic  columns  or  prisms,  ar- 
losely  together,  side  by  side,  and  set  by 
imity  ui)on  the  subjacent  surface  of  the 
[fig.  477).  The  columns  are  disposed  in 
rhich,  on  the  grinding  surface,  are  set 
f,  but  on  the  sides  of  the  crown  get 
risontal.  Near  the  dentine  the  prisms 
i  another  in  the  alternate  ranges,  but 
parallel  as  they  approach  the  surface  of 
a ;  from  this  intercrossing  the  effect 
alternate  light  and  dark  stripes  is  ob- 
is in  figs.  4G<>  and  470).  A  series  of  Con- 
ines is  likewise  to  be  seen  crossing  the 
ibres :  these  are  termed  coloured  lines 
eir  brown  appearance,  but  whether 
\j  pi^entary  deposit  or  otherwise  is 
ained.  Minute  fissures  not  unfreguently 
the  deep  part  of  the  enamel,  which  run 
dusters  of  the  prisms  down  to  the  sur- 
bhe  dentine  (fig.  477,  c)  ;  and  other  much  larger  and  more 
fissures  are  often  observed  leading  down  from  the  depressions 
oes  between  the  cusps  of  the  molar  and  premolar  teeth.  The 
surface  of  the  enamel  is  finely  striated. 

mMmel-columus  (fig.  478)  have  the  form  of  solid  six-sided  prisms, 
iameter  is  ordinarily  alwut  -oi/ooth  of  an  inch.  They  are 
by  alternate  dark  and  light  transverse  shadings,  which  arc 
to  be  due  to  the  existence  of  shallow  constrictions  along  the 
Tbe  inner  ends  of  the  prisms  are  implanted  in  minute  hexagonal 
knsfonnd  on  the  surface  of  the  dentine  ;  whilst  the  outer  ends 
and  present,  when  examined  with  a  high  magnifying  power,  a 
i  aiq)earance  (Sg.  478,  b).    The  prisms  are  united  by  a  fsccksSi 
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anionnt  of  a  Bnbstance  which  appears  similar  to  the  in  tercel 
of  an  epithelinm,  but  is  probably  calnificcL     In    the  out4!ri 
enamel  there  are  some  shorter  prisms  inter|K»lated  between  tht^ 

When  Bubmititod  to  the  action  of  dilute  ncidfl,  the  enamel  is 
dlj»K>lve(l,  and  leavoa  scarcely  any  discernible  trace*  of  anim&l 
centre  of  the   prisms  is   first   dJjaolTed,  shomng   thi«   part    to   \m 
calcified  than  the  |M?rgphcry.     By  the  action  of  an  acid,  the 
forraefl  or  still  grovviii;*  teeth   may  be  broken  up»  and  Ita 
more  enaily  dL^tingiiisibnl. 

rig.  478. 
A 


F%.  478.^EKAM«L-p]it5vs  (frt^m  Kutliker?.     350  DUi 

AfiEftPMBiiiBd^iigle  pnlumiLR  of  the  etuunelTtMiUtisl  hj  the  action  of  li; 
B,  smfsice  dt  a  small  fnt^icnt  of  etuunet,  showing  the  hcxagooal  eada  ol  I 

It  is  further  found,  on  treatment  with  acid,  that  a  Yety  thin  mc 
eutieif)  entirely  covern  the  enamel  of  nnwom  teeth  upon  it*  oqI 
477,  it).    Th\^  membrane  forma  a  protective  eoyering^  to  the  cnam 
epithelial  and  homy  nature,  and  withstands  prolonged  hoiUng  m  ^ 
action  of  acirk  and  other  re-agents.     According^  to  Tomes,  thii, 
rather  of  the  nature  of  cements  but  without  lacunie.     On  thi»  i 
erer,  it  La  difficult  to  imdergtand  the  meaning  of  the  epithelial 
are  xnroduoed  in  It  after  the  action  of  nitrate  of  tilrer. 

The  €ni0ts  petrosa  or  cemeiit  is  the  thin!  snbttiixfl 
entei^  into  thi^  fonnariiin  of  tho  treth.  This  \n  n  layer  of  tiw 
filic^'htly  raotiitied  in  8triif'tuR\  ami  investing:  that  ynirt  of  the  i 
which  18  not  protected  by  tbc  enamel  It  eorere  the  wbofc  Ij 
towards  the  lower  end  of 'which  it  liecomes  gradually  t]iidctr«  id! 
8|iecially  develoinul  at  the  apex^  and  along  the  gT04>vt'»  «f  tbc  oomjii 
fangs.  Aft  fife  advances,  the  cc^ment  generally  gn^ws  thicker,  «ij»^ 
near  the  |K>int  of  the  fang,  where  it  liometimea  blocks  op  itii  id 
leivling  to  the  piilp-eavity. 

The  cnmix  pctrofwi  is  laoiellar  in  gtriicture,  and  oontaina  bmiBi 
canaliculi  riHembhng  tliose  of  bc»ne  but  larger  and  more  imfj'H^ 
473,  1).  Where  the  cement  is  very  thick  it  may  eontAtn  Hiio 
canals.  Oti  the  milk  tcM^th  the  cement  is  thinner,  and  omtmm  k 
cells.  Perfomting  and  dix^usgating  tibree,  i^imiliir  to  thfomisi^^ 
bone,  occur  in  the  cement. 


ifc«  deeper  poition,  oriextended  by  fortlier  growth,  into  as  raanj  i  _ 
tiotiB  of  c^Jlfl.  or  special  enamel- g'enns.-- one  for  each  tooth— of  t^ 
shape,  csonneottxl  by  a  narrowiMl  neck  with  what  remains  of  the  oomiBti 
ingrowth  (fig,  48(>»  /"),  These  tootli-germs.  tm  they  may  now  be  ( 
Icwlged  each  in  its  own  recess,  which  at  this  time  is  merelj  a  pii  t 
embrjonic  ti«*iie,  without  the  membraBOos  coats  which  afterwards  ii 
From  the  bottom  a  papilla  (fig.  48 1*  p)  meanwhile  rises,  soon  bm 
ciilar,  and  a^uming  the  shape  of  the  future  tooth-crown.  It  is  feed 
corresponding  dimple  of  the  onamel-germ,  which  now  comes  to  l 
an  inverted  cup,  and  fits  upon  the  papilla  (fig,  lb  I,  A,/"'). 


Fig.  481.— SBCTioNa  at  Litsa  atjwiss  than  fig.  480  the  papilla  UAnso i 

ANn    iJiOBMTKD    THE    IlTAJIEL-aERlt,     WUtCU     HAS    At    THE    SAUB    rUU 

EOOif  b  IT,     (from  Kiilliker), 

r,  ppilheliiim  of  gum,  sketched  in  outJine,/,  neck  of  cnarael-gcim,/',  i         

deeper  coluraDar  cells  ;  e\  projections  iuto  the  con  am  ;  p,  papilla  ;  *,  dcalilli 
In  B,  the  enomel-germ./^a  of  the  corresponding  jjcrmxiucnt  toolh  haa  hecoow  fad 


The  included  enamel-germ  is  next  out  oE  from  connection  with  tJie 
epithelium »  by  obliteration  of  the  neck  of  commonication. 

Aocording  to  Goodsir  the  order  in  which  the  papillae  become  distinct  if  ^  _ 
That  of  the  anterior  milk  molar  is  the  first  (7th  week)  ;  that  of  thecsaia* 
week)  J  the  inciaor  [japillie  next  (yth  week),  the  central  before  the  latenl) 
of  the  posterior  milk  molar  last  (lOth  week).  The  eerenU  papilhe  of  \ 
jaw  appear  a  little  earlier  tlian  the  corresponding  ones  of  the  lower,  i 
sixteenth  week  there  grows*  downwards  and  backwards  from  the  namn 
each  follicle,  an  epithelial  bud,  soon  l>ecoiiiiBg  elongated  and  swelling  i 
bottom  into  a  fiof^k-Hhap^.  These  are  the  germs  of  ^e  ten  anl 
teeth  m  will  iw  afterwards  shown. 

While  the  above  described  changes^  are  going  on,  the  soft 
bounding  the  depreasion  which  contains  the  enomel-genn,  beoonss 
into  a  vascular  UKdmbranona  sac  (drntal  jw^).  Thi^s  originates  from  m  | 
aame  somewhat  dcuHc  submucous  tib^ue  that  gives  rise  to  the  dental  piftl 
479).  and  the  whole  is  supports!  by  theosseons  maxUla  as  soon  as  this  is  i 
The  jaw  is  at  tot  iu  the  form  of  a  bony  gutter,  in  which  the  tcel^i 
are  lodged ;  hnt  ihia  \s  soon.  4vn\A^  Xsf^  oseiioi;^  '^AtoeVaidsnA  Invo 
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8,  at  first  witH  wide  openings,  which  afterwarrb  are  narrowed. 
t  ^O  allow  the  contained  bslgs  to  cohere  with  the  gum  along  the  boiider  of 
m  Tnie  alTeoIi  are  fonned  subsequently  around  the  faiigra  of  the  teeth  as 
developed,  and  the  jaw  i&  deepened  hj  the  growth  of  its  alveolar 


lAntal  saca  are  well  s^en  in  the  jaw  of  an  infant  a  few  months  old. 
be  eraption  of  the  teeth.  They  are  represented  at  this  ptoge  in  %.  482. 
flun»Ci  of  an  outer  fibro-va^ular  coat  connecttid  with  the  perio^rtemn^  and 
r  lii^hlj  vascular  layer  witJi  a  little  jelly-like  tissue  interposed  between 
4»  Xhe  inner  coat  is  lined  with  the  epithelium  of  the  enaionl  organ  to  be 
ir  deacribed.  Their  blood-Teaseht  are  derived  partly  from  the  dental 
I  ^wliich  ooorae  along  the  base  of  the  sacd«  and  partly  from  those  of  the 
Tbeir  extreme  vascularity  doubtlesa  has  relation  to  the  nutrition  of  the 

QTgAIL. 

2. — Thk  i>kntai>  sacs  p.^ 

fKl»   Ui    rill  JJLW  Of   k  f 

>  AT  BI&rH. 

e  left  half  aecn  from 
«T  nifle  ;  b,  the  right 
mil     from    tbe     oater 

feo(  the  bone  has 
|A  so  a»  to  ex- 
IM  »c»  m  they 
I  gam  ;  tho  lower 
llwwB  the  aacB  of  the 
■tb  and  the  first  per- 
I  nolar,  exjxi^eil  by 
18  1^  boae  from  tho 
I  the  upper  figure 
llbe  Mine  from  the  iti- 
Ij^elher  with  the  sacs 
iperoaoeiit  iDcisor  and 
adhering  to  the 


papillip,  now  become  the  dental  pulpfl,  acquire  a  perfect  resemblance  to  the 
H  of  the  future  teeth,  and  then  the  formation  of  the  hartl  subHtauce  com- 
ft  in  them,  as  will  be  immediately  described.  This  process  begins  very  early. 
r  the  end  of  the  fourth  month  of  foetal  life  thin  Bhellfi  or  caps  of  dentine 
13)  are  found  on  all  the  pulps  of  the  milk-teeth,  and  a  little  later  on  that 

fiiBt  permanent  molar ^  while  at  the  same  time  the  coating  of  enamel  begin? 
Sepocdted  on  each. 
I  cap  of  dentine  inoreaaes  in  extent  by  a  growth  arotmd  its  edges,  and  in 


Pig.  483. 


e^ 


33. — Diyfaaiirr  stages  in  the  ipohmatios  of  an  upper  moiar  tooth  with  two 

FAXGs  (from  Blake), 
lie  distinct  caps  of  dentiae  for  five  cugpa  in  the  earlient  stage  of  forniiition  ;  in  2. 
e  remaining  ligmea,  tko  crown  h  doimwnrds  ;  in  2.  And  3.  the  formation  of  the 
bavitig  pToee«ded  as  far  aa  the  neck,  a  hridg*  of  dentine  stretch e»  HcrO(!»«  the  biwc 
I  p«lp ;  and  in  i.  the  division  of  the  fangs  Is  thus  completed  ;  in  6,  6,  and 
I  lakes  place  in  the  iangB. 
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thickneas  hy  ad<litioBB  In  its  interiort  while  the  Babfitanoe  of  the  [ 
prcjp<>i'tioii-  Thk  groinrth  of  the  tooth  oontinues  until  the  crown  ii  { 
its  projKjr  width,  and  then  the  pulp  imdeTjo^oea  a  oon«trictioti  at  ito  [ 
the  cervix  of  the  tooth,  and  afterwardu  elongates  and  becomes  i 
serve  as  the  bom^  of  the  fang.  Sooner  or  later,  after  the  completian  of  ti 
this  port  of  the  tooth  appears  throoifh  the  gnm,  whikt  the  growth  of  4t 
complete  the  fang  h  continued  at  the  Borface  of  the  elon^atin^  fti3^ 
irniduaJly  tecoraes  encroached  upon  by  suocesaive  formations  of  hairf  ■ 
until  only  a  small  cavity  is  left  in  the  centre  of  the  tooth,  oontainiai 
but  the  reduced  pulp,  supplied  by  slender  threads  of  Yc?nocls  and  nem 
enter  by  a  Rmall  aperture  left  at  the  point  of  the  fang  after  the  dentJH 
plete<l.  In  the  ctu^  of  t€i'th  liaving  oomplex  crowns  and  more  than  a  MB 
the  process  ia  somewhat  inadifitjd.  On  the  Burfaoe  of  tha  dental  pmllpi 
tooth,  as  maoy  separate  caps  or  8helk  of  dental  substance  are  formed li 
eminences  or  points  ;  thea*  »c»on  coalesce,  and  the  formation  of  the  U 
ceeds  tk<  before  a^  far  o^s  the  oervix.  The  pulp  then  becomes  divided  al 
more  |^»ortious,  corr^ponding  with  the  future  fangs,  and  the 
in  each  as  it  does  in  a  single  fang  ;  while,  at  the  «anie  time,  > 
j(^tion  or  bridge  of  dentine  is.  deposited  acrom  the  hoM  of  the  pulp^  bit 
commencing  fangs,  m  that  if  the  tooth  be  remoired  at  this  stafe  and  i 
on  ita  under  surface,  its  shell  presents  as  many  apertures  as  tbete  m 
fiuigs  (tig.  483,  3  and  4)*  In  all  teeth,  tlie  pulp  originally  adheres  1^  i 
base  to  the  bottom  of  the  sac  ;  bub,  when  more  than  one  fan^  ia  to  bs  4 
the  pulp  is.  as  it  were,  separates!  from  the  sac  in  ceitain  parts,  so  IhaA  11 
adhere  at  two  or  three  insiulated  spots  only,  coiresponding  with  Ukm  ta| 
the  dentine  continues  to  he  formed  along  the  surrounding  frea  maim 
pulp. 

Format  ion  of  the  hard  tissues  of  the  Teeth. — The  aoooont  alwa4y 
the  structure  of  the  permanent  pulp  of  a  tooth  will  apptj  also  ta  th§ 
papilla  or  formative  pulp  of  the  growing  tootb,  both  before  and  aller  til 


Fig.  434.— Part  or  saonoi  sf 
ISQ  Toora  or  a  tovps  ait, 
THR  MOPE  OP  naroiiTrosr  or 


ft,  oater  hkyer  of  f  ally  fscvil 
6,  uacmldied  matria,  «ilb  ai 
nodules  of  calcareoos  atttta^  mi 
cifiod  part ;  c,  odoatotiJHls  sm 
oeaMi  into  the  deatiae :  A  P 
aectioQ  b  stsined  vilJi  oMaii 
eoJoon  the  aacslciibd 
thecaleilled  pari 


has  begun  to  be  formed  from  it.    Tlie  capillary  resMls.  which  i 
loops  a  short  distance  beneath  the  mirfaoe,  are  much  more  ahoadaal  iyp 
point  or  points  where  calcification  is  about  to  commence. 

The  dentine  is  produced  more  immediately  by  the  elongated  oeQs  (odaa 
aln^idy  described  as  forming  the  superficial  stratum  of  the  po^  (%• 
These  cells  send  out  from  their  free  extremities  filamentooa  prooaMaai  ■§  i 
by  Lent,  and  the  matrix  or  intertnbular  subRtance  of  the  dottlaa,  wiki 
bably  t«hed  out  by  the  odontoblasts,  becomes  formeti  simuItaDeoiMi^  bita 
around  the.^e  processes  and  is  thus  as  it  were  moulded  upota  tlnem,  la  m 
the  tubules  in  which  the  cell-proccflses  are  now  enclosed.  Tike  anat  I 
oontitnie  to  8pin  out  a  filament  until  the  tuboJe  is  completed  in  ils  ^ 
and  iii  many  cases  a  ceil  nends  out  two  or  more  proeeasea. 
tis  the  cell  recedes,  the  branched  tubules  being  thos  produoed. 

l*he  collogenona  basis  of  the  dentinal  matrix  is  at  fijrst  nn  mini  Hart  i^g^ 
bat  thematenal  of  calcification  soon  begins  to  be  depoiitai  in  luMtofri 


together  into  a  uniform  h&rd  substance  {tt%  In  parts  where  this  co- 
krtiallj  faiLi  the  imcalcifi^d  matter  between  the  globnlea  ahrmks  up 
K>th  haa  become  dry,  bo  as  to  leave  tho  interglobular  spocea  previously 
K  552).  The  globular  mode  of  deposition  is  Indicated  also  by  the  inner 
the  growing  dentine,  which  is  nodulated  (Cxernmk) ;  and,  indeed, 
idnlea  may  be  aeen  in  the  soft  tissue  of  the  growing  matrix  (see 


t  aECnQH  TUtLfiUQU    THE    E«AMEL  URGAM 
►AL  8 AC  yaOM  THE  TOOTH  OP  A  CHILD  AT 

m  KoUlker).     250  diameters. 
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mg,  486. 


ta|«r  of  the  d«atal  sac  ;  5,  ianer 
po  ol  the  lamG  with  capiUaiy  blood- 
A  aomewhat  denser  layer  towards  the 
a  ;  c,  tpOQgY  snbitaDoe  ;  d,  inner  cotum- 
Ad  e,  outer  cubical  ceils  of  the  enamel 

ig  to  Waldeyer  the  protoplasm  of 
comes  directly  transformed  into  the 
adrix«  except  the  central  part,  which 
laltered.  oocupying  the  tubule,  find 
1  by  another  oeU  lying  deeper  in  the 
which  the  first  is  in  connection  ^ 
in  sacoassioD.  Tliiii  view  has  been 
hj  Beale,  Boll,  Tomes,  Klein,  and 
Titles,  but  in  my  opinion  ibia  scarcely 
ior  if  it  were  true  we  yhould  expect 
bntoblaste  which  had  only  partly 
tim  tmnaformation  in  question,  and 
have  never  been  d(^*orihed.  We 
Iber  expect  to  &nd  in  the  matrix 
f  ita  coalesced  formative  cell<9,  but 
^  hare  nerer  been  diiM^overed  in  itv 
p»v«r  f«ry  dithotilt  to  ext)latn  the 
iof  tbe  tubules  if  we  accept  Wal- 
ir.  Indeed  this  hypothesis  tie«ms  to 
[like  the  similar  riewa  with  regard 
rmation  of  connectiye  tiasue  and 
p.  ll-'J  and  104-5)  largely  upon  theo- 
Uderations,  and  to  be  opposed  i»ther 
ited  by  the  koown  f  actii  of  the  ( 


ttmeL— The  gnrfaoe  cells  of  the 
to  line  the  dental  sac  in  the  form  of 
I  or  cubical  epithelium  (fig.  inr,,  i-). 
Br  hand  the  cells  which  lie  next  the 
the  pulp  become  elongated  and 
Into  a  prismatio  shape,  precisely  like 
f  epithelinm  (d  Bg,  iHo ).  The  central 
|o  a  remarkable  change.  OriginoUj 
they  for  a  time  merely  increase  in 
lit  soon,  asduming  a  ^Uate  form, 
OQt  branches  which  joio  with  one 
[.  485.  r),  whilst  a  clear  fluid  or  jelly- 
f  ooUeote  in  their  interstices. 
h  cavlfy  containing  the  enamel-germ  numerous  small  papillary 
\i  the  ▼aoct&hu'  sac  and  adjacent  mucous  membimne  project,  and 
^leoe,  oa  the  other  hand,  epithelial  procowes  extend  from  the 
m  into  the  membmne  (%.  486,  a).  The  enamel-germ  is  now  designated 
gl  organ/'  ^rffufum  adamantinfr  oi  PurkinjCf  who  najned  \]he  co\iimn»x 


hj  epithdimi  i 
that  liajaf  Hm  I 
FCWuiindT <l  Ikti 
efuuD«l^gcffm ;  3 
org^  ;papilti£oni 

•TCI 

Ibo  upptr  put  if 

thfi  spuce  tM  wJm 
do9ed  tormm  QM 
of  r»erve ;  £,  dwH 
6,  lawer  j«w4 
•  cmitil^l. 


C.  Tomcg.     The  cells  meanwhile  maj  be  supposed  to  grow  contliiiwllji 

end    In  sectlonB  a  tipace  is  observed  l)etwe«ii  the  oeJl»  n&d  tli«  nil 

enamd,  but  this  u  probably  produced  after  death  by  a  ihriiildiig  of  tlM 

The  prooeas  of  fonnation  oommenoes  next  to  the  forming  dentiiie, 

indeed  as  the  latter  begins  to  be  produced.    The  enamel 

soft  and  friable.    The  cnameborgan  eztendfl  no  farther  than  the  cnn 

toothy  to  which,  therefore^  the  deposit  of  enamel  \a  limited.    Am  U 

tion   of   enamd  become  completed   the   rest  of   the 

away :    the   Etuperficial  teaselaited  layer  is    beliered   to 

dentin.'' 

The  oement  begins  to  be  formed,  simultaneouiily  with  or  toon  mflcr  1j 
of  the  fang,  by  the  snbperiosteal  tinue,  m  in  the  formation  of  Ike  i 
lajers  of  a  bone. 

Eruption  of  the  temporary  Teeth* — At  the  time  of  birth  the  etov 
antorior  milk-teeth,  etill  f^Ticlosed  m  tlieir  fSLw,  lie  in  bonj  crjptm  In  ti» 
iM>niewhat  narrowed  mouths  opiiiing  on  its  edge.  Their  appeftnaoetk 
gums  follow  a  regular  order,  tmt  the  period  at  m  hich  each  pair  of  teeth  k 
within  oertain  limits.  The  eruption  commences  about  the  mg9  of  wmm 
and  ia  completed  about  the  end  of  the  second  year.  It  be^iiia  wllh  tf 
inciiiora  of  the  lower  jaw  (about  tlie  sdzth  to  the  ninth  uoiillilw  ^ 
followed  I  after  a  re?fting  perio<i  of  two  or  three  months,  by  the  iadii 
upper  jaw.  Then  after  a  rftst  of  a  few  months  oome  the  lower 
and  the  drtit  molars ;  then  after  four  or  five  months  the  canioei^  i 
the  Beoond  year  the  fleoond  molars. 

The  eruptiou  of  the  tooth  is  preceded  by  absorption  of  part  of  th#*  waB  if 
oarity  in  which  it  Llefi.  especially  of  the  front  (lart.  eio  an  u^  I^are  a  wHm 
for  the  emergence  of  the  crown.  After  thiii  a  rtdcposiUmi  OO0Ki  fl 
neck  of  the  tooth,  and  this  deposition  is  continui^l  around  thi  taflilil 
becoming  formed  ;  in  thi»  way  the  bonj  socket  i*  pfodueed. 

Before  the  teeth  protrude  through  the  gum,  thia  under^om  tem 

anges  :  its  edge  at  first  beoomea  dcnie  and  ehaip,  but,  tmlhti 
it,  the  abarp  edge  djaappeais,  the  gum  beoomea  ruundcd  oe 
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hne  ;  the  snnunit  of  the  tooth  is  seen  like  a  white  spot  or  line  thxongh 
iSmx  gnzn,  and  soon  afterwaids  emerges.  Before  the  eruption,  the  mncons 
le  is  stodded  with  a  number  of  small  white  bodies,  which  were  described 
I  ma  glsndB  (dental  glands).  They  are  little  nests  of  epithelium-cells 
I  and  appear  to  be  portions  of  the  epithelium  of  the  enamel-germ  which 
pad  obliteration.  Similar  bodies  are  found  in  other  situations  where 
n  la  included  in  a  seam,  and  is  undergoing  obliteration,  as  along  the  line 
ft  of  the  palate  (Epstein^ 

imneiit  of  the  permanent  Teeth. — ^Ten  permanent  teeth  in  each  jaw 
he  milk-teeth,  and  six  are  superadded  further  back  in  the  jaw.  It  will 
nient  to  treat  first  of  the  ten  anterior  teeth  or  teeth  of  succession. 
loa  and  pulps  of  these  teeth  have  their  foundations  laid  before  birth 
hoee  of  the  milk  set  It  will  be  remembered  that  behind  each  milk- 
bere  is  formed  about  the  sixteenth  week  a  small  epithelial  growth  (fig. 
p  :  fig-.  486,  4),  derived  from  the  neck  of  the  enamel-germ,  and  this  forms 
bd-germ  of  the  oorzesponding  permanent  tooth.  They  are  ten  in  number 
mwj  and  are  formed  suocessiyely  from  before  backwards,  ^ese  germs 
igate  and  recede  into  the  substance  of  the  gum  behind  the  germs  of  the 

Kg.  487. 


7. SkSTCHIS  SHOWIVO  THV  RILATIOirS  or  THI  TKMPOBABT   AVD  FBBlCAiniVT 

DKHTAL  SACS  AKD  TRTH  (after  Blake,  with  some  additioDs). 
ver  parts  of  the  first  three  figures,  which  are  somewhat  enlarged,  represent 
4  the  lower  jaw  through  the  alyeolus  of  a  temporary  incisor  tooth  :  a,  indicates 
'  the  permanent  tooth  ;  r,  its  pedicle ;  6,  the  sac  of  the  milk  tooth  or  the  milk 
If ;  <?,  h\  indicate  the  bony  recesses  in  which  the  permanent  and  temporary 
lodged,  and  tf,  the  canal  by  which  that  of  the  former  leads  to  the  surface  of  the 
ad  the  alreolns  of  the  temporary  tooth.  The  fourth  and  fifth  figures,  which  are 
the  natural  sise,  show  the  same  relations  in  a  more  advanced  stage,  in  lY., 
ko  the  change  of  teeth,  in  V.,  when  the  milk  tooth  has  fallen  out  and  the  per- 
wtii  b^ns  to  rise  in  the  jaw ;  c,  the  orifice  of  the  bony  canal  leading  to  the 
ha  permanent  tooth. 

Oi.  In  the  meantime,  a  papilla  is  formed  at  the  bottom  of  each  enamel- 
lat  for  the  central  incisor  appearing  first,  at  about  the  sixth  month,)  and 
la  become  each  inclosed  within  a  dental  sac  the  sac  of  the  permanent 
bsing  to  the  back  of  that  for  the  temporary  tooth.  The  bony  socket  not 
M  a  cell  for  the  reception  of  the  milk-sac.  but  also  a  small  posterior  reocM 
far  the  permanent  tooth-sao,  ^-ith  which  the  recess  keeps  pace  in  its 
In  the  lower  jaw,  to  which  our  description  may  now,  for  convenience, 
Md,  the  permanent  sac  is  at  length  found  at  some  distance  Dclo^ff ^ 
he  milk-tooth  ;  the  sac  for  the  permanent  tooth  aoquirmg  »t  tot  a 
le,  and  heing  then  connected  with  the  gum  by  a  solid  pedicle  of  wnrous 
g.  487,  L,  II.,  r>    Tbei»cc»in  thejawC^^hafl  a  8imilarfonn,aiKwn. 
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out  into  Q  long  canal  for  the  pedicle^  which  opens  on  the  edg«  of 
an  aperture  l>ehind  the  cori*B|x>ndiiiR-  milk*tooth.    The  pentiaiieiif  I 
seporated  from  the  socket  of  the  milk-tooth  hy  a  bouj  partitioo,  \  ' 
tu  thQ  root  of  the  mitk-tooth  just  above  it.  become*  frboarbed  im  tfavi 
the  pennnnent  tooth  riseii  through  the  gum.  When  thia  has  prooeedidl 
the  milk'tooth  becomes  loosened,  falls  out  or  is  i^einovedp  and  ib«  \ 
tooth  takea  its  place.    The  absorption  of  the  dental  sub«itance  i 
near  the  ends  of  the  fang^B,  and  proceeiis  upwards  untH  notlLing  Uol  1 
remuins.    The  cement  is  firs^t  attacked,  and  then  the  dentme :  but  I 
Is  j^imilor  in  the  two  ti^sue^.     The  change  is  not  produced  menfy  1 
but,  as  in  the  casu  of  the  absorption  of  bone,   through  th« 
nucleated  ab^rhin^  cotls  or  osteoclasts,  developed  at  the  time,  and  \ 
surface  of  the  fang.   The  socket®  begin  to  be  formed  around  the  neekfif  I 
as  soon  as  the  crown  projects,  and  are  formed  simultaiLeonidj  with  tie  i 
ing  fangs. 


Fi^.  488. 


f 


•.Jk 


Fig.  488. — Part  of  thv  lowbr  jaw  of  k  cdtld  or  Tsasx  om  pocn  tmot  4 

SHOWIIffO    THK   RELATIONS    OF  Til*  TBMPORABT   AJTB   rKajfAVKST  fSm. 

The  Bpedmen  contaius  all  llio  mUk -teeth  of  the  right  side,  together  witli  tkt  i 
the  left ;  the  Lnticr  plate  of  the  j;iw  hits  been  rctDi>ved,  so  as  to  ejpowe  i1m  mm4\^ 
jK^fuianent  teeth  of  the  ri<^ht  slile,  except  the  eighth  or  wisdooi  toolk 
fcinaed.     The  large  fac  near  the  nynus  of  the  jav  is  that  of  tha  fin* 
and  above  aud  behiad  it  is  the  commeaolng  mdimeDt  of  the  second  moUr, 


Tlie  six  f>0£(tenor  (or  ^vprraddrd)  permanent  teeth,  thAt  !■«  Ih«  tip! J 
nent  molarti  on  each  side,  do  not  come  in  the  place  of  other  letth.    ~ 
frtjtn  Bticce^'iave  extcnsiona  of  the  cnamel-genn  ouried  backwmfdi  la  { 
beliind  the  milk-teeth. 

The  part  of  the  common  enamol*germ  poet^rior  to  the  laai  t 
long  continaest  nnoblitemted^  and  from  it  there  becomea  derdopad  all 
fifteenth  week  of  embrvonic  life  a  irpecial   enamel^germ  which  fofBiliil 
ment  of  the  first  petTn-^nent  niohir  tooth.    After  a  long  btterrmi,  Tia,  i 
seventh  month  after  birth ^  the  germ  for  the  seoond  pcfmaiMni  ] 
appears   projecting    backwatda    from  the    neck   of    thai  for   tte 
After  another  long  interval,  daring  which  the  sac  of  tho    find  pcfM 
and  its  contained  tooth  have  acquired  great  siae,  and  that  of  Uir  m 
has  also  advanc-ed  considerably  in  developments  the  aame  chaagas 
occur  and  give  ri^e  to  the  sac  and  pipilla  of  the  wiadom-tooih  (tliiid|«fi  j 
anbaeqncnt  development  of  the  pennanent  molar  teetii  tahns 
aaos  just  like  that  of  the  other  teeth. 

Galcificatton  begins  fir^t  in  the  anterior  permanent  molar  taetlt    lit* 
TteHods  may  be  thus  stated  for  the  upper  jaw.  the  lower  bdo|t  A  Ml 
First  molar,  five  or  six  months  after  birth  ;  central  inciior.  a  llUlt  lili' 
incisor  and  canine,  eight  or  nine  months ;  two  bicasfiidd.  two  jmi*  ^  * 
«eoo&d  molar,  five  or  six  year*  i  third  molar«  or  wiidoin-UMth,  A^oiit«iJ**' 


ThU  TEKTH   of  a   OBILI*   op   srX    YKAUS,    with   THK  CALCirilli  ¥AAT3  Of  TBI 

*irE*t  TEETU  EXPusEP  (after  Henic  and  iiioclifietJ  from  nature,  A,  T.). 

e  of  the  teeth  of  the  right  aide  ar^  shown,  together  with  the  three  front  teeth 
Ide  '.  in  the  upper  and  lower  j;iws  the  teetfa  are  indicated  as  folloMs^  viz.  : — 
|p— t,  inner  or  first  inc'iHor  ;  i\  outer  or  second  incisor ;  c,  canine ;  w,  first 
pecond  molar.  2,  jyerjiHinent-tctth — t,  inner  or  fiwt  incisor;  \\  outer  or 
Br;  C,  G»Dinc;  B,  firet  bicuspid  ;  l\\  second  bicuspid  ;  M'.  the  first  moliu'. 
MOfld  thatmsli  ih«  gums;  M%  tlie  sLvond  molar,  whicli  boa  not  yet  liseu  ^^ot^ 
Ifa^^ld  mokr  i9  Jiot  jtt  formed. 
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tfon  of  the  milk-te«t^f  so  as  to  proTide  room  for  the  three  i 
each  side  Ijelonging  to  the  permnaent  Bet.    At  certain  peri 
the  jaws  there  is  not  BuMcient  room  in  the  alveolar  arch  for  the 
the  permanent  molars  ;  and  henoe  the  latter  are  found  end 
the  coronoid  process  of  the  lower  jaw,  and  in  the  maxOlaij 
upper  jaw,  but  they  afterwaitls  suocessively  a»?ume  their  nil 
the  tone  increases  to  length.    The  space  taken  up  by  the  ten  antec 
teeth  ¥erj  nearly  correispoiids  with  that  which  had  l>ee-n  occupied  |n 
teeth  ;  the  difference  iu  width  between  the  incij*or»  of  the  two  ^ 
pensated  for  by  the  EnsialLnes^  of  the  bLcu.Hpid8  in  companson 
molara  to  which  they  succeed-    Lai«tly,  the  angle  formed  by  the 
of  the  lower  jaw  diiFers  at  different  age^  ;   thus  it  ia  obtOBe 
approaches  nearer  to  a  right  angle  in  the  adnlti  and  agiiin  beo 
obtuse  in  old  age  (aee  VoL  1.)^ 


SUCOITOABT    DBNTHO!. 

Under  thiK  head  are  included  certain  varietiea  of  hard  tis>Fae  Ud 
in  the  pulp-caTity  of  a  tooth  after  the  regular  production  of  the  i 
pleted.     The  two  chief  kini]^  hitherto  describe*!,  are  the  followii|| 

i.  OBteodentine  (Owen). — This  in  a  haixl  iiutetance  which  sol 
deposited  within  the  pnlp-cavityj  somewhat  resembMng-  bone  in 
traversed  by  canals,  which  contain  blood -veasels  and  pnlp>tissue, 
rounded  liy  concentric  lamellie  like  the  HaverBian  csanaU  of 
canalB,  numerouH  tubules  radiate,  larger  than  the  canalicnli  of  ta| 
in  this  j-*?spect,  and  alf?o  in  their  mode  of  ramification,  the  tubes 
It  may  or  may  not  coalesce  with  the  previously  formed  dentine. 


Fig.  490. 


Fig.  4&0, — LoFQiTUDiitAL  siwrnoir  of  im4 
duced  from  Salter.) 

d,  d\  denuded  sarfaces  of  dentine  ;  fv 
deposit'^  of  seijondary  dentine.     Two  or 
liaea  are  ol^erred  m  the  dentine, 

2.  Bentlne  of  Bepair  (Salter), — 1 
snrfaoe  of  the  dentine  becomes  deami 
sothat  the  peripheral  ends  of  the 
exposed^  as  may  hapjten  in  the  crown 
wear  of  the  enamel,  or  at  the  oenrix 
friction  and  abrasion  of  the 
dentinal  matter  occurs  on  the 
dentine  exactly  corresponding 
with  the  area  occupied  by  the! 
exposed  tubules.  Many  of  the 
subsequently  filled  up  by  a 
within  them,  so  that  on  sectit 
dentine  and  the  corresponding 
dentine  appear  clearer  and  more 
remainder  of  the  dentinal  snbei 

Wlien  the  surface-injury  has 
dentine  of  repair  i»  largely  in 
OMOB  completely  fill  up  the  pul] 


*  In  some  nf  tlio  lr>wer  animals  other  Mtidii  "Oi  dentiae  aie  fen 
theie,  and  iiiuny  other  details  regarding  the  itttlelare  and  dey 
could  not  coavcnii:riUY  l«i  latttMluced  here,   the  stadeat  is 
**  Manual  at  DtuUl  ^TitCUim^''  \i^  ^.^.^ova^v^^'^'^ 
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l.lt«ratmre  of  the  T^th.  —  Waldetftr,  in  Strieker's  Handbook,  1870 ;  Ko!U 
Linico  in  Schnifilu  a.  Cemcot,  Muncheo  Sitsumgsb. i^  1871 ;  Zahab«in,  SclimelU 
,  Zeit.  f,  wim,  ZooL  XXIII. ;  C\  S.  Toma^  on  the  cutietila  dcntiii,  Qu.  J.  micr. 
I;  On  tLc  dev,  of  the  teeth,  same  journal,  1876  ;  On  vhscuIat  dentine,  Proc 
1 1877,  and  Phil.  Trans.,  1878 ;  MmgUot  et  L^f/rai,  FoMicub  dent,  chei  lea 
i  J.  de  Tanat,  1873;  Salter,  Dental  Pathology",  1874;  Magitot,  Determ*  de 
i  Compt.  rend.  LXXV^III.,  1874  \  Struct,  et  dev,  du  tiiis.  dent.,  Compt  rend,, 
'  Lambert,  in  BuU.  dc  Vaai^L  roy.  de  Belg.,  XLIIL,  1877  (tocth  of  iTiff.  races 
Epttnn,  Ue.  EpitbeUr>erlen,  &a,  in  Zeitscbr.  f.  HeiJk.,  f.,  1880,  Tbe 
I  wiJl  be  found  at  tbe  end  of  Waldeyor'd  article  in,  '^  £tiicker'ii  Handbook^" 
Doea  in  Tomes'  *'  Dental  Anatomy." 


THE    TOWQUE, 

le  is  a  muscular  ciro;aB  covered  with  niiicoiis  membrane, 
rlj  it  is  comiccted  with  the  lijoid  bone,  and  the  back  part  of  it« 
r  sorface  forms  the  floor  of  the  arch  of  the  ilinces  ;  infcriorlj  it 
fB8  from  base  to  apex  tlie  fibres  of  the  genio-glossus  muscle,  and 
Igh  the  medium  of  that  miisclc  is  attached  to  the  lower  jaw. 
kcoiui  membrane. — On  the  timler  surface  of  the  tonij^iie  the 
ws  membrane  is  smooth  and  thin.  It  forms  a  fold  in  the  middle 
^led  ihtfrcLnum  limjum^  in  front  of  the  anterior  border  of  the  genio- 
i  muscles.  On  each  side  below,  as  the  mueonxS  membrane  passes 
[  the  tonj^ue  to  tbe  inner  snrface  of  the  gnms,  it  covers  the  sublingnal 
!L  In  front  of  the  frtennm,  tlie  muiiie  vein  may  be  distinctly  seen 
ch  side  throngh  the  mncoiis  membrane,  and  close  to  it  lies  the  ranine 
y.  Further  ont  is  an  elevated  line  with  a  fimbriated  mar^rin  directed 
ardfi,  wliich  extends  to  the  tip.  The  dncts  of  the  right  and  left 
laxillary  glands  end  by  papillary  orifices  close  together,  one  on  eacli 
of  the  fnenum  ;  and  further  bat^-k,  between  the  sides  of  tlie  tongne 
ttie  lower  jaw,  are  the  orifices  of  the  several  ducts  belonging  to  the 
ngual  glands. 

be  upper  surface  or  dorsum  of  the  tongue  {fig.  4 1> I),  is  convex  in  its 
ral  outline,  and  is  marked  along  tlie  middle  for  nearly  its  whole 
kb  by  a  slight  furrow  called  the  raphe,  which  indicates  its  bilateral 
metry.  About  an  inch  fri;>m  the  base  of  the  tongue,  the  raphe 
I  terminates  in  a  depression^  closed  at  the  hottom,  whicb  is  caOed 
fwmnen  cxtcum  (Morgagui),  and  in  which  several  small  glands  open, 
ee  folds,  named  the  glosso-epiglottio  folds  or  fr^cunla,  of  which  the 
Jle  one  is  the  largest  (fi-a^num  epiglottidis),  pass  backwards  from 
base  of  the  tongue  to  the  epiglottis. 

•ipilliB,— Tbe  upper  surface  of  the  tongue  in  front  of  the  foramen 
lam  (the  anterior  two-tbirtis)  is  covered  with  small  eminences  named 
EtCfB.  They  are  found  also  upon  tbe  tip  aud  borders,  wbere,  however, 
'  gradually  become  smaller,  and  towards  its  under  surface  they 
ppear.  The  ppillse  are  of  three  kinds,  ciratmraJIak^funfjifarm  and 
»/,  varying  both  in  size  and  form,  but  all  of  them  \nsible  to  the 
id  eye  ;  they  themselves,  like  the  rest  of  the  mucous  membrane  of 
tongue  and  month  generiilly,  are  covered  with  closely  set,  microscopic 
odaiy  papiilED  hidden  under  the  epithelium,  which  correspond  with 
c  of  the  skin,  and  are  each  occupied  by  a  long  loop  of  capifiary  blood- 
Bk.  Lymphatics  aleo  originate  within  the  [japilLT^  and  pass  as  elsc- 
tie  in  the  mouth  into  a  superficial  pkxus  in  the  mucous  membrane, 
I  which  again  the  lymph  is  conveyed  away  by  valved  veesels  seatcJ 
16  gobmacoufl  tiaaae. 


see 
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PapiUie.— Thn  lart^e  circmmvallate  papillflB  (ficr,  4^n.  L?\ 
seven  to  twelve  in  nuniluT,  art'  fuund  vn  tlie  Imek   i 
arranged  in  two  rows,  which  run  obiiqaclj  backwai'i  jj 


Tig,  401. 


Pfe.  491.— PlPILLAlT  SUBFACl  OF  TKB   TOffOtTl,   WITH   TBI    fAUCW  AM9  tmSOti 

Sapr»ey). 

1,  2,  cireaniTalliito  papillw  ;  in  front  nf  2,  tlie  fonunon  ciecina  ;  3,  fuuffxamW 
4t  ftliform  ood  conical  |hv]>jU»  ;  5,  tmnaverse  unil  oblique  nuigw;  «»  maf*i|** 
the  biM  of  the  tongue  and  in  tlie  faooe» ;  7,  toiuila  ;  8,  part  of  line  ipi^k^ltJt ;  i;  * 
g1o8a(»-epiglottic  fold  or  fnenuin  epiglottidia. 

meet  towarrlH  tho  fi^mmen  cascuin,  like  the  arms  r»f  t'  V.  i 

are  situated  in  etip-Hki*  depressions  of  the  tnucom  m  uiJl 

the  shape  of  a  trnncarcd  cone,  of  which  the  smaller  niu  -  lUid* 
the  bottom  of  the  aivitj,  and  the  broad  flattened  ba.s  lat^^trtW' 
%nrface  (ft*^,  4^'iV    '^^^^-^  ^^^  thtitefore  sarronnded  by  a  cmsokftfi 
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llHm\  and  in  same  of  them  there  is  found  a  central  depression* 
the  dncts  of  one  or  more  ^landa  open.     The  stratified 
coverinfT  the  papillae  vallatsB  m  thick,  and  completely  conceala 
inte  secondary  papiOic. 

— Vebticjj.  KEcnon  of  cm*  Kg.  492. 

LtJkTB      PIFILLA     rStOU     TBB  A 

(Bofietiiittaii).       25  HUME* 

ps|uU»  ;  Bt  the  eurronnding 
lie  ^giire  abows  the  oervea  of 
Im  ftpreabJing  tow&rd»  the  Hur- 
iovBrd*  tli«  tute^bads  which 
hUrd  in  the  epitheliiun  al  the 
tlftd  Biilctii^oii  the  lefilhe  duct 
I  taopeiu 


t-lmds.^Fonningf  a  zone  around  the  sides  of  the  papitla,  and 
und  scime  animals  upon  the  opposed  waU  of  the  vallum,  are 
ibedded  io  this  thick  epitbeli«m,  jxculiar  ovoidal  or  flask-shaped 
twnposed  i*f  modified  epithelium-cells  and  bchevetl  to  lie  special 
of  iMtc.  Tlit'Sti  laste-hmh^  as  they  have  been  termed,  arc  com- 
>  in  form  and  structure  to  the  leaf-buds  of  a  plant  (fig.  49vi)*  By 
uses  they  are  in  contact  with  the  eoriian,  while  tlieir  a]>icea,  which 
as  round  openings  or  pores  when  viewed  from  the  surface,  emerge 


Fig.  493. 


L—  Two  TAVn^BUDS 
Tax  VAlFWLh  fOUAfJL 
m  BABBIT.      450  Hii- 

m  the  ordinary 
Sam*  cells.  The 
are  flattened 
i  the  taate-bnda, 
iiig  them  in  a  sort 
i.  The  taste-buds 
elfea  may  be  des- 
l  as  ooasisting  of 
teal  and  a  ceutnd 

The  cells  composing  the  cortical  part  are  long  and  fluttened  with 
ng  ends  (fi^.  4U4  c),  and  are  in  contact  by  their  edges,  extending 
fafl^e  to  apex  of  the  organ  (fig.  4f)H);  they  are  disposed  in  more  than 
yer,  and  enclose  the  central  part  like  the  external  scales  of  a  leaf-bud. 
Dcl<j8ed  or  central  cells  (firj.  494  a)  are  spindle-shaped,  having  an 
^ement  near  the  rai*Idle  where  the  nucleus  is  situated,  and  being 
iged  at  each  end  by  a  process,  one  of  which  extends  npwarda 
is  the  apex  of  the  taste-bud,  and  is  snrmounted  by  a  fine  stylifonn 
uity  which  projects  at  the  orifice,  whilst  the  other,  which  is  more 
*r  and  sometimes  branched  near  its  extremity,  passes  down  into  the 
n  of  the  mucous  membrane,  and  is  described  as  being  connected 
a  plexus  of  fine  nervous  fibrils  found  iu  this  situation.  The 
rity  of  these  central  gustuiory  c^lis  to  the  *'  olfactory  cells  "  of  Max 
tze'  will  be  at  once  apparent. 
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The  taste-buds  were  discovered  hj  Lor^  and  SehwalbQi  i 
other.  Thcj  have  now  been  fouad  oa  the  «ide«  (but  mrelj  oti| 
of  the  pupil Uc  vifcEftt©  of  a  great  nimiber  of  animals,  and  \ 
of  the  fmigiform  papilloe  to  be  immediatelj  ctescribed,  aa  welll 
niiiooQS  memhrane  apart  from  fiapillaci  both  on  the  posterior  pari  I 
tongtief  and  aim  on  the  soft  palate,  on  the  epiglottis,  and  even  ^ 
aperture  of  the  larynx.  Acconiing-  to  Krause  the  distribution  of 
followB  that  of  the  gloisso^phaiyiigeal  nerve.  Their  »ftructnre  is  ] 
studied  in  the  rahblt  and  hare,  for  in  these  animal w  there  is  foi 


Fig.  494.— VaEIOCS  cells  FROX  TASTS*Btrt>  OF   aABBTT.       600  MAH 

a,  Four  cells  from  central  part  :  ft,  two  cortical  cells,  and  cme  oeatial 
iion  ;  c^  three  ceils  from  cortical  purL 


of  the  base  of  the  tongue  an  oral  laminated  fltraettite,  the  so-called  p 
the  lamiiuB  composing  which  contain  in  the  epithelium  of  their  opj 
gre4it  numbers  of  tho««  bodice.    A  small  aarea,  situated  ja^  in  front 
pillar  of  the  fauces,  of  variable  appearance,  but  nimallj  with 
folds,  which  are  stndded  with  ta»u>bud«,  exists  in  the  hi 
regardeil  a8  representing  a  |>apilla  f  oliata. 
Ac^30^dmg  to  EngelmJiuUf  each  taste-bud  is  composed  of  from  15 
The  taate  organs  of  the  amphibia  have  been  longer  recognised- 
the  fonn,  not  of  buds  but  of  patches  interspersed  here  and  thete 
ordinary  ciliated  and  columnar  epithelium  which  covezs  the  u] 
aides  of  the  tongue. 

Flask-shaped  bodies,  resembling  the  taste-bnda  in  structure, 
described  hy  I^jdig  am  occurring  in  fishes.  They  are  found  both  inihi 
the  mucous  membrane  of  the  mouth,  and  are  believed  to  be  gustatAK 


The  fungiform  papill»,  more  numerous  than  the  huA 
roiiiuled  em  induces  s(:Uterefl  over  the  middle  and  fore  part  of 
of  the  tongiio  (jifj.  PJL  3) ;  but  tliej  are  foand  in  preaUT  n 
closer  together  at  the  apex  and  near  the  borders.  They  an 
tinguiBhed  in  the  living  tongue  owing  to  their  deep  red  od 
Ri*c  narrow  at  their  point  of  attaclmjent^  but  are  gri 
larged  towards  their  free  exti-einities,  which  are  bltmt  s 
(fig.  'ilifij. 

The  corneal  papilla  are  the  most  numerous  of  all^  as 
smallest.    They  nre  luinnte,  conical,  tapering,  or  cylindrical 
which  arc  densely  set  over  the  greater  part  of  the  dorsum  t>< 
{Hg,   4 [11,  4),  but  towards  the  base  gnidually  disappear. 
arranged  m  Vines  div^i^m^  l\^>m\Xv^  \w^W^,  li^ '^rst  in  on  id 
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two  ranges  of  papillae  vallatse,  bat  gradnallj  becoming  trans- 
Ib  the  tip  of  the  tougue.    At  the  sides  thej  are  longer  and 

Fig.  495. 


KYACB  A.WD  sscnoHAL  YiBW  07  A  FUHOivoRM  PAPILLA  (from  EdlUker  after 

Todd  and  Bowman). 
36  of  a  fungiform  papilla  partially  denuded  of  its  epithelium  (35  diameters); 
^>illae  ;  e,  epithelium. 

rm  papilla  with  the  bloo<l -vessels  injected,  a,  artery ;  Vj  vein ;  e,  capillary 
le  papilla  in  the  neighbourhood,  covered  by  the  epithelium ;  d,  capillary 
xuulaiy  papillffi  ;  e,  epithelium. 

r,  and  arranged  in  parallel  rows,  perpendicular  to  the  border 
le. 

Fig.  496. 

0  TILirORM  PAPILLA, 
PITHXLIUM,  THE  OTHER 

)5  DIAMETERS.  (Prom 
erTodd  and  Bowman.) 

itanee  of  the  papilla; 
eir  upper  extremities 
papillae ;  a,  artery,  and 
ted  by  capillary  loops ; 
nrering,  laminated  be- 
Ub,  but  extended  into 
Ytoeaaes,   /,    over   the 


daiy  papillae  which 
r  some  of  the  coni- 
are  peculiar  both 
ng  a  number  of 
eSy  giving  them 
mess,  ana  in  the 
f  their  epithelial 
hich  forms  a  sepa- 
prooess  over  each 
papilla,  greater  in 

the  papilla  which 
f.496,«,/).  Over 
pi^illse  these  pro- 

a  pencil  of  fine 
own  in  the  figure ; 
name  "filiform" 
leen  applied  to  these  papiUsd. 


mf 
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Tlie  papillary  m^irface  of  the  tongue  is  supplied  abandanUj  tritii  i 
of  which  terminate  in  end-bulbs,  and  a  few  in  tactile  corpme1e«.    In  t 
form  pap  like  the  nerves  are  largre  and  nunnToiif; ;  hut  they  are  still  n 
and  of  greater  size,  in  the  oLrciim vallate   papilhc,  where  they  an  < 
tri bated  in  the  nwi^^hhourhood  of  the  taat«-bnds  (fig-.  492), 

The  papillEje,  bcddca  being  the  parte  chiefij  concerned  in  th^spccklH 
taste,  also  poseess,  in  a  very  aeut*>  degree,  tactile  sensiljiJitj :  and  tliB< 
filiform  papillaj,  armed  with  their  denwr  epithelial  covering-^  nerve  a  I 
pnrpoae,  in  the  action  of  the  ton^-ne  upon  the  food,  as  i^  ivell  iIIb 
more  developed  form  which  these  papillae  attain  in  many  camivorooii 

dlancU. — The  miicoug  meail>rane  of  the  tonc^ue  is  proridedi 
iiUToerrHiB  small  glands  {(imfua!  ffhtmh)^  tiiAlected  pnnciftalJj  < ' 
j>f  ►stertur  port  rd'  ite  upper  8urfat!e»  near  the  j)apiIltB  vallatje  and  : 
t^necnm,  intf»  which  hist  the  ducts  of  several  open.  These  ekoiii  I 
tmiially  been  supposed  to  eeerete  mucus,  hut  it  has  lxx:'n  aBcerUijafii 
some  of  thiiu,  especially  those  which  open  in  the  trenches  aryod  I 
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Fig.   497.— Sbctioji  «f  1 1 
pHoiD  CBTPT  nt*n  tm 

0FTttgT03tCC£.    30Ptt 

<Koniker.) 

d,  eptthelial  lioin^:  if^ 
of  the  niticxtas  membr«B«:f*d 
part  uf  the  crypt,  f<nDed  ii 
iicctiTe  tissue  ;  «/»  ontk^  i 
cavity  of  the  cr^rpt ;  f,  I 
ing  follicles. 


papillae  vallotffi,  and  at  other  parts  where  taste-burlfi  occur,  yitlH 
wsttery  secretion  (Elmer).     Other  em  all  glands  are  found  al*>  f 
the  tDUcous  membrane  of  the  ixirders  of  the  tongue.    Theit  i^  J 
particular,  a  t^o'oup  on  the  under  smface  of  the  totigue  on  each  ail 
the  apex.     They  are  there  ng^Tet^ated  into  a  small  oblong  l 
which  several  ducts  proceed  and  open  in  a  line  on  the  macomi 
Some  of  the  glands  are  racemose  ;  others  aci no- tubular* 

The  mucous  merabrane  of  the  tongue,  at  least  ita  posteriof  | 
largely  composed  of  retiform  or  lymjibnid  tissue,  which  is  cf>B 
numerous  pcauts  into  tlie  denser  nodular  ma*?se8  known  m  i 
glands,  or  lymphoid  foUicles.     The  blood- ves.^els  and  lyrnjihiitksrfi 
part  of  the  nriemhnine  are  uuTiierous  and  large,  but  the  papill»r 
surface  are  compamtively  small,  and  are  eoTn^delely  cnncedtd  t 
thick  superjacent  epithelium.     H<  re  and  there  the  mucous  mm 
exhibits  recesses  or  crypts  (Tig.  4i)7),  either  simple  or  snrromwW* 
smaller  ones  which  open  into  them.     The  walls  of  these  rec««> 
generally  studded  with  lymphoid  I  rKxldes  ;  and  they  receive  many  o^' 
d Uf ' is  of  the  i n u c ( i us  gl ai i<l s . 

Muscular  Snbatajic©.— The  substance  of  the  tongue  isrJitd|T<«i 
pcpsed  of  muscular  fibres  nmning  in  vmnous  directions,  ilaoy  be4ii|^ 
muscles  which  enter  at  its^biise  and  under  surface,  and  attach  it  t«« 
parts  ;  these  are  called  the  extritmf  mmelea  of  the  tongue  (byo-srti*^ 
choudro-glossus,  genio-glossus,  palato-glossus,  stylo-gloesus),  iO^  ^^ 
elsewhere  deacT\biid«    ^l\v^:v%  \i\\\Os\  ^^^iv&tvt^U  the  miriuk  vf^ 
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aii«l  are  place*]  entirely  withiu  the  Btihstatice  of  the  organ,  will 
more  pjirticiiliirly  iioticcd.  Tbej  are  as  follows  :— 
Si&paidftGial  Im^nsl  mnsde  con^iBts^  mainly  of  lonn^tudinal 
tbiced  near  the  upjjer  surface  of  the  tono;De,  immediately  beneuth 
s  menibrane,  and  is  traceal>le  from  the  ajc^x  of  the  ori^n 
to  the  hyoid  bone  {figs.  41>8,  41>t^  i  s),  Tlie  indiridnal  fibres 
the  whole  of  this  distance,  hut  are  afctai-hed  at  intenals  to 
aeons  and  pjlandular  tissitts.  The  entire  layer  liecotin  s  thinner 
the  base  of  the  tongue,  near  which  it  m  ovurhippt^l  at  the  sides 
ihin  plane  of  oblirjue  or  nearly  transverse  fibres  derived  from  the 
o-gluaSQs  and  liyo-^lossus  nniseles* 

i€  infarior  Imgiial  mnjicle  consists  af  a  ronnded  nmscnlar  band, 
idinir  aloiiir  the  under  surface  of  the  toni^aic  from  base  to  apex,  and 
[  autijide  the  g:enio-glos6in?,  between  that  muscle  and  the  hyo-gloseoB 
405>,  1 1).  Posteriorly,  some  of  ita  fibres  are  lost  in  the  substance  of 
long:iie,  and  others  reach  the  lijoid  l>one.  In  front,  liaving  first 
I  joined,  at  the  anterior  border  of  the  hyo-glo8sas  muscle,  by  fibres 
i  the  stylo-ghjfisns,  it  is  prolonged  beneath  the  border  of  the  tongue 
Iff  us  its  point. 

be  transverse  muscular  fil>i*es  of  the  ton*»Tie  (figs.  40fi,  4!^Jt»  t  r) 

1  togrtther  with  the  intermixed  fat  a  considerable  part  of  its  sub* 

,ce.     They  are  found  in  the  interval  lietween  the  nppLr  itnd  lower 

[ttndinal  muscles,  and  they  an.^  interwoven  extensively  w  ith  the  other 

'litres.     PaKsiiit^  outwards  from  the  median  plane,  where  they 

_    .  frrim  a  fibrouH  septum,  they  reach  the  dorsum  and  borders  of 

toii^'iie.     In  proc^eeding  outwards,  they  separate,  and  the  superior 

m  indiiie  upwards,  fomiing  a  series  of  ctu'ves  w^ith  the  concavity 


¥\g.  4d8. 


L— Lcrtiornn»nrAL  tbuhcal  bisctioh  of  tub  towouk,  up,  &c.  (from  Knlliker 

luid  Arnold). 

gymplijsts  of  the  lower  jaw ;  rf,  incisor  tooth  -,  A,  hyoid  bone  ;  g  K  genio- hyoid 

lie;  "7,  g«nio-hyo*glo«tas  spre&dlng  along  tlie  whole  of  the  tongue;  t  r,  Imnsvcno 

le;  I  #•  sttpeiior  longitudinal  muwl©  ;  ff  I,  lingual  pUiiids  ;  /,  lymphoid  crrpU  ;  r, 

i;  I!,  iKlaoii  of  ibo  lip  and  kbial  gkoda;  o,  cut  fihres  of  the  orbicularis  oru  ;i  n^ 
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upwards^    The  fibres  of  the  palato-glossus  muscle  are  stated  ^5! 
aad  Hoiile  to  be  eoiitinuoiiQ  with  fibres  of  the  transverse  set. 

Terticai   fibres    (external    perpendicular    aiuscle   of 
cussatiii^  with  the  transvei^se  fibres  and  the  insertions  of  tfci 
glossus  (fig.  499,  //),  form  a  set  of  curves  in  each  half  of  ik  1 
ATith  their  concavity  outwards,  and  cxknduii^  duwu  and  om  ' 
dorsum  to  the  under  Burface  of  the  border,  so  that  those  which  aici 
most  are  shortest. 


Fig.  400. 


tr^ 


Fig.     499.  —  Ty 

TOJtOVS  t>  fMRf 
VJtOM  BliV 


.^d. 


m^qi' 


-ft.#- 


4, 


p. 


ff^    the   gamA 

mtiselea  ;   ff^  ^h 
fibres  of  tb«  nglii^ 
npmrj^r^  to  Ube  ■ 
inferior  ioapti  ' 
with  the  iliriikd  \ 
terj  \ir,\ 
I'Utiri?  on  oiie  f 
tudly  nituoToJ  «e| 
where  Uic  otlMtr  1 
through  it; 
guae ;  A,  hi» 
ittfibiMi, 
almost  TcrtinDrtf 
genio-hya-^loasna  ;  h\  Tcrtical  fibres  reacblng  the  surface  ;  Ib^  divided  fbteicfl 
of  the  «upertor  loijgitu^linal  mtiBole  between  the  vertical  fibres  ;  tt.^U  itfJ^l' 
gknds  near  the  border  cif  the  tongue. 

Examined  in  traiiBversc  aectione,  the  moficular  fibre?*  are  seen  to  be  1 
a»  to  rentier  the  substance  divisible  into  an  outer  part  or  corfrx  1 
or  medullary  part.  The  fibres  of  the  cortex  are  principally  longittidi&ll.l 
saperiorly  from  the  lingaaliH  sup-erior.  further  oatwardn  from  the  hy 
the  side  from  the  stylo -gloBMUn,  and  beneath  tiiis  fi^im  the  lingQ«lis  i 
They  ensheath  the  metiullary  part  on  all  sides  except  inferiorly,  whfflie  T 
glof^si  miLHcles  enter  it  tetween  the  inferior  lingtinjes.  In  the  modnlUfyf 
found,  imbedded  in  fat,  the  decuBiMiting  fihf^  of  the  tnuij$ver»e  ratwctf  f 
across,  the  genio-fflos^i  radiating:  upwards  and  ontwardst  and  the  verticil  sei^i 
arching-  dowTiwarck  and  outwajrdsi.  In  addition  to  the  moTemente  whidll 
given  to  the  tonfrue  by  the  extrinsic  miiacle%$,  this  ot^^bil  is  capable  I 
curved  upwanls.  downwaixl:*,  or  lateraUy  by  its  cortical  fibres,  it  is 
the  vertical  fibret*,  and  its  margins  are  again  dmwn  together  by  the  ttsw^*  1 
whikt  the  two  la^t  mentioned^  acting  together,  would  tend  to  lengthen  *^<*^J 

The  wptura  of  the  tongue  is  a  thin  fibrous  partition  which  . 
from  th(?  hyoid  bone  to  the  tip,  and  divides  one  half  of  the  medtillafy  i«rtrf**l 
tongue  from  the  other,  but  does  not  penetrate  into  the  cortex,  1 

The  arteriea   of  the  tongue  are  derived  from  the  Ungual,   with  ■MW  ••  I 
branches  from  the  fadal  and  aeoending  pharyngeal,     Tlia  t«I]|0  e^T 
contents  into  the  internal  jngular  tmnk. 

The  nerves  of  the  t^mgTjo  (exclusive  of  branches  from  the  sympalfchftfcl 
are  three  \  viz,,  the  limjtuil  or  gmtatorif  branch  of  ihe  f/t\  pair,  whicki 
the  papilhe  und  mucous*  membrane  of  the  fore  part  and  Fides  of  the  t 
the  extent  of  about  two-thirds  of  ite  aurfaoe  ;  the  lingual  branch  of  I 
phartjnfjitil^  which  s*enda  filaments  to  the  mucous  membrane  at  the  I1 
tongue,  and  especially  to  the  papilla?  vallata? ;  and  Ustly,  tlie  Hfp^fim^ 
wliicU  is  distributed  \a>  l\i«  toMac^Uja.    Hinrosoopic  ganglia  exist  npoa  I* 
eiona  of  the  g\oia&-^\iBxyn^«»X  iivrq^^  ^sk^me^s^^  \xl  'C^t^  ^^^^^ 


\  Bud  papilljs  foliatse,  and  m  the  sheep  and  oalf  upon  the  gustatorj 
of  the  fifth. 
f  chief  lymphatic  tnmka  accompany  the  ranine  vessels,  and  after  traversing* 
tipro  email  Ij-niphatic  glandii,  seated  on  the  hyogloaaiLa  nmscle,  paeB  into 
►  oerrical  glands. 

description  of  the  blood-veftsela  and  nerves  tt-Ul  be  found  in  the 


i.t  XtlteratuTo  (especially  relating  to  the  papilla  aad  taste- buds ).^Zor^n,  in 

mikn  Xusit,  JW,  Ib^l  ;  Schw^dhtf  in  the  same,  and  in  Med.  CentralbL,  18*j8  j 

in  Med,  CcatralbL,  1869>  and  in  Arcb.  f.  intkr.  AnaU,  TTI ;  Krawte,  m  G5t- 

itfhr, ,  1870;  BdnigmhmUdt  mltitschr.  f.  wi.sa.  Zool,  XXIIL,  1871,  and  XXIX., 

Ai»d   Med.- Central bl.,  1372;  v.  Jyfai,  in  Arch.   f.  mikr.   Amit.,  VIII. ;  Entjd^ 

Articlo  in  Striclter'a  Handbook  ;  Bidfrs^n^  Abstr.  in  II  of  man  n  and  Schwalbe'a 

^^  1972  ;  T.  Ebner,  '*  Die  acinbsen  iJriiseu  dcr  Ziinge^    &c./'  iJratz.,  1873  ;  If. 

jf  (gl&nds  of  tongtie,)  in  Proc»  Roy.  Soc.  1S74 ;  Sfrtoli^  in  Mak>8c*liott'a  (jntom.  XI., 

A*  Ilqfttiann^  in  Virebow's  Arch.,  1S75 ;  VinUchgau,  Article  ^*  Geschiaaokaimi '' 

a'a  Handbncli,  18S0. 

THE    PAIjATK 

I  roof  of  the  month  is  formed  by  the  palate,  which  consistB  of  two 
\ ;  the  fore  part  being  named  the  hani  palate,  and  the  back  part^ 
palate. 

osseous  framework  of  the  liax d  palate,  already  described  with 
aea  of  the  face,  is  covered  by  the  periosteimi,  and  by  the  liniDg 
le  of  the  month,  which  are  firmly  connected.  The  mucous 
ne,  which  is  continuonB  with  that  of  tlie  gums,  is  thick,  dense, 
'  pale,  and  much  corrugated,  eBpecially  iu  front  and  at  the  sides  ;  hut 
ooother,  thinner,  and  of  a  deeper  colour  behind.  Along  the  middle 
b  19  &  ridge  or  raph^  ending  in  iTOUt  in  a  enmll  eminence,  which  corres- 
^ds  with  the  lower  opening  of  the  anterior  palatine  canal,  and  receives 
^  terminal  filaments  of  the  naso- palatine  and  anterior  palatine  nerves. 

tlse  hard  palate  is  provided  with  many  small  glands  {jmliitine  glands),  which 
kai  a  continuous  layer  between  the  mucous  membrane  and  the  periogtenm ;  and, 
p  the  reeft  of  the  mouthy  it  is  covered  with  a  squamous  gratified  epithelium, 
m  OQcmgations  of  the  hard  palate  are  much  better  marked  and  more  regular 
t^the  fcetus  (compare  Gegenbanr,  Die  Gaumenfalten  des  Menschen,  Morph. 
biTb.  iv.,  1879). 

ui  the  rabbit  fine  nervous  fihrUa  have  been  traced  forming  a  plexus  in  the 
^tteUum  (Elin). 

The  Boft  palata  (velum  pndidnm  palati)  is  formerl  of  a  dnplieature 
mucous  membrane  inclosing  muscular  fibres  and  numerous  glands.  It 
fcistitut^s  an  incomplete  and  moveable  partition  Ix-tween  the  month  and 
m  pharynx,  continued  from  the  posterior  border  of  the  hard  palate, 
►liqnely  downwards  and  backwards.  Its  fonn  and  its  inferior  aja- 
bctions,  Ixiundi ng  the  isthmus  of  the  fauces,  have  been  already  described, 
jgether  with  the  muscles  which  enter  into  its  composition  {Vol,  I.). 
The  anterior  or  under  surface  of  the  velum,  which  is  viBil)le  in  the 
iDuth,  is  concave.  The  mucous  membrane,  continuous  with  that  of  the 
ipd  palate,  is  thinner  and  redder:  it  is  covered  with  a  similar  epithe- 
un-  The  median  ridge  or  raphe,  which  is  continued  backwards  from 
e  hard  palate  to  the  base  of  the  uvula,  indicates  the  original  separation 
the  palate  into  two  lateral  halves. 

The  poeterior  surface  of  the  soft  pahite,  slightly  convex  or  arched,  is 
Utinnons  above  with  the  floor  of  tho  nasiil  fossae.  It  is  slightly 
Tated  along  the  middle  line^  opposite  to  the  uviila.   The  lo^Gt  ^ 


The  tonsils  (tonsilln^,  amjgdate)  sre^w^promiSri 

occupy  the  recesses  formed,  one  oq  each  side  of  the  fauc 
antnriur  and  postcnor  palatine  arches  (fi^.  509,  23). 

They  ure  usiially  abuut  half  an  inch  in  leni^th^  and  a 
and  thickncHS  ;  but  they  Tary  much  in  size  in  different  ii 

The  free  inner  surface  of  the  tonsil,  projecting  into  th€ 
the  palatine  arclies,  has  from  t^  elve  to  fifteen  oriiices,  whii 
fomted  appenratice.  These  orifices  lead  into  i-ecessesor  d 
stance  of  the  tonsil,  like  those  already  descriljed  as  oociin 
pai"t  of  the  tipirer  surface  of  the  tonpfue  (^ji^.  497).  j 
tain  a  large  nmnber  of  lymphoid  follicles  ranged  arotii 
these  ciypts,  and  between  tliese  is  a  quantity  of  less  i 
tissue.  The  outer  side  of  the  tonsil  is  connectod  ^ 
Burface  of  the  9U|>ericvr  constrictor  of  the  pharynx,  and  fl 
near  to  tlje  inttrnal  carotid  artery.  Considered  in  I 
surface  of  the  neck,  the  tonsil  corresponds  to  the  angle  d 
where  it  may  be  lUt  beneath  the  skin  when  it  is  enlarge<^ 

These  stractures  receive  a  very  large  Bupplj  of  blood  from' 
VJJL,  from  the  tonsillar  and  palatine  bramclics  of  t!ie  facial  art| 
descending'  palatiDe,  the  ascending  pharyngeal  and  the  don^ 
tongne.  From  these  arteries  finci  branches  and  oapillariMJ 
abundantly  to  the  lymphoid  tissue  and  folliclea  and  to  the  papil 
membrane  ^vhieh  Lines  the  recesses.  The  veins  are  numerDflj 
tonsillar  plexus  on  its  outer  side.  The  nerves  come  from  the  ( 
nerve,  and  from  the  Mth  pair.  Lymphatics  are  abundant,  a 
tolilcled  with  a  close  pl^ocuB;  they  eventually  pufls  into  tl 
cervical  Ijinphatio  glands. 

THE    SAlinTABY    GLANDS. 

The  saliva,  which  is  poured  into  the  mouth,  and  there 
food  during  mastication,  is  secn^ted  hy  three  paii-s  of  glai) 
their  resi>Gctive  ^ituiitiouB,  jmvli^I,  snbmaxilhtrt/,  and  mh 


n#w  i^  *i--:^  ^ 
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border,  whico  lies  over  tlie  mmiiB  of  the  lower  jaw,  la  lees  dis- 

iit'd,  and  stretcher  forwanlii  to  a  Tarialile  extent,  oti  the  mat* 

c.     It  is  from  this  anterior  ku'der  of  the  jrhiiid  that  theexcre- 

iuct  pitsses  oflT;  and  therj  is  frequently  found  in  connection  with 

tt,  aud  lying  tixtn  the  mas^etc-r  nm.?cle,  a  small  process  or  a  Rpa- 

fiortiuu  of  the  ^land  (p)^  whieh  is  ealled  (fkmluta  sacia  jmroikh's, 

ing  to  raise  the  deejjer  jwirt  of  the  parotid  gland  tr»jm  its  poeitiun, 

nd  to  extend  far  inwards,  between  the  mastoid  process  and  the 

\  of  the  jaw,  towards  tlie  base  of  ttie  ekull,  and  to  be  intimately  eon- 

with  several  deep-seated  jmls.     Thus,  above,  it  reaches  into  and 

Tig.  500. 


l^y 


<JC 


X 


rrtmj 


.V 


W,— SKKTClt    OF   A   SUPKKnaAL    DlFSECTION    OP   THK    PACl,    STnOTTISO    THE    POSIlTOir 
OF    TH»    PAJIOTID   AST}  SUPJtAXJLLARY    OLAKDS    (Allcil  TIkHiiS'M).       ^ 

\  pttotU  gland  ;  p\  sociu  porotldis  ;  d,  the  duct  of  J^tenson  before  it  jicrfctmtcs  the 
Icufttor  iDu^l« ;  «,  traiiBveree  faciaj  art-ery;  n,  n,  branches  of  the  facial  uerve  cmcrijiiig 
h  below  the  gUnd  ;  /,  the  facial  artery  ]3asjsing  out  of  a  groove  in  I  ho  sub-UMudllary 
fd  And  aace&<Ung  on  Uie  face  ;  *  tti,  saperlacm]  portion  cf  the  submaxilloij  gland. 

iupics  t]ie  poeterior  part  of  the  frlenoid  cavity;  l>ehind  and  below,  it 
\£bie&  the  digastno  muscle,  and  rests  on  the  styloid  process?  uuil  styloid 
toeks;  and,  in  front,  under  cover  of  the  nioms  of  the  jaw,  U  advances 
brUiin  distance  between  the  external  and  internal  pterj^goid  muBilea. 
the  internal  carotid  artery  and  internal  jugular  vein  are  close  to  the 
Ip  surface  of  the  gland.  The  external  carotid  artery,  accompanied  by 
I  temporo-niaxillar}'  vein,  passes  through  the  jiarotid  gland,  and  in 
t  situation  divides*  into  the  temporal  nnd  interiml  maxillary  arteries, 
former  so<jn  giving  o^'  its  auricular  and  transverse  laciai  biautVva. 


ImcciBator  muscle  ;  and  tiieu,  alter  rimnmg  tor  as 
forwards  bceeotli  the  mucous  mcrnbraue,  opens  upon  tlj 
the  cheek,  by  a  small  orifice  on  a  papilla  oppoBitc  li 
second  molar  tooth  of  the  upper  jaw.  Its  direction  ad 
he  indicated  hj  a  line  drawn  from  tlie  lower  margin  of  i 
ear  to  a  point  midway  l>etween  the  red  marj^in  of  the  lip  i 
noge.  The  len^h  of  the  Stenonian  duct  is  about  t; 
half,  and  its  diameter  ratlier  less  than  Jth  of  an  inoi 
where  it  jierforates  the  buecinatur,  its  c^nal  is  as  li 
quill,  but  at  its  orifice  it  is  smaller  than  in  any  otbi 
only  admit  a  fine  probe.  i 

The  vcsBdfi  of  the  parotid  gland  enter  and  leaTe  it  at  ntm 
arteries  are  deriveti  directly  fn>iD  the  external  carotid*  and 
branches  which  pass  through  or  near  the  gland.  The  Teinl 
Ijinphatics  jotn  the  deep  and  Buper^cial  *»efe  in  the  neck ;  and  ^ 
or  more  lymphatic  glanda  emheddcd  in  the  substance  of  the  p 
come  from  the  ^3^11  pathetic  piexoB  on  the  external  earolid  aH 
the  f  acialf  the  amictilo'temporal  and  great  anricular  nervea*  i 
it  haa  1>een  exf>crimentally  shown  that  the  parotid  deriTOi 
nerve-snpply  from  tho  glotiso-phaiyngeal,  through  the  lemet  i 
nerve  and  the  otic  gaui^lionT  the  fibres  finally  pumng  to  tho 
of  the  auricnlo-tempoml. 

An  mstaBce  ia  recorded  bj  Gmber  of  a  r^Tnarkahle  diEplaofll 
oa  one  side  ;  the  whole  gland  being  situated  on  the  maseeter  i| 
an  enlarged  socia  parotidis  (Yirdiow^fl  Aiichiv,  loudi).  J 

The  atibmamllar?  gland. — The  suhinaxillanr  g:lan< 
sm),  the  next  in  si^e  to  tiie  parotid,  is  of  a  spheroidal  i 
about  2  or  2j  draclmis.  It  is  Bituated  immediately  bQ 
the  inner  surlice  of  the  inferior  maxilla,  and  above  the  i 
In  this  position  it  is  covered  by  the  skin,  fascia  and  pi 
and  its  inner  surface  rests  on  the  mylo-hjoid»  byo-gU 
gloasiis  rausclcfi ;  above,  it  coiTesf^onds  with  a  depreaei 
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I  ■ommifc  of  a  soft  papilla  (d)  seen  beneath  the  tongue.  The  obvions 
'     1  of  this  gland  is  like  that  of  the  parotid ;  but  its  lobes  are  larger, 

onding  areolar  web  is  finer,  and  its  attachments  are  not  so  mm. 

r,  its  duct  has  much  thinner  coats  than  the  parotid  duct. 

l-reflBels  of  the  gnbrnaxillary  gland  are  branches  of  the  facial  and 
•steriee  and  yeins.    The  nerves  include  those  derived  from  the  sab* 
'  ganglion,  and  through  this  from  the  chorda  tjmpani,  from  the  lingual 
|aC  the  inferior  maxillary  (and  in  rare  cases  from  the  mylo-hjoid  branch  of 
r  dental  nerve),  and  from  the  sympathetic. 

nUingnal  glaad. — The    sublingual    gland    (fig.   501),  the 

;  of  the  salivary  glands,  is  of  a  narrow  oblong  shape  and  weighs 

one  drachm.    It  is  situated  along  the  floor  of  the  mouth,  where 

a  ridge  between  the  tongue  and  the  gums  of  the  lower  jaw, 

only  by  the  mucous  membrane.    It  reaches  from  the  fraenum 


I. YlKW    OF    THB    RiOHT    SUB- 

A5D    SrSLIKOUAJ.    GlA5I>S 

( IX8IDE  (Allen  Thomson). 


Fig.   501. 


of  the  right  side  of  the  jaw, 
I  from  the  left  at  the  symphysis, 
the  tongue  and    its  muscles 
removed ;  and  the  mncoos 
of  the  right  side  has  been 
I  off  and  hooked  upwards  so  as  to 
I  aaUingual  glands  ;  s  m,  the 
rficial  part  of  the  submazillaiy 
y,    the    facial    artery    passing 
iit;  »m\  deep  portion  prolonged 
inner  side    of  the   mylo-hyoid 
hfl»  A/  <  /,  is  phu»d  below  the 
r  large  part    of   the   sublingual 
|vitfi  the  duct  of  Bartholin  partly 
;  •  f,  placed  above  the  hinder  small  end  of  the  gland,  indicates  one  or  two  of  the 
■forating  the  mucous  membrane  ;  <f,  the  papilla,  at  which  the  duct  of  Wliarton 
I  front  behind  the  incisor  teeth  ;  cf,  the  commencement  of  the  duct ;  A,  thehyoid 
K  %  the  gustatory  nerre  ;  dose  to  it  is  the  submaxillary  gangUon. 

biB^  in  front,  where  it  is  in  contact  with  the  gland  of  the  opposite 
^^Uiqnel^r  backwards  and  outwards  for  rather  more  than  an  inch  and 
pt  On  its  inner  side  it  rests  on  the  genio-hyo-glossns  ;  below,  it 
by  the  mylo-hyoid  muscle  (mA),  which  is  interposed  between 
tibe  main  part  of  the  submaxillary  gland ;  and  it  is  here  in  close 
with  the  Whartonian  duct,  with  the  accompanying  deep  portion 
last-named  gland,  and  also  with  the  Ungual  branch  of  the  fifth 

ihe  lobules  of  the  sublingual  gland  are  not  so  closely  united  together 
Imk  of  the  other  salivary  glands,  and  the  ducts  from  many  of  them 
H  leparately  into  the  mouth,  along  the  ridge  which  indicates  the 
feioQ  of  the  gland.  These  ducts,  named  duets  of  Bivini,  are  from 
ft  to  twenty  in  number.  Some  of  them  open  into  the  duct  of 
Mon.  One,  longer  than  the  rest  (which  is  occasionally  derived 
ivt  also  from  the  submaxillary  gland),  nins  along  the  Whartonian 
s  and  opens  either  with  it  or  very  near  it ;  this  has  been  named 
}iiui  of  Bartholin. 

%0I»  U.  7  P 
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The  blood-TcsselB  of  this  gland  are  supplied  by  the  eiablixigiud  *»d  ^ 
artenei  and  Teins.  The  nerves  are  numerous,  and  are  deriTed  imm  tk 
bmnch  of  the  £ftb. 


BTBTJCTURSl    OF    THE    SALIVARY    QI«AKD6L 

These  j^knds  are  cooBtnicted  on  the  rximpound  mccin 
ducts  (traced  hack  wards),  after  branching  a  oertaiu  ul 
fcenninate  in  fine  ramnsculea,  into  which  the  alveoli  open* 
the  salivary  glands  do  not  always  present  the  form 
typical  of  the  alveoh  of  a  coiiifMiund  racemose  gland 
times  dilatations  of  the  extremities  of  the  duct  beset  with 
lai'gemeiitsy  sometimes  more  tubular  and  even  somewhat  cm 

Tig,  502. 


pen.    T3md 
nmaSOwftm 
id.    Tbe/a 
et  with  SMXI 


Fig,  502.— Diagram  op  the  coxsTRrcriojf  or  a   lowtlb  of   a 
(AciKo-TCBULJiit)  Mucots  oLAND  (froiD  KoUikcr). 

a,  duct ;  5|  a  bmncb  of  tbc  duct ;  c,  atreoli  tm  thtj  lie  (ogetlier  in  tiie 
sftmc  Eepa.mUHl,  sfaouing  thf^ir  ^onnt*ctioD  as  an  iireigalar  tube^ 

without  raarlced  sacculation  (fig,  502)  (acino-tubidar  variety )» bull 
no  eseeutial  difference  between  the  two  forms,  transitions  being 
between  them.  The  alveoli  are  enclosed  by  a  basement  niembrao^ 
is  not  complete  as  in  many  glands,  but  forms  a  basket-Ube  in^ 
the  alveolus,  the  flattened  cells  which  form  it,  being  ramified  m 
tt>gether  by  their  branches  (fig.  503).  There  is  however  in  m 
deheate  homogeneous  sulj^tancc  occupying  the  mcshet  belvecft 
(see  the  lefl-hand  alveolus  in  fig.  503).  The  cells  of  the  ' 
brane  are  said  to  send  inwards  proceoes  to  form  a 
amongst  the  alveolar  cells* 
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Fig,     505.— MxinaAirA 

,     ALVSOU      15ULATSII 

doTckj). 


The  preparnUoQ  i«  tak«Q  fits  d 
^asd  d  ilia  dog«  vhlcfa  ii  tSbmhs-  la 
to  a  moeoiit  MUfai7  gUiuL 
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The  alveoli  are  umted  hj  th 
vessels  and  a  small  amomiiif  iM 
neetive  tissue  into  lobaki^  fli 
again  by  a  larger  qninti^cf^ " 
tissue  into  larger  lobules,  A  considerable  amoont  of  ooowtii* 
also  aooompanies  the  blood-Tessels  and  duct  in  their  ramifikaCMai  A 
the  gland  The  connective  tissue,  where  it  m  in  laigisr  i 
lamellar  in  character   (Klein)^  and  it  contaiu^  beodos  iht  on 
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pied  cells,  a  certiiin  number  of  granular  plasma-cells  and  l}^mph- 
ieles,  with  fat  cells  occasionally. 

alTeoli  of  the  salivary  glands  may  be  divided  into  two  classes, 
__  ^  to  the  natnre  of  their  st^cretion  ; — those  of  the  one  kind  yield- 
I  lopy  secretion  characterised  hy  c^intaining  mucio,  and  those  of 
lUier  kind,  a  thinner  more  %vatery  fiecretion,  aometimea  contiuning 
liiiferahle  amount  of  serum-albumin,  so  that  the  secretion 
iktes  on  being  heated.  The  two  kiods  of  alveoli  may  accordingly 
Blingiiifiheil  as  muc4)us  and  serom  or  albtmiimm,  (Heidenhain);  they 
r  from  DOC  another  both  in  appearance  and  in  the  natmx'  of  their 
Jkingctdls.  Ineome  cases  an  alveoluB  may  contain  mucous  and  serous 
ade  by  side. 

B04.— Sicttojr  OP  taws  of  Fig.  504. 

■        BeMAK      gPBMAXILLAHT 

mn  (Htideahftli]), 

the  n^t  of  the  figure  Is  a 
^  off  niuoooi  alTeoli,  to  the 
i  ^oap  of  aeioas  alveuti. 

10  lutman  parotid  imd  that 

fi,  tmanmalB  is  oompoeed 

mm»  alreoU^  and  the  sub- 

iil  gland  of  mucous  al  veoli^ 

in  matL  the  submaxillary  is 

xed  gland,  contaitiing  both 

hot  alveoli,  although  the 

m  ai«  the  more  DumerouB 

iSM),   In  the  dog  and  moet 

pr  MiiTOala  it  U  purely  a 

lpQigltiid.and  in  the  rabhit 

ypiineft  pig  It  ia  purely  a. 

El  gland.    Similar  differ- 

■liaFe  already  been  noticed 

WO)  in  the  BiiisUl  glands  of 

loQigne.    In  the  guinea  pig 

i  mxe  nnall  fiat  mttcoufi  glands  of  tubular  Rtmctorc  connected  both  to  the 

Md  and  sabmaxilkry,  one  to  each,  and  sending  their  ducts  to  opcm  into  the 

i  of  tlioae  glands  (Klein). 

Cucons  alveolL— In  the  mucous  glands  and  mucous  alveoli  of  mixed 
d&  most  of  the  alveolar  cells,  when  the  gland  is  in  the  inactive  con- 
m,  appear  large,  clear,  and  almost  spheroidal  in  ehape,  and  nearly 
ihe  alveoh,  which  are  distended  by  the  cells  (right-hand  side  of  lig, 
)l  The  nucleus  of  each  cell  is  in  the  part  of  the  cx*ll  next  to  the 
ment  membrane,  against  which  it  is  generally  flattenefl,  and  tlie  cells 
canse  the  basement  membrane  to  he  bulged  out  opposite  to  them. 
ttOTarations  hardened  in  alcohol,  the  cells  arc  finely  granular,  and 
I  Uie  exception  of  the  part  aromid  the  nucleus  are  scarcely  stained 
iinniiie  (fig.  505,  A). 

The^  isolated,  they  not  unfrecinently  exhibit  processes,  one  from  the 
7  each  cell :  the  projection  is  flattened  and  overlaps  the  base  of  a 
Qg  cell  (Kolliker).     The  yieculiar  clear  appearance  of  these 
I  10  due  to  the  accumulation  within  them  of  mucin  (or  of  a  sob- 
loe  *'  mucigen  *'  from  which  mucin  is  fonned ) ;  this  substance  Is  pre- 
by  acids,  but  swollen  up,  and  the  cells  are  destroyed,  by  tlie 
i  of  water  or  alkaliasi 


Igl^  THE    SAUVAEY 

Besides  the  *'  mucin  cells  "  then!  are  met  witli  m  most  alvei 
irlands,  cells  of  a  different  cliamcter,  which  from  their  fKJsitk  _  ^ 
named  ^'marginal  cells.**  In  some  mucous  glands,  e.g.,  the  subm^xi 
the  cat,  they  tbmi  an  almost  complete  outer  layer,  next  to^  th©^  fan 
membrane,  and  enclosing  the  mucin-cclls,  but  in  the  dog*s  BDtmii 
jrland  they  occur  only  in  small  semilunar  masses  (lunulae  of  6a 
flattened  up  between  the  basement  membrane  and  the  macin-cd 
505,  A  ;  fig,  507,  «).  These  marginal-eells  are  small  and  graniili 
fit^  deeply  with  cannine. 

Fig.  505. 
A  B 


'\. 


'^ 


Fig.  505.— Sections  of  the  anuTtAL  OLAiru  or  Tin  Doa.    A,  i»frmnro 
A  FHRioii  or  ACTIYITT  (HeldenfaAin  &fter  LftrdoT^}* 

In  Kf  the  cellii  of  tliQ  alreoli  are  large  and  clear,  being  lUled  wiUi 
mcretion  (itt  tbb  case,  mocigen)  which  obscures  tlieir  protopJaaiB,  bol 
hAve  not  poj-ticiptited  in  the  fonnation  of  the  tocretioii,  and  tliCBO  i^ 
prDtoplaMTniCj  forming  the  crcacentic  group  iKen  in  moat  of  the  alreoJL 

In  n,  the  ftccumuliiktcd  raaterial  is  disohii]::ged  from  the  cells,  which 
dijtiutegrated  in  conseqiicDce.  Both  the  oell«  and  the  aUeoU  are  mach 
protoplaiim  of  aU  the  ceU«  b  now  apparent. 


ttbei 


If  the  mttconfl  glandii  are  stinmUtcd  to  Beoretlon,  the 
gmdaaUj^  iinmUer  and  less  clear,  ibenr  contenti  being  exuded  la  Iht  i 
mucus,  which  first  filU  the  cukYity  of  the  alveoliid  and  then  paMOi  4B  I 
duct.  At  the  »ame  time  the  celk  are  easily  etamed  with  canslJlt  M 
naeki  are  no  longer  flattened,  but  aasame  a  more  rounded  form  laid 
poBttion  (fig.  505,  B).  If  the  gland  be  strongly  tirged  to  actiritj  a*  by  jv 
tttimulation  of  it^  cerebral  nerves,  tho  muoin-odU  may  nndei^o  ttitt  M 
fonnd  alteration?,  and  may  even  become  poftiany  or  wholly  dfaM^fOl 
remoTed  from  the  alyeolus  witJi  the  vecretion.  It  ia  unoataiii  «Mil 
whole  cell  may  thu.^  be  destroyed,  or  whether  the  part  snxTOundinc  ^ 
may  not  remain  nnd  regenerate  the  cell ;  thia  is  oeiiamly  the  cam  in  «ifli 
Hnall  mucous  glamk  ojf  the  moutli  in  which  no  oaiginAl  cell*  eaa  be  mM 
probuble  however  that  in  the  ealivary  glandi,  fiome  st  loa«t  of  Urn  i 
entirely  destroyed,  and  the  matginal  oell^  moltiplying'  and  ' 
aocrotion,  «enre  to  replace  those  which  are  thus  lost  In  tlili  mm^  i 
that,  even  while  the  discharge  of  eecretion  ia  etUI  |MDeiiih| 
aeecetiDg'  oellu  are  forming,  at  the  eame  tune  that  some  of  iJbe  0kkr  « 
bdng  destroyed  (Heidenhain). 


Serous  alveoli* — ^In  the  serous  glands  and  scraiis  ■htxdl  rf 
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he  cells,  in  the  inactive  condition  of  the  glands,  are  in  the  fresh  con- 
ad  in  osmic  preparations  seen  to  be  packed  full  of  distinct  grannkB, 
bmninoQS  nature,  which  obscnre  their  nuclei.  The  grannies  are 
A  in  the  protoplasm  of  the  cells  and  the  latter  almost  completely 
ilveoli,  scarcely  any  lumen  being  discernible  (fig.  50G,  A). 

Fig.  506. 


1^^ — AlTXOLX    Off  8IBOU8   OLAHTS.    A,    AT    REST.    B,    AFTER    A    SHORT    PKRIOD 
C,  AFTIR  A  PROLOHQKD  PKRIOD  OF  ACTIVITr.      (LoDglcy.) 

i  «li€vtt  period  of  activity  the  granules  ore  found  to  have  disappeared  in 

r  tMitt  of  the  cell,  the  inner  part  being  stiU  distinctly  granular  and  some 

i  being  apimrently  free  within  the  Inmen  of  the  alveolus,  now  becoming' 

[(lllf/MH^.  B).      With   more  prolonged   activity  (fig.   500,  C)  the  clear 

;  lacr«afi€3  m  extent,  and  the  granules  are  found  only  in  the  part  of  the 

I  ilctoe  to  the  lumen,  and  in  those  parts  which  are  contiguous  to  the 

I  eeUs,  (oorresponding  perhaps  to  fine  capillary  clefts  which  pass  from  the 

f  the  alveolus  between  the  cells).    The  nuclei  have  now  become  distinct. 


'.—Section  of  the 

JOLLARr  0LA5D  OF 
MM,  5H0WINQ  THE 
3iCEXE5T  OF   A    DUCT 

IE    ALVEOU.      Mao- 

>       425       DIAICETERS. 

of  the  alveoli,  several 
I  are  in  the  section 
iroaped  arouod  the 
sement  of  the  dact,  <f ; 
fwliu,  not  opened  by 
m ;  6,  basement  mem* 
nciion ;  e,  interetitial 
rs  tinue  of  the  gland ; 
i  of  a  doct  which  has 
vaj  from  the  alveoli, 
yw  lined  with  charac- 
Ij^striated  columnar 
■emilonar  group  of 
aiAed  cells  at  the 
f  of  an  alveolus. 
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cells  are  smaller.  We  may  suppose  therefore  that  the  granules,  which  no 
ontain  the  specific  elements  of  the  secretion,  are  formed  by  or  from  the 
Mm  of  the  cells  during  rest,  and  are  discharged  into  the  lumen  and  dissolved 
activity.  Probably  however  even  during  activity  new  granules  are  con- 
being  formed  and  passed  onwards  towards  the  lumen.  Accotdmg  to 
,  the  three  prooeaBes  of  growth  of  the  clear  piotoplasin,  oonTexrifia.  C(L 
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tills  into  granules,  and  discharge  of   iht^BG  into  the  losien,  u«  mH  p 
emult&neoufily  in  different  parts  of  tlio  cell  during  activity. 

In  glandrt  whick  have  been  hardene<l  In  alcohol  the  gnmuleii  ftro  foa 
dlaBolved  and  their  place  oconpied  by  a  clear  substHDoe  which  dooi 
with  carmine. 

Janets. — III  the  serous  glands^  and  serous  parts  of  mixed  gkri 
first  or  ittkrcfthu'i/  part  of  Ike  dud  which  coovcjb  the  a 
tlie  alveuli  is  narrow,  iiiid  lined  with  eleur  fljitteiied  cells  with  eh 
nuclei.  Alter  a  louder  or  siiorti-r  course,  this  part  passis  Ijri 
whdX  naiTower  *'neck»'*  lined  with  cubical  cella  with  small 
the  inirahihnlar  ducts  (Klein), 

Tn  tliG  m!ic<4iB  ".Hands  the  intercalary  ducts  arc  aleo  ItiM^  (fijr. 
with  dear  cells  coutinuoiia  with  the  ccUb  of  the  alveulr,  hut  d 
against  tlie  basement  memhraiie  so  aa  to  leave  a  considemhle  hzxa 


r 


This  first  part  of  the  duct  ib  generallj  shorter  than  the 
the  serous  glands,  and  is  regarde<l  hy  Klein  as  repre«enting>  ckdI^ 
termed  the  **  neck  ;  ""  more  probablj,  however,  it  must  be  locked  wpM  1 
aentiug  both  partci^  although  thej  ore  not  here  so  desu-lj  diUmiiliili 
intercaliuy  part  of  the  ducts  is  described  by  Kleiii  aa  bem^  lined,  «l 
epithdkim,  by  a  special  delicate  nucleated  membrane,  which  is 
ctontiuued  into  the  intralobular  duetto 

In  the  next  or  inlrahhihr  pari  of  ike  dud  (fi^»  507,  d)  the  d 
of  the  epithelium  changes  abruptly,  the  cells  becoming  large  and  ee 
or  conicah  the  rounded  or  truncated  apex  being  directed  WWB 
lumen  of  the  tube.  Each  cell  contains  a  Bpherical  nnckof 
centre  (fig.  bUH,  a).    The  part  of  the  cell  next  the  lumea  of 

Fig.  503. 


Fig.    503,— St  MATED  xpitntLicx    ckll, 

AALtVART  OLAJtD  ;    UIOULT    MAOKIFUlt. 

gVf  gmnulfir  protoplaim  ;  j6v  ttrt9  ;  n,  nneleii. 


is  granular  in  character,  whereas  the  part 
haseuient    memhnuie    is    finely  striated 
nally.       This  striated  appearance  is  moi 
the  dnctg  of  ^he  submaxillary  gland;  it  is  due  to  the  pmenoill 
like  or  fibrillar  Structure  in  that  part  of  the  cell. 

The  larger  diicta  acquire  a  coating  of  fibrous  and  clastic 


the  basement  membnine,  and,  except  in  thcisc  of  the  sabltogual  | 
few  plain  muscular  filire-oells  are  also  to  W  found •  The  colmn 
thelium  is  here  doul)Ie,  a  second  rc»w  consisting  of  somewhtf  I 
cells  lying  outside,  and  fitting  between,  the  elongated  edii  ill 
continuous  with  those  of  the  smaller  ducts.  ^ 

"Venaala  and  nerves.— The  blood  ^Teasels  of  the  iialiTarj  glanos  tjw 
and  form  a  clo^  capillary  network  outside  the  basement  a<nlMBait 
alveoli  and  the  ducU. 

The  lymphatics  commence  in  the  form  of  lacunar  clefts  faH««a  ■ 
the  alveoli,   lying   closer   to  tbeae   than   do  the  nctworka  of  *-' " 
(Giantuzi).     The  insuing  lymphatics  accompany  the  bloed-^r«Hilv  mp 

The  nenre»  are  largti  and  nuiaerou»»  and  many  of  th#y|ii  ^M^Jt^itfi  ^tf 
cq>edaU^  thoeo  in  the  dog*s  HubmaxtUary.  Tb«^ro  are  feww  tb  tki 
naxiUary  gland,  and  no  ganglia  in  the  parotid  (Klein),    t^iome 


leofUMsW 


THE   PHAEYNX.  583 

I  to  terminate  in  Pacinian  corpuscles  of  a  simple  kind  (Krause),  and  many 

i  sopply  the  blood-yessels.    There  are  good  reasons  for  believing  that  the 

\  come  into  intimate  reladon  with  the  secreting  cells  of  the  glands,  bat 

i  majoner  such  connection  may  occur  is  not  known.    According  to  Pflflger, 

at  membrane  of  the  alveoli,  as  well  as  of  the  ducts,  is  perforated  by 

f  which  lose  their  medullary  sheath,  and,  breaking  up  into  a  numb^ 

hes,  become  connected  with  the  cells.    Other  observers,  however,  have 

|[to  conoborate  these  statements. 

^lUeint  Literature  of  the  saliyary  glands  is  comprised  in  the  list  of  works  given 
!lke  article  '*  Secreting  Ghuds."  To  these  may  be  added  a  recent  paper  by  Klein, 
i  "Quarterly  Journal  for  Micros(M)pical  Science,"  April,  1882. 

THE   FHABYKX. 

phazjBZ  (fig.  509)  extends  from  the  base  of  the  skull  to  the 
border  of  the  cricoid  cartilage,  and  forms  a  sac  continned  at  the 
end  into  the  goUet,  with  apertures  in  front,  which  lead  into  the 
aioai^  and  larynx.  The  velum  projects  backwards  into  it,  and 
_  die  passage  of  the  food  is  drawn  backwards  by  muscular  action 
oompletel^  to  separate  an  upper  from  a  lower  part.  In  all,  seven 
lead  into  the  cavity  of  the  pharynx ;  viz.,  above  the  velum, 
tiro  posterior  openings  of  the  nares  {choana  fiarium),  and  at  the 
i  Uie  apertures  of  the  Eustachian  tubes  (fig.  509,  10);  while 
IV  the  veluniy  there  is  first  the  passage  leading  from  the  mouth; 
I  &e  superior  opening  of  the  larynx,  and  lastly  the  passage  into 
UMphagus. 

lie  pharynx  is  about  4i  inches  in  length,  and  is  considerably  wider 
Imb  than  from  before  backwards.  ^  Its  widest  part  is  opposite  the 
Una  of  the  hyoid  bone ;  below  this  it  rapidlv  contracts  like  a  funnel 
mk  its  termination  in  the  gullet,  opposite  the  cricoid  cartilage,  where 
I  narrowest. 

be  poeterior  waU  of  the  pharynx  at  its  npper  end  forms  a  cnl-de-sac  on  each 
oppoaite  the  tip  of  the  petrous  bone,  and  lies  in  a  corye,  with  its  convezi^ 
rmidB,  in  front  of  the  recti  capitis  antici  muscles. 

kiteelimeiitff. — The  walls  of  tlie  pharynx  are  formed  by  a  fascia  or 
ar  of  fibrous  tissue,  named  the  pharyngeal  aponeurosis,  dense  at  its 
ler  part  but  lax  and  weak  below,  which  is  covered  by  muscles  and 
id  by  mucous  membrane.  At  its  upper  end  this  fibrous  wall  is  attached 
Sie  posterior  part  of  the  body  of  the  sphenoid  bone,  and  passes  out- 
cde  to  the  petrous  portion  of  the  temporal  bone  and  on  to  the  Eustachian 
le.  It  is  strengthened  in  the  middle  line  by  a  strong  band  descending 
iWeen  the  recti  antici  muscles  from  a  part  of  the  basilar  process  of  the 
ifital  bone,  which  often  presents  a  marked  tubercle  {pliaryngeal 
iereU,  see  vol.  i.)* 

Bdiind,  the  pharynx  is  loosely  connected  by  areolar  tissue  to  the  pre- 
itehral  fioficia  covering  the  bodies  of  the  cervical  vertebrsB  and  the  muscles 
ich  rest  upon  them.  At  the  sides  it  has  similar  connections  with  che 
loid  process  and  its  muscles,  and  with  the  sheaths  of  the  large  vessels 
I  nerves  of  the  neck.  In  front,  it  is  attached  in  succession  to  the  sides 
tlie  posterior  nares,  the  mouth  and  the  larynx. 

lof  commencing  above  by  a  tendinous  structure  only,  the  pharynx  is  connected 
BMOis  of  miiBcle  and  &hrou3  znemhrane,  first,  with  the  intenxal  'pter;f|S^\dL\J^aSM 


Fig.  509.— Mkdias  BicnoK  of  the  MorrH  ako  piuL*Y7rx  (S 

1  to  8,  retiite  te  parte  in  oonnoctioa  tiHth  tli«  noetnli ;  9,  upper  or 
tlte  pharynx  ;  10,  njioittirc  of  the  left  KustAchum  tube  ;  11,  depuwIiMi 
nmnbrHnc  ;  12,  vehiin  pnlati ;  13,  13,  vestibulum  om;  II,  ij^  ti 
"paco  at  the  bark  of  the  denial  series  j  KS,  17,  tongue;  18,  ee&k>-(l«  _, 
hjdfi ;  20,  mylo-hjoia,  cut  ;  21,  22,  anterior  ftnd  poateinor  pilkn  o|  1^  iami 
tonsil ;  24,  poatcnor  vertical  part  of  the  ton|£iie  ;  £5»  its  gludular  uummtm  4 
preatioiia ;  26,  27,  luwer  p«rt  of  the  phurjUM^ ;  2d  to  37,  ttUn  to  puti  if  fc  I 
30,  opiglottii. 

I 

The  mncmm  metnhram  is  conttnuous  at  the  BerenO  aperttoci  n^ 
of  the  adjfiecot  ca\ities.  It  varies  somewhat  in  its  character  &i  M 
parU.  Its  upper  ^>ortion,  which  presunU  DUioeroQB  fold«  witli  irt| 
log  reomes,  ia  thick  where  it  adJieres  to  the  h^m  of  the  £kiill,tal| 
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the  entrance  of  the  Eustachian  tubes  and  the  posterior  nares  • 
litoation  numerous  racemose  mucous  glands  are  found  collected 
V  beneath  the  mucous  membrane.  Lymphoid  follicles  also  exist 
loat  the  whole  of  the  phaiynx. 

potidii  of  these,  forming  a  glandular  mass  similar  to  that  composiag  the 
■kDelches  across  the  back  of  the  pharyngeal  cavity  between  the  orifices  of 
Snatachian  tubes  (Kolliker). 

tiirked  recess  of  the  mucous  membrane,  known  as  the  bursa  pharyngeay 
•  oosutant  in  the  foetus  and  young  subject,  is  occasionaUy  present  in  the 
k  tbe  middle  line  posteriorly,  extending  as  far  upwards  as  the  pharyngeal 
L  It  opens  by  a  narrowed  orifice  below  the  glandular  mass  just  mentioned, 
n  V.  Teutlehen,  "Die  TubentonsiUe,  in  Zeitschr.  f.  Anat.  u.  Entw.,  1876 ; 
wtghofneTf  Ue.  d.  Tonsilla  u.  Bursa  pharyngea,  in  Wiener  Sitzungsb. 
EL  1878).  (For  the  description  of  a  remarkable  case  of  lateral  diverticn- 
tbe  pharynx,  see  a  paper  by  M.  Watson  in  the  Journal  of  Anat.  and 
,  1874.) 

hd  port  opposite  the  fences,  the  mucous  membrane  exactly  resembles 
f  tfie  moQtn.  Lower  down  it  becomes  paler,  and  at  the  back  of  the 
ft  IbnDB  several  longitudinal  folds.  The  epithelium  upon  the  upper 
I  of  the  pharynx,  nearly  as  low  down  as  the  base  of  the  uvula,  is 
lar  and  cfliated ;  but,  below  that  point,  it  is  scalj  and  stratified. 
foetus  the  ciliated  epithelium  has  a  more  extensive  distribution, 
often  persists  in  the  recesses  and  gland  ducts  of  all  parts  of  the 
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I  cMwpluigiui  or  gnllety  the  passage  leading  from  the  pharynx  to 
>mach,  commences  at  the  cricoid  cartilage  opposite  the  sixth  cer- 
rertebra,  and  passing  through  the  diaphragm  opposite  the  tenth 
renth  dorsal  vertebrae,  there  ends  by  opening  into  the  stomach. 
)  length  of  the  oesophagus  is  about  9  or  10  inches.  It  is  of  smaller 
ter  than  any  other  division  of  the  alimentary  canal,  its  narrowest 
eing  at  the  conmiencement  behind  the  cricoid  cartilage  ;  it  is  also 
[y  constricted  in  passing  through  the  diaphragm,  but,  below  that, 
B  into  the  stomach.  It  is  not  quite  straight  in  its  direction,  but 
xee  slight  curvatures.  One  of  these  is  an  antero-posterior  flexure, 
ponding  with  that  of  the  vertebral  colunm  in  the  neck  and  thorax, 
ther  two  are  slight  lateral  curves ;  for  the  oesophagus,  commencing 
t  median  line,  inclines  to  the  left  side  as  it  descends  to  the  root  of  the 
thence  to  the  fifth  dorsal  vertebra  it  gradually  resumes  the  mesial 
m ;  and  finally,  it  deviates  again  to  the  left,  at  the  same  time 
ig  forward  towards  the  oesophageal  opening  of  the  diaphragm. 
naetioiui. — In  the  lower  cervical  and  upper  dorsal  region  the 
u^us  is  applied  to  the  anterior  surface  of  the  spine,  being  connected 
it  and  with  the  longus  colli  muscle  by  loose  areolar  tissue  ;  between 
.  the  bodies  of  the  dorsal  vertebrae  the  thoracic  duct  ascends  obliquely 
rkht  to  left  ;  in  its  lower  third  it  is  placed  in  front  of  the  aorta.  In 
)CK,  the  oesophagus  lies  close  behind  the  trachea,  (projecting  about 
cter  of  an  inch  to  the  left  of  that  tube),  and  the  recurrent  laryngeal 
aicends  on  either  side  in  the  angle  between  them ;  on  each  side  is 
mmon  carotid  artery,  and  also  a  part  of  the  thyroid  )x)dy,  but,  as 
wpliagus  inclines  to  the  left  side,  it  is  in  more  immediate  connection 
tbd  left  carotid.    In  the  thorax,  the  oesophagus  is  anccesexvd^ 
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covered  m  front  by  the  lower  part  of  tlie  trachea,  by  the  con 
of  the  left  bronchos,  and  by  the  pericardium.     The  aorta,  exrfpt  d 
diaphra^ii,  where  the  a^i^phatriis  is  in  front  of  the  vieseel,  ha  tal 
ana  the  vena  azygos  to  the  right  ami  behind ;  the  pneumogBfltril 
descend  in  close  contact  with  its  sides^  and  form  a  plexus  aroaoll 
loft  ncTTC  proca^dinj:^  gTadnally  to  the  front,  and  the  right  Derreif 
behind  it.     Lastly,  the  oesophogns,  which  is  here  placed  in  tbeii 
between  tlic  two  plciii*£e,  comes  partially  in  contact  mth  both  of  I 
membranes  hut  more  extensively  on  the  right  side. 


BTRUOTTTHB    OF    THB    CElBOPSAQUd. 

The  walla  of  the  gnllct  are  composed  of  three  coats  ;  viz.,  an  \ 
or  mnscidar,  a  middle  or  areolar,  and  an  internal  or  mucous  coat 
eidc  the  musciiliu:  coat  there  is  a  layer  of  areolar  tissue,  with  well i 
elastic  fibres. 

The  mtuiciilftr  coat  cooBists  of  an  txiernal  Jongiludifial  tm/rriB 
section  in  fig.  510,  b)  and  an  infenial  circnlar  layer  (t),    Thii  1 
arrangement  of  the  mnscnkr  fibres  prevails  throughout  the  wbokl 
of  the  alimentary  canal ;  but  the  two  layers  are  here  much  tlilttEr,^ 
uniformly  disposed,  and  more  evident  than  in  any  other  parti  i " 
quite  at  the  lower  end  of  the  intestine.    The  external  or  '    * 
nbres  are  diaposed  at  the  commencement  of  the  tube  in  time  I 


Fig.  510. 


^^^^^^^^S^^^ 


Fig.  510. — Sectioji  Of  ' 

The  f«oction  ia  tnnifene*  ■'i 
near  the  middle  of  ^  { 
fibrous  <^veriiig  ;  h^  difill 
tho  longitudtDa]  mtuEiiW  I 
trans veRc  moBCuUr  fibreiH 
iijucoiu  or  BTOotar  Ujcr;  <bi 
iariA  miicoRP ;  ft 
brane,  with  ressela  wsA  f^^ 
lymphoid  nodule ;  j,  btnttiiwH 
the! id  lining ;  A,  nm 
ghind  iluct;  ^^  itriildi 
fibrea  cut  iiffoas. 

one  in  front,  and  onefl 
side.  The  lateral  baoil 
tinnoua  above  with  ttei 
constrictor  of  the  phuij^ 
anted  or  arises  from  l' 
the  cricoid  cartilage illJjPj 
mineut  ridge  betirecn  y^  I 


"i^«d 


terior  crico-arytenoid  t 
and  its  fihrca  8pi«a«&**  1 
on  each  Bide  of  tk  r*^    ' 
they  descend,  «x«i 
those   of   the  lateral 
to  form   a  continti 
aroiind  the  tuho.    The  direction  of  many  of  the  fihixs  is  at  1 
oblique,  but  towards  the  lower  cod  it  is  more  directly  1 
The  intenial  or  n'mtlar  fibres  are  separated  above  by  the  1 
lateral  longitudinal  handa  from   those  of   the  inferior  con 
the  pharynx.    1\ie  tVw^ia  ^\i\di\)&K^  l«rai^^^v\AWift  tabe  hiTi 
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tion  afc  its  upper  and  lower  part,  but  in  the  intervening  space 
oblique.    At  the  lower  end,  both  layers  of  fibres  become 
with  those  of  the  stomach. 

3ular  coat  of  the  upper  end  of  the  oesophagus  is  of  a  well- 
colour,  and  consists  wholly  of  striped  muscular  fibres  ;  but 
,  where  it  becomes  somewnat  paler,  these  are  gradually  re- 
lain  muscular  fibres,  so  that  in  the  lower  half  of  the  tube  the 
most  all  of  the  involuntary  kind.  A  few  striped  fibres,  how- 
>een  found  mixed  with  the  others  throughout  its  whole  length, 
y  mammals  the  striped  fibres  preponderate  throughout. 

idinal  fibtes  of  the  cesophagfiis  aie  sometimes  joined  by  a  broad  band  of 
le,  passing  from  the  left  pleura,  and  sometimes  also  by  another  from 
kchns.  According  to  Cunningham,  the  former  is  almost  constantly 
the  latter  yeiy  frequently. 

liar  or  snbmncoiui  coat  is  placed  between  the  muscular  and 
kts,  and  connects  them  loosely  together.  It  exceeds  the 
nbrane  considerably  in  thickness,  and  in  it  are  contained  the 
510,  h)j  which  open  on  the  mucous  membrane. 
0118  memteane  is  of  firm  texture,  and  is  paler  in  colour  than 
phaiynx  or  stomach.  From  its  loose  connections  its  outer 
reely  movable  on  the  muscular  tunic ;  and  under  ordinary 
«8  the  mucous  lining  is  thrown  into  longitudinal  folds  or 
\  are  in  mutual  contact.    These  folds  disappear  on  distension 

MipillsB  (/)  are  seen  upon  the  mucous  membrane,  and  the 
^ered  with  a  thick  stratified  scaly  epithelium.  In  the  embryo 
period  the  oesophagus  is  lined  by  columnar  ciliated  epithelium 
,  patches  of  wnich  may  persist  even  to  the  time  of  birth 

n  oompound  racemose  or  tubulo-racemose  glands,  named 
glands,  which  are  for  the  most  part  seated  in  the  submucous 
re  especially  numerous  at  the  lower  end  of  the  tube.  A  few  of 
are  situated  in  the  substance  of  the  mucous  membrane.  In 
Is  of  tliese  glands  are  columnar  (Klein). 
»as  membrane  is  bounded  next  to  the  submucous  coat  by  longi- 
sposed  plain  muscular  fibres  which,  imperfect  above,  form  a 
layer  towards  the  lower  end  of  the  tube  (muscularis  mucoscB,  e). 

t  the  oesophagus  in  part  of  its  extent,  without  other  abnormality, 
nded  (Blaes,  quoted  by  Meckel). 

id  nerves.— The  blood-vessels  of  the  oesophagus  have  for  the  most 
ndinal  arrangement.  There  are  separate  networks  for  the  mucous 
be  muscularis  mucosae  and  the  muscular  coat,  and  the  glands  and 
which  are  met  with  in  the  submucosa  have  each  their  capillary 
vphaticM  are  found  in  both  the  submucous  and  mucous  coats,  those  of 
imencing  as  in  the  mouth  and  pharynx  within  the  papiUse.  A  small 
rmphoid  tissue  is  also  present.  Both  here  and  in  the  pharynx  the 
3  mucous  glands  are  invested  by  sinus-like  lymphatic  vessels  (Kidd). 
irm  a  gangliated  plexus  between  the  two  layers  of  the  muscular  coat, 
irta  of  the  alimentary  canal,  but  it  is  characterised  by  the  compara- 
Bse  of  the  groups  of  ganglion-cells  and  of  the  cells  themselves,  and 
fact  that  it  contains  a  large  number  of  medullated  nerve-fibres 
n  the  pneumo-gastric  nerves).  Each  of  these  fibres  in  passing  a 
oined  hj  a  non-medoUated  Qhre  derived  from  one  of  the  c«iV\»  ol  \&ift 
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ganglion,  a  T  shaped  jtmctiou  being  formed,  as  in  the  case  of  the  1ii|i| 
on  the  posterior  roots  of  the  spinal  nerves.    The  mednllated  fibre  then  | 
and  after  branching  a  certain  number  of  times,  is  finally  distributed  in  lie  i 
tissne  in  the  striped  fibres  of  which  it  terminates  in  the  form  of  end-plite^ 
ordinary  type  (Banvier).    There  is  another  nenrons  plezna  in  tibe  i 
tissne. 

Becent  Ziiterature.— (jiZ7«fto,  in  Jonm.  de  I'anatb,   1872  (timiqiie  i 
MotUon^  in  Rev.  d.  sci.  m^d.,  1874  (calibre);  CunninghtimL,  in  Jonm.  di 
Fbys.,  X.,  1876  ;  Neumann,  in  Arch.  f.  mikr.  Anat.,  XII.,  1876  ;  Klam^  'rkf^\ 
micr.  sci.,  XX.,  1880  ;  Ranvier^  Le90]i8,  1880  (nerves  and  mnscnlar  eotlX 
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As  that  part  of  the  digestive  canal  which  is  fonnd  beneath  ttij 
phragm,  and  consists  of  the  stomach  and  intestines,  is  sitaated 
the  cavity  of  the  abdomen,  and  occupies,  together  with  the  liver, 
the  greater  part  of  that  cavity,  the  general  topographic  relatiooi 
abdominal  viscera  may  here  be  briefly  explained. 

THE    ABDOMEN. 

The  abdomen  is  the  largest  serous  cavity  in  the  body,  and  k  1 
by  an  extensive  and  complicated  serous  membrane,  named  tiie{ 
toneum.  It  extends  from  the  diaphragm  above  to  the  levBtonij 
muscles  below,  and  is  subdivided  into  two  parts  :  an  upper  and  I 
part,  the  abdomen,  properly  so  called ;  and  a  lower  or  pekk  j 
The  limits  between  these  portions  of  the  cavity  are  marked  by  tliel 
of  the  true  pelvis. 

The  enclosing  walls  of  this  cavity  are  formed  principally  of  ma 
tendons  which  have  been  already  described.    They  are  streng^ened  ' 
by  a  layer  of  fibrous  tissne  lying  between  the  mnscles  and  the  pcritoDOiBtl 
different  parts  of  which  are  described  nnder  the  names  of  txansrenaliiftrf 
iliac  fascia,  and  anterior  layer  of  the  lumbar  aponeurosis^      These  ^v^Df  *| 
pierced  by  several  apertures,  through  which  are  transmitted  the  great  i 
some  other  parts,  such  as  the  several  diaphragmatic  apertures  for  the  a 
cava  and  oesophagus,  and  the  femoral  arches  and  inguinal  canals.    Inth»i 
fibrous  substance  of  the  anterior  wall  lies  the  umbilical  cicatrix.    Tbe  en  . 
the  pelvis  is  also  lined  with  strong  fasciss,  and  partially  by  peritoneum,  aBd^j 
lower  part  are  the  apertures  for  the  transmission  of  the  rectum  and  tiie  f^  j 
urinary  passages. 

For  the  purpose  of  enabling  reference  to  be  made  to  the  sitoataon  t 
tion  of  the  contained  organs,  the  abdomen  proper  has  been  artificiaUy  i 
into  certain  regions,  the  boundaries  of  which  are  indicated  by  lines  di»wi^-| 
the  surface  of  the  body.    The  description  of  these  regions,  together  wift  • 
enumeration  of  their  contents,  has  been  given  at  the  end  of  the  first  Tolnaa 

The  surfaces  of  the  viscera  which  are  in  contact  one  with  anotiffjjj 
with  the  wall  of  the  cavity,  are  rendered  glistening  by  a  coating  W'* 
from  the  lining  serous  membrane  of  the  cavity. 

THB    PBRITOMSUIC. 

The  peritoneum,  or  serous  membrane  of  the  abdominal  ca?ilyii»J!r 
far  the  most  extensive  and  complicated  of  the  serous  membranes.  I** 
the  others  it  may  be  considered  to  form  a  shut  sac,  but  in  the  ^^0*'^? 
two  Fallopian  tubes  open  at  their  free  extremities  into  its  cavitf.  "f 
parietal  layer  ia  cohh^cXj^^  m^  ^'^  ^^%ft^^MiMSk%\iia  abdomen  m  !*• 
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\  of  areolar  tissue  ^subperitoneal);  it  is  more  firmly  adherent  along 

'le  line  of  the  boay  in  front,  as  well  as  to  the  under  surface  of 

iragUL    The  visceral  layer,  which  is  thinner  than  the  other, 

r*  more  or  less  complete  covering  to  most  of  the  abdominal  and 


r  of  the  peritonenm  are  of  various  kinds.    Some  of  them,  constitatiiig' 

terieSf  connect  certain  portions  of  the  intestinal  canal  with  the  posterior 

(tlie  abdomen ;  they  are,  the  mesentery  properlj  so  caUed  for  the  jejnnmn 

ft,  the  meso-csecmn,  transverse  and  sigmoid  meso-colon,  and  the  meso- 

Other  dnplicatores  exist,  which  are  coUed  omenta ;  they  are  the  great 

i  or  epiloon,  the  smaU  omentum,  and  the  gastro-splenic  omentum.   Lastly, 

Inflexions  of  the  i>eritoneum  from  the  walls  of  the  abdomen  or  pelvis  to 

^  which  are  not  portions  of  the  intestinal  canal,  are  named  ligainentt :  snch 

^ligaments  of  the  liver,  spleen,  uterus,  and  bladder. 

her  account  of  the  peritoneum  will  be  deferred  until  the  abdominal 
^liave  been  described. 


THE   STOMACH. 

3ie  Btomaeh  is  seated  in  the  left  hypochondriac  and  the  epigastric 
It  lies  in  part  against  the  anterior  wall  of  the  abdomen,  and 
\  beneath  the  hver  and  diaphragm,  and  above  the  transverse  colon. 
Ig  axis,  which  is  curved,  is  not  horizontal  in  position,  but  lies  ob- 
^,  being  considerably  higher  on  the  left  side  than  on  the  right. 
Jduipe  it  is  somewhat  conical  or  pyriform  (fig.  511).    The  left 

Sis  the  larger,  and  is  named  the  cardial  end.  The  right  or 
is  named  the  pyloric  extremity  (^).  Of  its  two  orifices,  the  one 
.  koh  food  enters  fix)m  the  oesophagus  is  named  the  cardiac  orifice  {p\ 
Mher,  by  which  it  passes  into  the  duodenum,  and  which  is  placed  oa 
Per  level,  and  more  forwards,  is  thepi/loric  orific. 

fell.— DLiOaAMKATIO  OVTLIKE  OF  THK  STOMACH 
A8  8SSX   YBOX    BKHIND    (Hb).      i 


,  corratore ;  h,  lesser  curvatnre ;  c,  left 
>  cnl-de-flac,  or  fandus ;  d,  small  ciil-de« 
fcmm  pylori  ;    o,   oesophageal  orifice  or 
^9  F»  pjloric  extremi^. 

be  cardiac  orifice  is  two  or  three 
tt«  from  the  larger  extremity,  which 
^ets  upwards  and  to  the  left  of  the 
feSligy  forming  the  great  cul-de-sac  or 

^^tween  the  cardiac  and  the  pyloric  orifices,  the  outUne  of  the  stomach 
i^red  along  its  upper  and  lower  borders.  The  upper  border,  which 
%  also  to  the  right,  about  three  or  four  inches  in  length,  is  concave^ 
fcnnsthe  lesser  curvature  (b);  while  the  lower  border,  which  ia 
54i  longer,  and,  except  towards  the  pylorus,  convex,  forms  the  greater 
Juture  (a). 

towards  the  pylorus,  the  small  end  of  the  stomach  describes  a  double 
^  opposite  to  the  first  turn  of  which  is  a  prominence  or  bulging, 
^^imes  named  the  small  cul-de-sac  or  antrum  pylori  (d). 

hmce  is  sometimes  a  distinct  constriction  near  the  pyloric  end  of  the  stomach, 
^Kfectiy  separating  it  into  two  parts.     This  condition  may  be  in.  fs^en^ 


eterj 
)tli«| 
Jefl 
^a0^ 


^•^mmeiifiioiui. —  inem  xa^  greatly  m  omereuu  buujiiu 
siccording  to  the  state  of  distension  of  the  organ.  When 
filled,  its  length  is  about  10  or  12  inchcB  ;  and  its  diameterj 
part,  from  4  to  5  inchea.  It  weighs,  when  freed  from  othe 
4 1  ounces  in  the  male,  and  somewhat  Icbs  in  the  female  f 
The  wall  of  the  stomach  la  thinner  than  that  of  the  cesopha_ 
than  that,  of  the  intestines  f^enemlly.  It  is  thickest  at  the  jf 
Cotimectioiis. — The  borders  of  the  stomach  are  connecU 
of  peritoneum  in  their  whole  extent.  Thus,  the  enperic 
connected  with  the  nnder  surface  of  the  liver  by  a  duplicai 
toDCiim,  the  g astro-hepatic  or  lesser  omentum,  and  at  thfi 
cardia,  between  the  oesophagus  and  tlie  diaphragm,  ib  a  sma 
the  gagtro-phrenic  ligament ;  to  the  inferior  border  is  attJi 
omentmn,  beneath  which  is  the  transverse  arch  of  the  colo 
left  extremity  it  is  connected  with  the  ^leen  by  a  duplic 
neum,  continuous  with  the  left  border  of  the  great  omentiim,i 
gastro-splcnic  omentum  or  ligimient.  The  blood-vesselB  and 
of  the  stomach  pass  within  these  duphcatures  of  the  i 
the  organ  along  its  two  curvatures.  Its  anterior  and  J 
are  free,  smooth,  and  covered  with  peritoneum.  The" 
which  is  directed  npwarde  as  well  as  forwards,  is  in  coot 
the  diaphragm  and  tlie  under  surface  of  the  liver,  and  lowei 
the  abdominal  parietes  opposite  the  epigastric  region,  wM 
named  the  pit  of  the  stomacL  The  posterior  surface  is  tnmed 
and  backwards,  and  rests  upon  thu  transYerse  meso-colon,  h 
are  the  pancreas,  spleen,  left  kidney  and  supra-renal  bodyj" 
vessels  of  the  abdomen. 

At  its  cardiac  orifice  it  is  continuoufi  with  the  gnUe 
fixed  by  reflection  of  the  peritoneum  to  the  oesophageal  <  ^ 
diaphragm.    The  pyloric  extremity,  situated  lower  down," 
surface,  and  having  greater  freedom  of  motion,  is  contiu 
duodenum,  is  covered  by  the  concave  gurfuee  of  the  " 
cases  touches  the  neck  of  the  galJ- bladder. 


ini-^     -A.. 
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I  second  or  miuieiilar  coat,  is  composed  of  plain  mnscolar  tissne, 
^  three  sets  of  fibres,  disposed  in  layers,  and  named,  from  their 
imtiy  the  longitudinal,  the  circular,  and  the  oblique  fibres. 
I  first  or  outermost  layer  consists  of  the  longitudinal  fibres  (fig. 
My  fig.  518,  A),  which  are  in  direct  continuity  with  those  of  the 
■gas.    They  spread  out  in  a  radiating  manner  from  the  cardiac 

L— -BlAORAMlCATIO  YIIW  HT   PBR8PECTIYB 

VORTIOX   OP  THB  COATS  OP  THB  STOMACH  p.        ^«o 

MTODBXCM,      INCLUDIKQ      THB     PYLORUS  *^* 

mThomaan). 


rorhce  of  the  gastric  mncous 
■■•  ;  fff  section  of  the  mncons  membnine 
•jgrlerie  gastric  glands  ;  v,  the  TiUoossor- 
1m  mnoona  membrane  of  the  daodenam  : 
in  of  the  same  with  the  intestinal  glands 
fti  of  Lieberkiihn ;  j9|>,  the  ridge  of  the 

sing,  with  a  section  of  its  component 
sa  if  deep  or  circular  lajer  of  muacalar 

ttMse  are  seen  in  the  section  to  form  the 
iphincter :  m  e,  external  or  longitadinal 
f  ■raacnlar  fibres  ;  «,  the  serous  covering. 

i,  and  are  found  in  greatest  abundance  along  the  curvatures,  espe- 
.tfae  lesser  one.  On  the  anterior  and  posterior  surfaces  they  are 
Ihinly  scattered,  or  scarcely  to  be  founo,  but  towards  the  pylorus 
neO  marked  and  form  a  thick  uniform  layer,  which,  passing  over 
pjloms,  becomes  continuous  with  the  longitudinal  fibres  of  the 
mun. 

le  second  set  consists  of  the  circular  fibres  (fig.  512,  mt,  fig.  513,b) 
li  form  a  complete  layer  over  the  whole  extent  of  the  stomach. 
'  commence  by  small  and  thinly  scattered  rings  at  the  left  extremity 
e  great  cul-de-sac,  describe  larger  and  larger  circles  as  they  sur- 
1  the  body  of  the  stomach  concentric  to  its  curved  axis,  and 
ids  the  pyloric  end  again  form  smaller  rings,  and  at  the  same  time 
Boe  much  thicker  and  stronger  than  at  any  other  point.  At  the 
ms  itself  they  are  gathered  into  an  annular  bunale  (fig:  512  in 
on),  which  projects  inwards  into  the  cavity,  and  forms,  within 
mniilar  fold  of  mucous  membrane,  the  pyloric  sphincter.  Some  of 
sircular  fibres  appear  to  be  continued  from  those  of  the  oesophagus, 
iding  from  its  right  side. 

!ie  innermost  muscular  layer  is  incomplete,  and  consists  of  the 
11$  fibres  (fig.  513,  c).  These  are  continuous  with  the  circular  fibres 
18  gullet,  on  the  left  of  the  cardiac  orifice,  where  they  form  a  con- 
able  stratum  ;  from  that  place  they  descend  obliquely  upon  the  an- 
r  and  posterior  surfaces  of  the  stomach,  where  they  spread  out  from 
another,  and  taking  the  direction  of  the  circuko:  fibres  gradually 
fiear  on  the  greater  curvature. 

18  snlimncoiui  coat  of  the  stomach  is  a  distinct  layer  connecting 
anscular  and  mucous  coats  (fig.  512,  between  mi  and  g).  It  consists 
■eolar  tissue,  in  which  occasional  fat-cells  may  be  found  ;  and  it  is 
eat  of  division  and  passage  of  the  blood-vessek. 
le  internal  coat  or  mncons  membrane  is  a  smooth,  soft,  rather 
:  and  pulpy  membrane,  which  in  the  fresh  state  has  generally  a 
what  pink  hue  owing  to  the  blood  in  its  capillary  vessels.  In 
{Cj  the  vascular  redness  is  more  marked. 
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I  layer  so  loosely  as  to  allow  of  considerable  movement  or  displace- 
In  conseqaenoe  of  this,  and  of  the  want  of  elasticity  of  the 
m  membrane,  the  internal  surface  of  the  stomach,  when  that  organ 
a  empty  or  contracted  state,  is  thrown  into  numerous  convoluted 
f  rugcty  which  are  produced  by  the  wrinkling  of  the  mucous, 
0r  with  the  areolar  coat,  and  are  entirely  obliterated  by  disten- 
it  the  stomach.  These  folds  are  most  evident  along  the  greater 
bbre,  and  have  a  general  longitudinal  direction. 
OLamining  the  gastric  mucous  membrane  closely  with  the  aid  of  a 
» lexis,  it  is  seen  to  be  marked  throughout,  but  more  plainly  towards 
floric  extremity,  with  small  depressions  which  have  a  polygonal 
P  and  vary  from  about  ^^h  to  y^h  of  an  inch  across,  being 
»  and  more  oblong  near  the  pylorus.  They  are  the  enlarged  mouthS 
I  tabular  glands  with  which  the  mucous  membrane  of  the  stomach 


the  pyloric  regrlon  of  the  stomach  these  depressions  are  larger  and 
_  1  their  margins  are  elevated  into  pointed  processes,  which  might  be 
iVid  to  mdimentazy  villi,  but  the  perfect  forms  of  those  appendages  exist 
tat  tlie  smaU  intestine,  and  make  their  appearance  in  the  duodenum,  imme- 
^  begrond  the  pylorus. 

■Mhatinni  of  the  wnxtAC^. — The  thick  stratified  epithelium  of  the 
bigas  passes  abruptly  at  the  cardia  into  a  simple  layer  of  columnar 
eliiim,  which  completely  covers  the  inner  sur&ce  of  the  stomach, 

»X4. — KriTmuuM  of  thi  suiurAOi  ov  thk  btomach  ex-  Fig.  514. 

AMxnED  niBSH  (Heidenhain).    Hiohlt  xaorifizd. 

BEZtends  to  a  variable  distance  into  the  mouths  of 

BMtrio  glands.    The  transition  of  the  stratified 

tiie  columnar  epithelium  occurs  quite  suddenly, 

kmermost  columnar  cells  of  the  stratified  epithe- 

.  passing  into  the  single  columnar  layer  of  the  gastric  sur&ce,  and 

bft  other  layers  of  the  stratified  epithelium  ceasing  abruptly. 

ib  iflthdial  cells  of  the  surface  of  the  stomach  differ  in  some  respects  from 
r  epithelium  of  the  intestine.  They  are  more  elongated  in  form,  and 
\  conditions  of  the  organ  they  exhibit  two  parts,  the  attached  end  of 
being  granular,  the  free  part — that  turned  towards  the  inner  surface  of 
■eyan— occapied  by  a  clear,  muco-albuminous  substance  (mucigen).  Moreover, 
ft  k  no  striated  border  as  in  the  intestinal  cells.  The  clear  substance  swells 
la  discharged  from  the  cell  during  digestion,  leaving  empty  the  part  of  the 
"^riiich  contained  it,  and  a  similar  change  is  produced  by  water  and  various 
^  mgents.  Between  the  smaUer  ends  of  the  columnar  cells,  small,  round 
^il  cdls  occur  in  greater  or  less  number,  sometimes  in  smaU  nests  (Watney). 


\  glands. — ^As  was  first  shown  by  Sprott  Boyd,  the  surface  of 
stomach  within  the  depressions  above  mentioned  is  dotted  with  small 
Hd  apertures,  which  are  the  openings  of  minute  glandular  tubules, 
oed  perpendicularly  to  the  surface.  On  making  a  vertical  section 
:ite  membrane,  and  submitting  it  to  microscopic  examination,  it  is 
ti  to  consist  almost  entirely  of  these  small  tubules,  arranged  parallel 
h  each  other.  Each  mouth  or  duct,  together  with  the  tubules  which 
n  into  it,  constitutes  a  gastric  gland. 
Some  of  the  glands  may  be  simple,  consisting  of  a  singte  tubxiSii^ 

TOL  II.  q  (4 
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throujsfbout,  but  most  aro  cleft  Int^  two  or  three  tubule^  <€ 
the  branehiiifT^  of  these,  eventually  into  six  or  eight.  The  ^li 
externally  a  liagomi^ot  inembniiie,  composed  of  flattened  cells  joi 
to  cflge,  and  with  proceascB  whu-h  on  tlie  one  side  join  the 
tissue  of  the  miifous  membrane,  and  on  the  other  side,  uuott 
extend  in  amongst  and  bupport  the  enclosed  epitheliam  oelii. 

Two  kinds  of  glands  are  distingtiished,  which  differ  fromani 
both  in  the  character  of  the  enelc*sed  t*ells,  and,  it  is  beUered 
nature  of  their  secretion.  Those  of  the  one  kind  (fig, 
simpler  in  fitnicture  than  the  others^  and  being  found  moat  I 
in  the  pyloric  region,  they  have  been  named  pi^lcrk  glamb. 


Fig.  515. 


Fig.  515. — A   i^TLonio  aLijro,   FftOM  A 
iH)o'9  sToitACH  (Ebatein). 


m,  mouth  ;    n, 
cut  iraiiBTerMly. 


neck  ;   tr^  a  deep   poilnA  « 


dJ  Still  guished  by  the  large  size  snd  il 
the  gkiod-mouth  afi  compared  with  tlw 
which  o]R<n  into  it,  and  by  the  chanck 
epithelium  lining  the  tubules.  The  0 
the  gland  is  lined  throughout  by  an  qji 
which  is  continuous  with  and  siJniUtf 
eohimnar  epithelium  which  cover*  tint 
surface  of  ttie  st^jmach-  3ut  in  tlie  ti] 
the  gland  the  lining  cells  are  shotU*rii 
cubical,  and  areuniformly  finely  grannbrt 
<  jiit ;  moreover  they  are  filled  with  tecnp* 
difterent  nature  from  that  of  tbi 
epithelium. 

Amongst  the  oelLi  of  ihmt  gliads  tlMv  I 
f^iooallj  found  others  which  are  otmndtMKlmi 
coming  djurUjr  stained  with  oonio  mid  (Ks 
Th^j  were  suppoeed  to  repf«0eDt  Iht  ptfMl 
ttie  cardiac  glands  («ee  bdow),  tni$^ 
not  the  caee. 


IJ||£J 


In  the  glands  of  the  second  kind 
517) — which  may  be  termed  frc»m  Uiejwi 
the  stomach  where  they  iyccur  m'»et  noflM 
the  mrdiac  ghmh  (fundue-glaiidnof  Hoi 
oxyntic  •  giands  of  Lnngky) — tbt  tDOUtlw 
hoed  with  epithelium  hkc  that  of  tl»  < 
is  com|»aratively  short,  and  into  it  thi 
two,  three  or  more  tubules  which  ai-e  lined  throujfhout  and  ahM 
with  short  columnar  or  p«)lyhHlrdl  cells  :  these  cells  are  in  mfM\ 
similar  to  the  secreting  cells  of  the  pyloric  glands^  hot  nj%  a« 
ooaiBely  granular.  They  were  termed  by  Heidenhain  the  wiaci 
of  the  glands  ;  they  are  also  known  as  the  esntrai  feUs.  BcftM 
cdls  and  the  basement  membrane  of  the  tubule  other  eellaQf  a^ 


^  From  t\¥$t  add  ;  lioce  they  coatAUi  tba  colli  vtiich  produce  Uic  mai  d  1 


O. 


CAEDIAC   GLAKD8.  6% 

Kg,  617. 


CARDIAC  OLAFB  OF 
IM,    FROV   THR  BAf's 

-Aiigley). 

epithelinfD  of  the 
neck  of  tlie  gki&d 
and  pftriet&l  cells ; 
idaftf  oticupted  only 
or  ceQtral  cclb» 
the  gnumles  aocu- 
-de*  the  ImDen  of  th6 


'A  CAtLDuc  OLijrD  FBoii  TBI  doo'b  &ioiLkm.  (KldD  Mid  KobU  Smitli). 

fied. 
iooth  of  the  gUinl  ;  h^  Imsc  or  f unduji  of  one  of  its  iabiiks.     On  \)b«  n^\il 
Lnbole  wore  highif  magniMed  ;  c,  cenfcraJ  ceil  :  p,  p^et«d  cdi 
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nature  are  intorpolatdliii  the  cardiac  gkndfl.    These  nre  the 
imrirkif  or  oj-f/ntk  celh.     They  were  long  thought  to  be  the 
the  cardiac  glands,  and  were  on  that  account  known  as  **  peptio 
a  term  whicli  must  now  be  entirely  discarded. 

The  parietal  cells  are  rather  more  closely  arranged  in  the  neck 
gland  than  elsewhere.  They  usually  cease  ahruptly  at  the  upper 
the  neck,  but  oecaBional  cells  may  be  found  under  the  columnar  epit 
of  the  month  or  even  of  the  general  surface. 

In  aome  animalfl  (porpdae,  pig)  tlifl  padetel  eell«  lie  «ach  in  m 
formed  bj  the  basemetit  membranef  and  oommnnicatiii^  wttli  the  iwl 
glimd  only  by  a  narrow  oriSce.    In  tbe  glandular  stomach  of  bifik 
Becondary  tubtileij  which  lead  out  of  the  main  tiLbuief  tJm 
bj  principal  cell^.     In  the  frog  and  other  amphibia  tlie  cardiac  glMida 
parietal  or  oxyntio  coU^,  tlie  principal  cellB  btfiog  altogether  absoit^  In 
ooutaiuing  ceila  which  are  slmOar  in  appeaianoe  and  function  Iti  tbt 
oeU«  of  the  stomach  are  found  in  the  <Bsophagiu^ 

The  parietal  oelk  have  a  finely  granular  appeamnoe  in  the  tt 
in  the  ghmd  haxdened  in  alcohol  are  much  daiker  and  mom 
This  appeaianoe  ia  due^  aooording  to  Klein,  not  to  th«  pfonnoe  of 
within  the  oells,  but  to  the  existence  of  a  close  and  uniform 
work  (%.  517).    They  are  very  readily  stained   bj  many 
especially  by  aniline  blue. 

The  cells  of  the  gastric  glanda  undergo  changes  during  tJie 
of  the  organ  which  are  strictly  oompaiable  to  the  changes  that  hatv^ll 
scribed  in  the  c€*Uj{  of  the  eerous  salivary  glands.  Th«  prineipil 
cardiac  glands— which  during  re^t  are  in  some  animals  granular  thtoufbal 
others  have  a  ssmaU  outer  zone  clear  of  granules — become  distinctly  ~ 
into  two  Eones  during  actiTitj,  some  of  the  grannlGe  beooming  diisolfiil 
charged  with  the  secretion «  and  the  rest  tendmg  towards  the  Inmtt^l  Hi 
so  as  to  leave  the  outer  half  or  third  of  the  ceil  clear  of  grasnlii 
After  digestion  has  ceased  the  outer  parts  of  the  cells  baoome  ag! 
wholly  occnpied  by  granules  (Langley). 

Both  the  central  cells  and  the  parietal  oells  undergo,  aooonfin^ 
a  change  of  8ise  during  digestion,  becoming  at  first  somewhat 
sequently  shrinking  to  even  less  than  their  original  volume.     Tbs 
a  litUe  later  in  the  parietal  than  in  the  oentrsl  cells. 

The  secreting  oells  of  the  pyloric  glands  undecgo  duofBi  wtiUk  m§ 
those  of  the  central  cells  of  the  cardiac  glands* 

Between  the  glands  and  at  their  base  the  mncona  m^&bmt  il 
of  debc^te  connective  tissue  with  retitorm  lymphoid  tiane  is 
amount. 

A  thin  layer  of  plain  moscnlar  tissoe  (museularii  mmnm) 
mucouB  membrane  externally,  separating  it  from  the 
It  ooneiiita  of  more  than  one  stratum  (an  outer  longitiidiiud  ad 
cireular),  and  is  better  marked  in  some  auimala  tbati  in 
pa.«^s  from  it  between  the  gastric  glandB  towards  the  aoifiMX 
membrane. 


Iiymphoid  folMcles, — The  ftomnchs  of  young  piTBDiia 
mammillate^i  ni^]x.i'ti  due  to  little  elevatJons  of  the  surface,  which  ait  ft 
by  local  accumulations  of  lymphoid  tiasue^  and  somairliat 
follicles  of  the  intestine  in  appearance.   The  lymphoid  inrmmilatiflM  tit 
are  situated  amongst  the  glfuids,  and  do  not  extend  into  tlia 
they  arc  not  mo  diiitinctly  circumscribed  la  those  of  the  inl 
the  surrounding  retiform  tissue    They  are  moat  numeroiia  ait  ^t 
iUMDaflh  and  small  intestine  (Watney). 


TESSEL3    AOT>    NERTES    OF   THE    STOMACH* 
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Bid  Kerrea.^The  Btomacli  is  a  highly  Tascnlitr  organ.  Ite  arterial 
tived  from  all  three  diTiEions  of  the  coQliac  ajcis,  vewih  the  stomach 
folds  of  the  peritoneum,  and  fotm^  by  anastomosing  together^  fcwo 
hari^  arches,  which  are  placed  along  its  two  curvatures.  After  rami* 
In  the  Beveial  ooata  and  supplying  them  with  blood  (especially  giving 

tcapillariee  to  the  muscular  coat)  and  after  dividing  into  very  imiall 
mbmnooQs  areolar  tnnic,  the  ultimate  arterial  bnmcbes  (fig,  518,  a) 
^Mxras  membrane,  and  ramifying  freely,  pass  between  the  tubnli ; 
tm  a  plexns  (if)  of  fine  capillaries  upon  the  walbs  of  the  tuhulo*; 
ihis  plexua  larger  vesseLj  pa±iS  into  a  coarser  caj>illary  network 
mouths  of  the  glands.  Hie  teim^  fewer  in  ninnber  than  the  orteriea, 
lie  latter  network,  and  take  an  ahnost  straight  course  (^,  c )  through 


\m^  sia 


Fig.  510L 


;.;) 


)  \\ 


yyni 


J18. — Fl-JUl  Of  THB   BLOOD-TBSBSEia  Of  llDB  STOlLAOa    (firom  BrintOD), 

jftoriei  paasiag  t^}  break  up  into  tho  fine  caplllaiy  nHinork,  d^  betwooi  the 
lUWST  capillary  network  arotind  the  mouths  of  the  gljuada  ;  c^  c,  veinfl  pawiiig 
Imwards  from  the  SBperficuil  network  ;  f ,  larger  vesseU  in  the  submucoBa. 
k  the  deeper  parts  do  not  aaaatomoae  aa  here  represented. 

^nCPHATICS    Of  THE    BTTMAH    GASTRIO    MTOOtTS    MSMBKAITE,     IKJECTKB    (from 

Lov§n). 

0  are  only  faintly  Indicated  ;  a,  mnBCularia  nmcosse ;  &«  plexus  of  fine  fessela 
lade  ;  c^  plextie  of  larger,  valved  lymphatice  in  mibmueoea. 


snembrane  between  the  glands.  After  piercing  the  mnscularia  muooae 
I  a  wide  Tenoua  plexxiB  in  the  submucous  tissme,  tbcy  return  the  redduiil 
Ihe  splenic  and  gnperior  meeenteric  veina,  and  also  directly  into  the 

fhatitM  are  very  nmneroua.  Aa  shown  by  Lor^n,  they  ariso  in  the 
inbrane  (fig.  519)  by  a  dense  network  of  lacunar  epaoeSf  situated  be- 
I  amongst  the  gland-tuhuli,  which,  as  well  aa  the  blood-veaselB,  in 
\  they  enclose  in  elnujj4ike  dilatations.  Near  the  surface  of  the 
0ie  lymph  is  collected  into  vessels  which  form  loope  or  poeaess  dilated 
I  Teasels  are  lees  superficial  than  the  blood-capillKcUA,  vX^hoi^jCL 


L 
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the  lacnnar  Fpaces  ezte&d  oa  for  as  the  bftsement  membrane  of  tbe  m 
the  deeper  part  of  the  mucous  membrane  the  intei^lazidul&r  Ijiaplli 
mto  a  plexua  of  fine  vessels  (A),  imtnediatelj  nndeTljing'  the  tiibalii 
then  piercmg  the  muscularis  mucoese  (a),  thej  fonn  a  ooener^  hmh 
seated  network  {c)  in  the  Bubmuooua  coat,  the  yesfels  of  thi^  netwn 
provided  with  valves.  Thence  eflferent  Ijinphatacs  proceed  and,  pierdm 
cnlai  coats>  folknv  the  direction  of  the  blood^veesels  beneath  tbe  pcnl 
veetment,  and  traverse  ljTD|)hatic  glanda  found  along  the  two  con 
l^e  Btonmch. 

The  nrrve^f  which  are  large,  consist  of  the  terminal  branohc*  ef 
pnettmO'gOBtrio  nerves,  beloDging  to  the  cerebro-epinal  BjFtem.  and  of  oi 
the  sTmpathetic  syetem,  derived  frotQ  the  solar  plexna.  Tlie  left  pneoi 
nerve  desoends  on  the  front,  and  the  right  npon  the  back  ckf  the 
NnmeroiiB  email  ganglia  have  been  found  by  Eemak  and  oihcn  ea 
pneuDO-gastric  and  sympathetic  twigs.  The  nerves  form  gangUated 
both  between  the  layers  of  the  muficnlar  coat  and  in  Uie 
Their  ultimate  ending  has  not  been  traced. 


Tilt  pyloTOS-^While  there  is  no  special  apparatus  al  i 
orifif  e  of  the  stomiirh  for  closinoj  the  passage  from  the 
opening  at  the  pjk^ric  und,  leading  from  tbe  stomach  inl 
denum,  is  provided  with  n  sphincter  nuiscle.  On  looking  into  tli 
end  of  the  etoniaeh,  the  nnicous  membrane  is  seen  projfCtifl| 
form  of  a  circular  fold,  called  the  irylonts^  leaving  a  corroi|i 
narrow  opening  (lig.  533,  p).  Withiti  this  fold  are  circuUur  i 
fibrcR,  1  belong ing  to  tlse  general  eystem  of  cipcular  flbrei 
alimentary  caiuil,  vUiicli  are  Iicre  collected  in  the  form  of  atfroi 
whilst  the  longitndinaJ  muscular  fibres  and  the  pjeritonetl  o 
over  the  pyloric  fold  to  tlie  duodennm,  and  do  not  enter  into  ill 
tion  (tig.  512).  Externally  the  pylorus  may  be  easily  felt*  \iht 
ened  ring,  at  the  right  end  of  the  stomach,  where  also  a  filial  i 
constriction  is  visible.  Internally  its  opening  is  usoallj  cilt^ 
less  than  half  an  inch  across^  bo  that  it  is  the  narrowest  part  of  tl 
alimentary  canal. 


Occoiionally  the  ori£ce  is  ovah  and  it  is  often  placed  a  ttttla 
SometimeB  the  circular  rim  is  imperfect,  and  thcTQ  are 
or«0centio  folds,  phiced  one  above  and  the  other  below  the 
and,  laatij*  thei-e  ia  occasionally  but  one  each  creioentic  fold. 

When  the  fipbincter  itt  contracted  the  longitndinal  fibres  cOTenag  il  tfi 
inwards,  and  these,  if  they  contract  at  the  same  time  that  the  uphiifi 
relaxes,  will  tend  to  dilate  the  orifice. 

Bee  en  t  Literature  of  the  Stomach. -- Form  and  potttioo.^dr«tivik  ii 
Journ.  of  Med*  Sci.,  ISfil,  and  EdinU  Med.  Jowm,,  1S61  ;  Iktt,  in  ^lcrtm.t 
Heilk,,  1873  j  Braunt  '*Ue.  d.  BcwegL  d.  Pylona^"  Lc-iptig,  1875  ;  BK  ii 
Amit  <u.  Fbys^K  1B78  ;  Lt»«ht^fU  Vireb.  Arch.,  LXXXVIU  tad  Tnm  4 
Med.  CoDgreas,  1881. — Structure, ^ifci</<^iAa*»,  in  Arch.  1  raikr*  Ais»t,,  VLl 
article  *^  Ahftonil crung/'  in  HeTininn''a  Hfttidbuch,  1S8U  ;  £btuin,  ta  ArdL 
Aoat,  Yl.  1870  ;  Klein,  in  StHcker «  Baudbook,  1871  ;  HuliH^  in  Qias  Utli 
LoHn,  (IjuipliJLtics)  in  Nord,  Med.  Ark,,  1873  \  Bicdermann  in  Wwner  ( 
(garface  ei«Hbelium) ;  Wattuxf,  in  PhiJ.  Trsuia,  1876  ;  FmUdt^  in  Aixdb  1 1 
XiV.  1S77,  XVIL  1879;  AVirci//  in  Jouni.  of  Phyuol.  L  1S78.  (dcf«L  4 
Nuahanm ;  Arch,  f,  mikr.  Anat.,  XVI.  1879  ;  Edinftr,  lAit,  XVIL  ia7t  |fi^ 
Pfliig«r'i»  Arch.,  XX.,  1879  ;  JUtm/U-y  and  Setrall  in  Journal  oT  Pii7Mi4.  11^  1 
Frw.  Roy.  Soc,,  187U  ;  SU>hr,  in  Wiinb.  Vcrbandl.,  1880,  and  Xrxh,  t  ^k 
XX.  ;  T(»idt,  in  Wiener  Sit2ung»1>.,  1880  (der.  of  glands)  ;  iK^y^oiy  b  Ai^ 


Anat.,  XVllL,  18^0  (cilia  on  epiilichum  ia  t 
and  Joum.  of  Physiol.  111,.  1882. 
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inteituie  (fi^^  frju  i>,  j,  i)  eoairaences  at  the  pylorus, 
idter  man  J  cunvoltitioua  terminates  in  tlie  lar^^e  intestme.  It 
OQ  an  aven^^e  akmt  twenty  feet  in  Icu^tli  in  tlie  aiJnlt,  and 
lally  be<x»me8  digbtly  narrower  from  its  upjx'r  to  its  luvver  end. 
►mTolationa  occupy  tlie  middle  and  lower  part  of  t!ie  abdomen,  and 

1. DlAOftAM    OF     THK    1BIX>MX*  Fig.  520. 

YAXT      or       THB      ALIMXSTAAI 

mm  cftrdbc.  And  p«  the  i^rloric  end 
pHOBAcli  (tbUorgim  is  represeDted 
r  Koriflootftl  a  poiition) :  D,  tbe 
wtmm  ;  J,  tf  c^DTolatioiu  of  the 
SKteBtiii6  ;  oCf  cscnm,  irith  tlie 

prootm  ;  AC,  aaeendiog,  re, 

and  DC,  deac«ndizig  colon; 

flexure ;  E,  rectum ;  i,  anus. 

taroonded  by  the  large  int<-s- 

Thej  are  connected  with 

Imck    of    the    abdominal 

e,  and  are  held  in  their 
m  by  a  fold  of  the  jxjri- 
Ctro»  named  the  mesentery, 
\)j  nomerons  blood-vessels 
eervee. 

lie  mnaU  iniestine  ifi  arbitra- 
9iTided  into  three  portiooB, 
3i  have  received  different 
es ;  the  firet  ten  or  twelve 
«B  immediately  succeeding 
^lie  stomacli,  and  compre- 
iing  the  widest  and  oioat 
1  ^rt  of  the  tube,  being 
bd  the  duodenum^  the  upper 
^fifths  of  the  remainder  being 
bed  the  jtfimtim^  and  the 
a  three-fifths  the  ihum.  There  are  no  distinct  h'nes  of  demarcation 
i?een  these  three  parts,  but  there  are  certain  peculiarities  of  cx>nnec- 
i  and  certain  differences  of  internal  etructure  to  be  obsen^ed  in  com- 
ing the  upper  and  lower  ends  of  the  entire  tube,  which  wiM  be 
itid  out  alter  it  has  been  desa'ibed  sl&  a  whole. 


lie  KDall  intestine,  like  the  stomach,  is  composed  of  four  coats,  viz., 
■eroiu  or  peritoneal,  muR^ulur,  areolar,  and  mucons. 
lie  external  or  aerons  eoat  almost  entirely  Biirrc lunds  the  intestmal 
i  in  the  whole  extent  of  the  jejunum  and  ileum,  leaving  only  a  narrow 
rval  behind,  where  it  paeseg  olf  and  becomes  continuous  with  the 
layers  of  the  m^eenteiy.  The  line  at  which  this  tjikee  place  is 
led  the  attached  or  meunkric  bord&rof  the  intestine.  The  duodenum, 
he  other  hand^  is  but  partially  covered  by  the  peritoneum* 


The  muscular  coat  consists  of  two  layers  of  fibres ; 

tiidiiial,  ami  an  ioiier  or  circular  set.    The  lon^iiudfmti  \ 
an  entire  bntcumpiiratively  thin  layer,  and  are  most  obvious  i|q| 
border  of  the  intestine.    The  circular  layer  ta  thicker  ind  j  ^ 

The  muscular  tnnic  becomea  graduallj  tManer  towards  the 
Bm.iU  int^tint?.  It  Is  p^le  in  colour,  and  m  composed  of  plain 
the  cells  of  which  are  of  conaiderablo  leng-th.  The  progressirtfj 
thei*e  fibres,  coiuineuciug'  in  any  part  of  the  intestine,  luid  adf 
ward  direction,  produces  tke  peculiar  rermumlar  or  peri »tAtti^\ 
which  the  ccntentfi  are  forced  onwards  through  the  cantd.  In  tbt 
of  the  tube  the  circular  fibres  are  mainly  concerned,  the  lon^iM 
tending  to  produce  dilatation  (Eacner)  ;  and  those  found  along  thft  I 
of  the  intestine  may  have  the  e^ect  of  atraighbening^  or  unfoldizif  iM 
oon  volutions. 

The  Bnbtnticoua  coat  of  the  small  lutes  tine  is  a  layer  of  are 
of  a  loose  texture,  which  is  connected  more  firmly  with  the  jm 
with  the  m oscular  coat. 


le  lowfl 
ain  JM 
!98ir«fl 
iranefl 


Fig.     521.— P<>iw< 
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ton). 


^ 


The  internal  coat  ( 
membraxio,    id  cb 

by  presenting  all  <m 
surface  a  finely  floe 
shaggy  appearance,  li 
nfK>n  velvet,  owring  U 
thickly  covered  wit 
process^is,  named  viJH.  It  is  one  of  the  most  vascnlar  membrai 
body,  and  is  natnrally  of  a  reddish  colonr  in  the  upper  part  of 
int^ine,  but  is  jmler,  and  at  the  same  time  thinner,  towards 
end.  It  is  lined  with  columnar  epithehum  throughout  its  wbc 
and  next  to  the  submucous  coat  is  bounded  by  a  layer  of  plain 
tissue  (tnmmkiri^  7hu€os(e)  ;  between  tliis  and  the'  epitheUam 
stance  of  the  membrane,  apart  from  the  tubular  glandn  which  wil 
wards  described,  consists  mainly  of  retiform  tissue  which  supports 
vessels  and  lac  teals,  and  encloses  in  its  meshes  nmnerous  lymph-o 
In  the  lininj;^  memhrane  of  the  small  intestine,  however,  l 
besides  small  effaceable  folds  or  rugae,  other  permanent  ones,  whi 
be  obhterated,  even  when  the  tube  is  ft:^rcibly  distended.  The 
nent  folds  are  tiie  valimlaa  coimiTeiiteB,  or  valves  of 
(fig.  b2l).  They  are  crescentic  projections  of  the  mucona  b 
placed  transversoiy  to  the  axis  of  the  bowel,  each  of  then 
about  one-half  or  two-thirds  of  the  distance  round  the  into 
tube,  and  they  follow  closelj  one  upon  another  along  the  i 
largest  are  about  2i  inches  long  and  ^  of  an  inch 
or  broadest  part. 


Large  and  small  valvnl®  coimiventes  are  often  found  to  ali 
other.    Some  of  them  ara  bifurcated  at  one  end,  and  others 
appearing  as  if  Buddenly  cut  ofiF,    Each  oonsifits  of  a  fold  of  the  mi 
hrane.   that  i^,  of   two  lQ.^iiv%  placed   back  to   back,   united  togtli 
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fSHflcnlar  coata     BetDgr  extenaions  of  the  tnncoiw  membmne^  they 
tbe  atworbent  surface  to  whicli  the  food  is  exposed- 
no  T^mliB   oonniventes    quite    at    the   commeDcenieiit   of    the 
I ;   a  short  diatanoe  from  the  pjloms  they  bc^n  to  appear ;  beyond 
*  m^  which  the  bile  and  pancreatic  juice  are  poured  into  the  dnodennm 
large.  regiUarlj  crescentic  in  form  and  placed  bo  near  to  each 

-YaxTtcAL  88CT10V  OF  Fig.  522. 

\  MMVmSTlXAL    KVCOUB    MEM' 

LOF  Tffs  aiaaiT  (aUghtly 
"        Fwy).  i|9. 

an  repreBentedf   m 

I  Uie  dtlat^d  kcteiU 

in  tbe  other  the 

I  and  laotetl  are  boib 

d,  the  lacteal  white, 

diurk  :    a,   the 

of   tbe   tilli  ;    a\ 

,  whidb  they  join; 

r  blood-Tesaeb  in  one  of 

f ^  small  artery ;  d,  vela; 

iptibeliuni    corerlag   the 

,  fnhitlar  gtaodfl  or  cryptu 

ItlUm,  Mtoe  divided  down 

Udle,  others  cut  more  irre- 

r ;  t,  tho  lubmucouji  layer. 

aection     of       three 

more  highly  msg- 

i  the  intenrala  between  them  are  not  greater  than  tbe  breatlth  of  one 

1 1  they  oontinne  thus  throTigh  the  rest  of  the  duodenum  and  along^ 

'  half  of  the  jejunum  ;    below  thnt  point  they  begin  to  get  smfiller  and 

r  apart ;  and  inaUy,  towards  the  middle  or  lower  end  of  the  ileum,  having 

become   more   and  more   irregular  and   indiBtinct,   ifometimea  even 

f  a  vei^'  oblique  direction,  they  altogether  disappear. 

:3e  idlliy  peculiar  to  the  email  intestine,  and  giving  to  ite  intelnal 
jMX  the  velvety  appearance  already  epokeu  of,  aie  small  processes  of 
toneous  membrane,  whicli  are  closely  set  on  every  part  of  the  inner 
loe  over  the  valvidee  conniventes,  as  well  as  between  them, 
he  %illi  are  usually  tajKTed  and  flattened  in  form  in  the  human 
feet  (fig,  5i'3)  :  some  arc  cyhndrieal  or  finger-shaped  (fig,  525),  and 
jt>inetimes  an  enlarged  or  ehibbed  extremity.  Occasiunally  two  or 
connected  together  at  their  base, 

length  varies  from  -jV,th  to  -j^th  of  an  inch  or  sometimea  more, 
are  largest  and  most  numerous  in  the  finorltimm  and  jejunum,  and 
gradually  shorter,  smauer,  and  fewer  in  number  in  the  ileum*  In 
ipper  part  of  the  small  intestine  there  are  from  10  to  18  in  a  SQjQ^ 
meter,  and  m  the  ileum  from  8  to  14  in  the  same  space.  This 
Id  give  aljout  4  millions  altogether  (Krause). 
villns  consists  of  a  prolongation  of  the  proper  mucous  membrane, 
covered  by  columnar  epithelium  (fig,  524),  and  encloses  a  net- 
[  of  blo<3d-vessel3,  one  or  more  lymphatic  vessels  (lacteals),  and  a  few 
itudinal  plain  muscular  fibre-cells,  the&e  being  all  supp(jrted  and 
together  by  retiform  lymphoid  tissue.  Under  the  epithelium  is  a 
nent  mem'ijrane  composed  of  flattened  celts,  winch  on  the 
hand  are  connected  with  the  branched  cells  of  the  retiform  tissue 
on  the  other  hand  send  process^  between  tliQ  e\>itkc^^\mi-'Qii£^ 
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Nerves  have  Bot  yet  been  demonstrated  in  the  rUlu  aiti 
probably  not  wanting.     Each  villus  receives,  as  a  rnle,  one  ( 
twig,  wiiit  h  nins  up  the  centre  t<i  near  the  middle  of  the  rillM 
begins  to  break  up  into  a  number  of  capillaries  (fig.  52S).    Ti 

or  m  m 

OV        TBI 

TILLL 

Tlkednvjjii 
troitk  n  pttiwife 

Mon^tkg  tft  m 
Bimdl  srteijttl 

ttetworlL. 


I 


near  the  Burface.  beneath  the  epithehirm  and  limitino^  mernblB 
capillary  network,  from  which  tiie  blood  is  returned  tf>r  the  mm 
a  single  vei/i,  which  in  man  commences  near  the  tij)  of  the  ti! 
passes  throufch  the  mncous  membniQe  into  the  submacosa  wit 
ceiving  lateral  twigs.  The  geueral  arrangement  of  the  vaecuh 
of  the  villi  varies  considerably  in  diftcreuL  tiniuials. 

The  lacteal  lies  in  the  centre  of  the  villus  (figs.  522,  52 
the  smaller  vilH  usually  a  single  veesel^  with   a  cloeed 

Fig.  524.  Fig.  52i.—Cm 

A    VUI,C«    OF 

ixTKsnn.    (i 

e,  colunuuu' ffid 
gobtet  oeDi  ili  sua 
pttTtlir  eztidod  ;  (^  I 
ptisdcis  bei««(ii  lA 
lium-oeUa  ;  b,  hmm 

fHf  aecUon  of  plaio 
fibres;  r.t,  eeatiil] 


vaecuut 


expanded  ( 

of   ctmside; 
diameter  th 
lariesof  thef 
around, 
the      o}«6crTatw 

Teichraaon,  there  are  never  more  than  two  iutercoTnmn 
lacteals  in  a  single  viilus  in  the  human  subject  (fig.  525^  h) ;  1 
he  and  Frey  found  a  copious  network  in  the  villi  of  the  shefl 
the  lymphatics  elsewhere,  the  lacteals  in  the  villi  are  bound 
dehcate  layer  of  flattened  epitheliai  cells.  These  are  connw 
the  branched  cells  and  cell -spaces  of  the  tissue  of  the  villas^  i 
again  with  the  flattened  Ci4h  which  form  the  basement  OQe< 
from  the  latter,  prolongations  extend  between  the  epitbfil 
towards  the  surfiice. 

The  muscular  tissue  within  the  villus  was  diaooveTed 
consiatiS  of  a  tkvii  fttt^tosv  ot  ^lain  fibre-csellfl  disposed 
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ibe  lacteiil ;  on  being  stimulated  in  animals,  they  produce  an 
retraction  of  the  villus. 

^  jnUBCular  tiflBoe  Ib  a  prolong^tioii   from  the  moBoiiliLrid  muoosae ;  tlie 
mt  the  «idet  and  towatda  the  end  of  the  rilluB  pass  from  the  lacteal 
~  to  the  basement  membrane ;  tii<tnallj  their  attachment  to  thb  U 
,  A  connective  tiesne  oorpnscle  EUing  up  the  interval  (Watney). 


U^ts^raCTID     LXCTIAL 

atTMASr  iiTTcmxa- 


TVaSELa    in    TWO    vttu 

100    DLUiXT^aa  (Teich- 


Fig,  525. 


lartnain  are  Tepre«ented  m  filled  irith  vhile  sub- 
bd  tbe  blood-vessels  with  d^rk.  a^  b,  the  lacteal 
■iagle  in  one  rillua  adJ  double  in  the  other  ;  r, 
feincitii  lacteal  T«wels  with  which  tfaotMs  of  the 
imiicate;  d,  llie  blood-vesseljiy  eoasisting  of 
and  vein*  with  capillary  network  between. 

m  colnBinar  epithelium  cells  (figs.  r>2C, 
^hicli  cover  nut  cmlj  the  villi  but  al^j  the 
IT  the  surface  of  tlie  intestine  and  extend 
Bbe  tubular  glands  have  ahetidy  been 
^bed  under  the  head  of  **  Epithelium " 
43  to  45). 

let  upon  the  surfoce  of  the  ba^ment 
softan  hj  ft  somewhat  flattened  extremity. 
erer  been  able  to  detect  any  coDtinnity 
I  their  attached  extremity  and  the  branched  corpuscles  of  the  retiform 
Lof  the  villns,  which  haa  often  been  supposed  to  exLft ;  on  the  contrary  tlie 
nun  8epaiate»  wi^  the  greatest  rea<liness  from  the  subjacent  tii^uc.  and 
PiltrajB  witii  a  ample  truncated  extremity,  Hometime«  pitted  but  never 
iteaadied.  (KA.S.) 
■MPt  the  ordinary  cpithelium*oells  are  others  (%.  524,  ff%  the  outer  half  of 

■ft     mg  52$. 


/ifp^^" 


Mr 


2.  f. 

^  6Si8.— OoiTrmrAR  iriTHauirif  citta  op  titb  iLutBir's  nrrasTiiiK.  (K,  k.  8.) 
I  ealli  have  been  isolated  after  maceration  in  very  weak  chromic  acid*  They  are 
Ticnolateid,  and  one  of  ihem  (2)  has  a  fat*globnIe  near  it£  attache<l  end  ;  the  atriated 
r  {Mr.}  ia  well  aeen,  and  the  Lriglit  disk  Beparating  thia  innu  the  cellprotoplaam  ; 
Jens  with  intranodear  network  ;  a^  a  thinned  out  wing-like  projection  of  the  cell 
pmbably  fitted  between  two  adjacent  cells. 

Rg.  527.— A  aow  or  colvuhak  caLLa  paojt  ah  iwrafirnrAi.  vilict  of  thi 
RABBIT,      {B.  A.  R) 
striated  border  ;  w,  smaller  cells  between   the  epitlielimn  ceUa,  probably  of  the 
I  of  lymph-Gorpnaclea. 

i  is  filled  with  mncigen*  and  in  some  of  these  the  mncns  baa  become  diachnrged 
the  oeUt  and  th«  firee  end  ia  ruptured  (^-oblet-cells,  see  p.  44).    The  nMmXxK 
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of  oelb  containing  nmotiB  rariea  much  in  different  animzilfl  and  pri 
different  conditionB  in  the  same  iinimftl.  There  toe  oompoatifirir 
l^land^  of  the  immll  inteetine.  Daring;  digestion  of  a  meal  ooalitii 
epithelial  cella  become  turbid  with  minnte  oil-dropleta  in  thdr  nl 
at  a  mibeequent  stag^e  branched  cells  within  the  tissue  of  the  vilhs  i 
vaded  with  similar  fatty  particles^  and  eventually  the  central 
fiUefi  with  them.  There  haa  been  much  difference  of  ppinioa  ai  i 
taken  by  tlie  fatty  particles  witMn  the  villus.  It  is  poesible  that 
lymph-corpusoles  which  are  found  eo  abundantly  within  the  ti»ae  o( 
and  even  amongst  the  epithelium-cellii  of  the  surface,  play  an  impor^t 
traugforence  of  the  particles  from  the  epithelium -cells  to  the  lacteU; 
amount  of  lymphoid  tksue  in  the  lower  end  of  the  small  intestine  maylM 
to  a  greater  power  of  fat  absorption  in  that  part  of  the  gut^  In  the 
carbou  particles  ic  thelunga  from  the  interior  of  the  alveoli  to  the  ^ympli 
at  least  in  part  is  due  to  the  activity  of  amoaboid  cells,  we  have  an  anilofo 

Other  views  whioh  have  been  taken  are  (1)  that  the  p 
tlirough  the  branched  connective  tissue  corpuscles  of  the  riUiia,  i 
assumed  to  be  in  direct  continuity  with  the  fixed  ends  of  the  ifH 
(wliich  is  certainly  not  the  Gase),  and  (2)  that  the  fat  does  not  li 
epithelium -cells  at  alU  but  passes  wholly  between  them  and  ia 
r^/ />«/«?/<  (not  a  cell -network)  which  extend  from  the  intenpaoMi 
epitheUum -cells  through  the  tissue  of  the  villus  to  be  attached  Ut  1 
the  lacteal  (Watney).  There  is,  however,  a  difficulty  in  oo 
me<jbanicol  explanation  of  the  passage  of  the  fat  particles  along  tht 
which  Watncn*  describes.  It  must  be  admitted  that  further  in- 
necessary  for  the  elucidation  of  this  problem, 

Gl&ndi. — Two  kinds  of  small  secreting  "glands  open  on  the 
face  of  tlic  intestine,  viz.,  the  cn-^tts  of  Licberkiihn,  and 
pland^,  tlie  last  being  peculiar  to  the  duodenum.    In  aJdltiot' 
luimerous  lyraplioid  uodides  are  foynd,  wliich  are  either  scat 
i&jhited  (solitary  glands)  or  collected  int4>  patches  (Pejer's  gk 

The  crypts  of  LieVerkulmf  the  smallest  but  moBtunmcroii 
ghmdiilor  structures,  are  found  in  every  part  of  the  smili 
opening  on  the  surface  between  the  villi  \fig.  522,  ^).    ThH 

Pig.  528.  Fig.   f»28.-'LTMPHoii>    oa    **im 

O'  '     '-"^<^v  -         _^.  THE  PUBMP  (fn^m  Frey).    Vm 

N )  L  '  J  "^  y  r  1>I  A  METERS. 

CaT  KQj^^  ^""*  section  of  a  «maU  ^H" 


'  >>^  _f^jS^^'       muoous  membrane^  including  oat 

^^I^  ,    '  *    ^:>^i        of  Lieberkuhn  and  parts  of  awwi 

S^'y  N  y'  i     ,  7  \ll(^       cavity  of  tho  tubular  gUaJa  or  a\ 

'-  •*  '         of  tbe  Uniag  epitheliftl  cells ;  f ,  I 

Of  retifonn  spaces,  of  vhich  lomt 
and  oth^s  occupied  bjr  Ijipph-i 


^cv 


■'>\-JiiX\ 


I 


minute  tabes,  closed  at 
extremity  which  is  slightly 
and  placed  more  or  lees  nerw 
to  the  surface,  upon  whicli 
sometimes  two  or  three  together.  The  crypts  of  Lteberkoh 
length  from  the  jj-^*'!^  ^^  tlie  i-Ju^l^  ^^  *^  inch^  and  their  i 
about  oTDijl^li  ^f  ^^  iii"^ti.  Tliey  are  longest  in  the  duodennm. 
of  the  tubes  arc  formed  of  a  bafiement  membrane^  lined  witbi 
epithelium,  (&^»  5ii&V 
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^m  glands  aie  small  componnd  acino-tnbniar  glands,  which 

the  dnodenum,  where  they  are  most  namerous  at  the  upper  end, 
occupying  thickly  a  space  extending  from  one  to  two  inches 
A  the  pylorus.  A  few  of  them  are  said  alio  to  be  found  uuite  at 
JHDmencement  of  the  jejunum.  They  are  imbedded  in  the  sub- 
m  coat,  and  may  be  exposed  by  dissecting  off  the  muscular  coat 
Bie  outside  of  the  intestine.  In  structure  they  somewhat  resemble 
iBaU  glands  which  are  found  in  various  parts  of  the  lining  membrane 
m  month  and  elsewhere,  each  consisting  of  a  number  of  tubular 
H^  oonnected  by  the  terminal  ramifications  of  the  duct,  which  latter 
piteB  the  muscularis  mucosas,  and  opens  upon  the  inner  surface  of 
ilertine.  In  sections  through  the  pylorus  the  glands  of  Brunner 
ir  Uke  direct  continuations  of  the  pyloric  glands  of  the  stomach 
ipej),  which  thev  closely  resemble  in  structure,  but  are  somewhat 

iDompUcated  and  more  deeply  seated. 

m  solitary  glands  are  soft,  white,  rounded,  and  slightly  prominent 
■  about  the  size  of  a  millet-seed,  which  arc  found  scattered  over 
■noons  membrane  in  every  part  of  the  small  intestine.  They  are 
1  as  well  at  the  mesenteric  as  at  the  free  border,  both  between  and 
i  the  valvulae  conniventes,  and  are  rather  more  numerous  in  the 
r  portion  of  the  bowel.  These  so-called  glands  are  in  structure 
•r  to  the  lymphoid  nodules  of  various  parts  already  described,  con- 
ig  of  clumps  of  dense  retiform  tissue,  the  meshes  of  which  are 
ij  packed  with  lymph-corpuscles  and  pervaded  by  fine  capillaries. 
f  are  here  and  there  united  at  the  sides  with  the  surrounding 
ihoid  tissue,  but  are  at  most  points  distinctly  marked  off  from  it, 
^  owing  to  the  fact  that  their  supporting  retiform  tissue  becomes 
w  and  finer,  partly  owing  to  their  being  surrounded  by  a  rich 
n  of  lymphatic  vessels  ;  or  they  even  hang,  as  it  were,  into 
nidiatic  (or  lacteal)  sinus,  which  may  entirely  surround  the  nodule, 
nt  next  the  inner  surface  of  the  intestine.  The  epithelium  over  the 
de  often  has  a  large  number  of  lymph-corpuscles  between  the 
hdial  cells.  The  base  of  the  nodule  or  foUicle  is  situated  in  the 
nooous  tissue ;  but  it  extends  upwards,  through  the  muscularis 
fOUdy  into  the  mucous  membrane,  causing  a  bulging  of  this  towards 
interior  of  the  gut  (as  in  fig.  581,  dd).  The  prominent  part  of  the 
de  sometimes  has  villi  upon  it,  and,  placed  around  very  irregularly, 
nen  the  mouths  of  the  crypts  of  Liel^rkiihn. 
he  agminated  glands  or  glands  of  Foyer  (who  described  them  in 
7X  are  groups  or  patches  of  lymphoid  nodules.  The  groups  have 
nlong  figure  (fig.  529),  and  vary  from  half  an  inch  to  two  or  even 
'  inches  in  length,  being  about  an  inch,  or  rather  less,  in  width  : 
'  are  placed  lengthways  in  the  intestine  at  that  part  of  the  tube 
t  distant  from  the  mesenterv ;  and  hence,  to  obtain  the  best 
r  of  them,  the  bowel  should  be  opened  by  an  incision  along  its 
shed  border. 

he  lymphoid  nodules  which  by  their  aggregation  make  up  a  Peyer's 
h  are  in  almost  all  respectu  similar  to  the  solitary  glands  above 
ribed.  As  a  rule  their  surface  is  free  from  villi,  and  the  crypts 
ieberkuhn  are  collected  in  circles  around  them.  Fine  blood-vessels 
liBtributed  abundantlv  on  the  exterior  of  the  follicles,  and  give  off 

finer  capillary  branches,  which,  supported  by  the  retiform  tissue, 
lisposed  principally  in  lines  converging  to  the  centre  (fig-  5S0V 
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The  lacteal  plexuses,  which  are  abundant  in   the  whole  eii 
inteetiue,  are  especially  rich  where  they  surround  the  foOidei 


Fig.    529,— A   svAix  FA-hm  or  te 
FROM  THS  iLruM.    Suoim.? 


t^ 


Fig.  52&. 


glands  (fig.  5:^1),  often  fornu 
urouiiii  th*?m,  m  in  the  case  of  1 
folhtles  above  described. 

In  all*  from  tweoty  to  thii^  of 
patohes  maj  in  general  be  f ottad :  1 
pereonft  dyiJig  in  bealtlL,  vm  muij 
have  been  ob^rveii*  Thejr  aie  l«fi 
at  shorter  di«taiice«  from  each  otbd 
pftrt  of  the  Ueuin  ;  but  in  the  oppi 
that  intestine  and  in  the  lower 
jejanum  the  patches  occur  l«ai 
beeotne  HttmOer*  and  are  of  a 
form ;  thej  m^y,  however,  be  dM) 
eionally  in  the  lower  portion  of  tli 
StUl  0inaller  irregularlj  ahaped  dtt 
follicles  are  »ometimes  foond 
out  the  Intestine. 

The  glands  of  Pejer  arte  hmi 
joiing  subject.  After  middle  lilb 
lesa  obrioas,  and  diaappesr  alnai 
in  advanced  age*  their  renLdna 
cated  hj  dark  oolooratiott  of  i 
membrane^  | 

TeaaelB  and  Nerves. — The  branches  of  the  roeaenterio  mrtery.hM 

tho  attached  border  of  the  inteBtinei  poBs  round  its  sides^  dividing  isJ 
Fig.  530,  Pig.    58a— ft 

HrXBCTID  Pi 
(from    KM 

The  diaviq 
{rom  a  pivpacw 
Fre  J  of  the  tal 
rabbit.  It  n 
finec&pilUi7«el 
iag  troCB  the 
blood-VMMili  11 
rior  of  tSIm 
nodules.        S 

ramiiicatioiii 
qnently  anairt 
its  free  bonlc 
the  laiger  b) 
immediataly  I 
aerons  cOilt 
pierce  tiieim 
frupplying  it ! 
aa  thej  paa, 
in  thesnbiira 
lajer.  so  ai 
cLoee  ncitv! 
which  stiJl  imaller  vessels  piiss  on  into  the  mueoua  ooat,  and  i 
capilhury  uetwoik  ol  ^%  li:»^f  t^\^  vosi  %\aAd&  of  that  memb 
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of  the  muaculftr  coat  are  arranged  in  two  layers  of  oblong"  meaheH, 
id  in  dlroction  with  the  longitudinal  and  circular  mnscnlaT  fibres, 
aecompanr  the  arteries. 

hndc-M  of  thtt  intestitie  (lacteals)  maybe  conveniently  dLstingrnisibed 
of  the  mucous  membrane,  and  those  of  the  mtiacnlnr  coat.  Tho?ie  of 
memhmne  form  a  copioua  plema  <fig'.  631)  which  reneivea  the 
maeiB  of  the  villi  and  perva^les  both  the  mucouB  ami  snbmneoiis  Layers 
littner  being'  of  conj^iderable  bijg©,  and  forming,  aa  before  mentioned,  a 
or  a  sinu8  arf)iind  the  base  of  each  lymphoid  follicle.  Another  set  of 
lies  under  the  peritoneal  coat,  and  U  c*t«pecially  developed  along  a 
'  9trlp  at  tile  attachment  of  the  mesentery.  In  the  muscular  coat,  the  main 
issitQated  between  the  circular  and  longitudinal  layers  of  fibres  (fig,  532,/); 
are  likewise  close  pleatu^ea  threading  the  whole  thickne,***^  of  the  muBcn- 
PL  These  lymphatics  of  the  muscular  ooat  are  in  complete  continuity  with 
|gf  the  mucous  membrane,  and  pass  into  larger  vessels  at  the  mesenteric 
jirhich  agaiu  run  into  the  lacteal  vessels  of  the  mesentery. 

Fig.  £B1. 


581, — Vertical  aiECTToir  of  a  poRTTOif  o?  A  patch  ot  pEvna'a  olaitdb,  with 

TH¥  LACTRAt   VESSELS    INJECTED   (after  Prey).       32   DIAMETERR 

I  ipeeimen  is  from  the  lower  part  of  the  ileum  :  <r,  villi,  with  their  lacteals  left 
;  J,  •ome  of  the  tobubr  gljuidis ;  r,  tbo  mufscular  byer  of  the  mucous  membrane  ; 

rla  or  projecting  part  of    the  noJuie  ;  f ,   their   contra!   part  ;  /»  the  reticulated 
veaseU  occupying  the  lyraphoiil  tissue  tetweea    the    nodules,    joined    above  by 
Icieaki  from  the  villi  and  mucous  surface,  aad  passing  below  into  g^  the  reticabtetl 
^  under  the  follicles,  which  again  paaa  into  the  large,  efferent  lacteals,  / ;  i,  part 
vtitctdar  coat. 


mfrrc4  of  the  small  intestine  are  chiefly  derived  from  the  superior 
\  pl€xu»«.  This  plexuis  is  formed  by  nervous  brancheji,  from  the  cadiac 
^  the  semilunar  gang-lion,  and  from  the  vagus  nerve.  The  plexus  and 
Hbrm  hnmches  into  which  it  divides  clin^  at  first  ver>'  closely  to  the  lai^er 
hDH  of  the  superior  mesenteric  artery,  and.  dividing"  mmilarly  with  the 
leationa  of  the  arteries,  the  branches  of  the  nerves,  retaining  still  a  vnde 
form  arrangement,  pass  onwards  to  the  different  parts  of  the  intestine  between 
wo  tolda  of  the  mesentery,  and  finally,  separating  somewhat  from  the  blood- 
^,  TOAch  the  iBtertine  in  very  numerons  branches  to  lie  distributed  in  its 
i  Panmg  first  between  the  loni^itudinal  and  circular  layer  of  the  muficnlor 
ih^  hBte  fonn  a  close  gangliatod  plexua  throughout  the  whole  ^t«fn^ 


bc^t      J 


Rg,  632. — Lthpiiatio  fixtcb  (?)  xnn  matrorj  it^KTrs  (»)  tv 
TEK  iKTMTiKi  (Au«rUw:hU 

Froin  Meisaner'ii  plexus  iierTe'fibre8  jaoB  to  be  distributed  to  the 
of  the  muoons  membrane,  breftkmg'  np  into  fine  fibrils  which  IbI 
of  the  fibre-cells  of  this  lajer^  whilst  other  fine  fibrils  forai  a 
plexni  in  the  proper  ti<«!me  of  the  mnoons  ooet.  and  appear 
towards  the  epithelinm,  but  the  further  oomse  of  t^ese  haa  not 


BFSOX&I*  OH^RAGTSBS  AKI>   €ONKKCTTONB   OF   TSM 
OF    THX    BMJlLI^   IKTX8Tnfm. 

DuoDENiTM.— Tliis  is  tbe  abortest  and  widest  part  of  ibe  mi 
tine.  In  length  it  mcaanres  about  10  incbes,  and  in  diimclcr 
between  1|  and  2  inebes.  In  its  coarse  it  describes  a  Btmle  Is] 
of  an  almost  circular  shape  but  moulded  over  tbe  frantoc  tllr  1 
column  (see  fig.  550,  p.  |]35)  ;  tbe  termination  in  tbe  jtJQni 
in  the  empty  condition  of  the  stomach,  only  a  bttlc  to  Ilia  bl 
commencement  (Branne).  The  cODcaTity  embraow  the  had 
pancreas. 

It  has  no  meacntery,  and  is  covered  only  partiaDy  bj  tliB  pol 
Its  muscular  coat  is  comparatively  thick,  and  ita  tub-HHOol 
towards  tha  pylorus  is  the  seat  of  the  ^anda  of  Bmaaa; 
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L     The  coinmon  bile-duct  and  the  pancreatic  duct  open  into 
of  the  intestinal  canal. 

portions  of  the  doudenum  are  described  by  anatomists. 
irst,  or  superior  portion,  ahont  tH^o  inches  lon^^,  extends  from 
rus  upwards,  backwards,  and  to  the  right,  as  far  as  beneath 
c  of   tbe  i^all -bladder,  where  it  bends  suddenly  downwards. 
b  portion  of  the  duodenum  m  for  the  moat  part  moveable, 


-Vratr  OP  TUE  prouENUM  from 
[sUghtlj  altered  from  LuschJbi},     | 

twelfth  dojval  verteHm  aiidrib  ;  1, 
Btreir^  proceasaca  of  tli^  first,  thiFtl, 
d  fifth  ka  Itiailjar  vcrtebm  ;  2, 
secoaJ  OQ  the  right  Bt<le  ;  «» -7,  the 
aorta  ubove  the  ccelioc  aids  aad  &lflo 
ifurcfttiou  ;  m^  f>a|>crior  mesenteric 
r,  the  votiA  cira  above  the  r^ud 
i«ar  the  bifurcitiori  ;  p^  jilacctl  on 
irt  of  the  ducHleimm,  ]>omt<i  to  tbe 
fice  seen  from  tlio  side  next  the 
if  which  a  small  part  m  left  coo- 
I  tbe  ijitejitinc  ;  r/,  on  the  i.leJ*ccnd- 
nd  pwt  of  the  duixlemtm*  irnUcates 
klioii  of  thtj  c^miuou  bik'diiet  and 
tlic  (^luct ;  (t^  the  tkinl  or  obliquo 
duodenom  :  j,  the  commencement 
i  an  urn.  (ThU  b  represented  ju 
r  to  the  leftf  instead  of  ctUTiEg 
is  actaallj  the  cise.) 


Fig.  533. 


Bted  by  peritoneura  like  the  stomach,  Abovo»  and  in  front  of 
le  liver  and  gall-bladder,  and  it  is  commonly  found  staiaed  by 
latiun  of  bile  from  the  latter  a  few  hours  after  death.  Behind 
biliar}*  duct,  with  the  blood-vessels  passing  up  to  the  liver, 
scond,  or  descendifuj  portion,  commencing  at  the  bend  below  the 
the  gall*bl adder,  iklsscs  don  n wards  as  low  as  tbe  second  or  third 
^ertebra,  wliere  the  bowel  turn^  across  to  the  left  to  fonn  tho 
rtion.  This  part  of  the  duodenum  is  invested  by  the  i>erito- 
L  its  anterior  surface  only, — the  posterior  surface  being  con- 
0  the  ri^ht  kidney,  the  renal  vessels  aud  the  vena  cava  by 
.issue.  In  front  is  the  transvei-se  colon  and  mesocolon,  which 
inoiis  with  the  peritoneal  covering  of  the  duodenum.  To  tbe 
ahead  of  the  pancreas  (see  fig.  551,  p.  635),  which  adapts  itself  to 
e  of  the  intestine  on  that  side,  and,  according  to  Yerson,  some  of 
itndinal  muscular  fibres  of  the  gut  are  intercalated  amongst  the 
us  lobules  of  tiie  gland.  The  coinmon  bile-duct  descends* 
be  left  border  of  this  part  of  the  duodetuim,  and  the  pancreatic 
sompanies  it  for  a  short  distance.  In  the  interior  the  valvnlaj 
Ltes  appear  numerously  ;  and  a  downwardly  projecting,  papillary 
5  of  the  mucous  mctnbraue  is  fuund  immediately  below  one  of 
out  four  inches  below  the  pylorus,  on  the  inner  and  back  jmrt 
ntestine,  at  the  apex  of  which  is  seen  the  common  orifice  of  tho 
nd  pancreatic  ducts. 

bird,  transverse  or  oblique  portion  {(t),  soraewliat  the  longest  and 
It,  beginning  on  the  right  of  the  third  Inrnljar  vertebra,  crosses  in 
the  second  vertebra  oliJigueJ/ from  right  to  left,  finaWy  ma\dugah 


i 


liuc:  j^jixuiiixu* 


|^«LXl-CU.j.    c^u     VUjCIU    |JVrLJ 


band  descendrng-  from  the  left  cms  of  the  diaplu-agm  sxtn 
occlioc  aiid.  According-  to  Trcita,  plain  muscular  fibres  € 
BOarces  to  tlila  part  of  the  duotlenum.  In  sabjects  in  wh 
large  and  dilated^  the  curve  of  the  duodenum  may  descem 
iliac  crest}  but,  owing  to  the  support  given  bj  the  bond  a] 
cjctremity  raamtains  a  uniform  position. 

Jejukum  and  Ileum.— The  jfjunum,  originallj 
having  l)een  supposed  to  bo  empty  aft^r  death,  folk 
and  includes  the  upper  two-fifths  of  the  remainder 
tine,  TYhile  the  enccceding:  three-fifths  constitute  tb 
from  its  Bumerous  coils  or  convolutions.  Both  thj 
ileum  are  attaclied  and  supported  by  an  extensive  : 
termed  the  mesenteri/.  The  mesentery  of  the  small 
greatly  frined  out  in  front  to  con-espond  in  length 
and  ileum  to  which  it  affoi-ds  support,  is  attached  p 
short  border  which  extends  from  the  level  of  attach 
verse  colon  immediately  to  the  left  of  the  middle  liu 
the  right  iliac  fossa,  where  the  ilemn  faJlB  into  tl 
widest  pait  the  length  of  the  mesentery  is  from  1 
between  its  vertehral  and  its  intestinal  border.  Beti 
of  peritoneum  of  which  it  consists,  are  placed,  besides  i 
branches  of  the  superior  mesenteric  artery  and  v 
nerves,  lacteal  vessels,  and  mesenteric  glands.  The  i 
jejunum  are  situated  in  part  of  the  umbilical  and  lefl 
regions  of  the  abdomen  ;  while  the  ileum  occupies  pof 
and  right  lumbar  and  iliac  regions,  together  with  th 
its  lower  part  descends  into  the  pelvis  supported  by  i 
From  here  it  aacends  obliquely  to  the  riglit  and  sou 
over  the  corresponding  psoas  muscle,  and  ends  in  the  \ 
opening  into  the  inner  side  of  the  commencement  of 
The  character  of  the  intestine  gradually  changes  fro 
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is  probably  oonnected  with  the  persistence  of  a  part  of  the  yitelline 
foetal  life.    They  are  not  to  be  confounded  with  hernial  protrusions 
membrane,  which  may  oconr  at  any  point. 


Zdtaratiiro  of  the  small  Intestine. — Verson,  in  Strieker's  Handbook, 

r,  in  Ber.  d.  Sachs.  Gesellsch.,  1872  (blood-yessels) ;  Schwalbe,  in  Arch. 

i..  Till.,  1S72  (Brunner's  glands);  Hddenhain^  in  Arch.  f.  mikr.  Anat., 

I  (Bnmner's  glands),  and  artide  in  Hermann's  Handb.,  1881 ;  Thannkofer^  in 

I  Ardi.,  VIIL,  1878,  and  Med.  Centralbl.,  1876  (fat  absorption) ;  H,  Wainey,  in 

ilndbl.,  1874,  and  PhiL  Trans.,  1876  (simctnre  of  alimentai^  canal,  and  &t 

a)  ;  DtfoiM^  in  Bev.  d.  scL  m^.,  1874  (vessels) ;  CfriUzner,  in  Fflager's  Arch., 

nmer's  glands);  Winiwarter,  in  Wiener  Sitzongsb.,   1876   (lacteals) ;  Exner, 

Sitxangsb.,  1877  (action  of  longit.  muscles);  Klose^  Dissert.,  Breslau,  1880 

lieberkiUm) ;  ffofmann,  Dissert.,  MOnchen,  1878  (solitary  g^nds). 

I  THE    IiABGE    INTESTINE. 

I  large  intestine  extends  from  the  termination  of  the  ileum  to  the 
It  IS  divided  into  the  caecum  (with  the  vermiform  appendix),  the 
md  the  rectum ;  and  the  colon  is  again  subdivided,  according  to 
lotion,  into  four  parts,  called  the  ascending,  transverse,  and  descend- 
lODy  and  the  sigmoid  iSexure  (fig.  520). 

plength  of  the  large  intestine  is  usually  about  5  or  6  feet ;  being 
qone-fifth  of  the  whole  length  of  the  intestinal  canal.  Its  diameter, 
Mbr  the  most  part  greatly  exceeds  that  of  the  small  intestine,  varies 
neoit  points  from  two  inches  and  a  half  to  about  one  inch  and  a 
tit  diminishes  gradually  from  its  commencement  at  the  caecum  to 
jtBiination  at  the  anus ;  excepting  that  there  is  a  well-marked  dila- 
;0f  the  rectum  just  above  its  lower  end. 
oatward  form,  the  greater  part  of  the  large  intestine  differs 


Fig.  634. 


M^ OlTTLnni    SKKTCIf    OF   A  8K0- 

<Mr  THB  ASCKHDiwa  coLov  (Allen 
mm).    } 

IMM  covering ;  /,  i^,  reflection  of 
I  the  attached  border  forming  a 
ride  mesentery,  between  the  folds 
ik  tlie  Uood-vesseht  are  seen  pass- 
tiw  colon  ;  a,  one  of  the  appen- 
jjiirM****  hanging  from  the  inner 
I  im,  indicates  at  the  free  border 

llie  three  bands  formed  by  the 
rilg  of  the  longitudinal  muscular 
iw  dotted  line  continued  from  the 
•  el  these  bands  represents  the 
dor  of  the  longitudinal  muscular 
and  the  thick  line  within  it 
1  c  My  represents  the  circular  mus- 
lljery  m,  the  mucous  membrane 

JeUened  part ;  r,  the  crescentic 
er  indentations  which  divide  the 


fablj  from  the  small  intestine  ;  for,  instead  of  constituting  an 
cylindrical  tube,  its  surfece  is  thrown  into  numerous  sacculi, 
dd  off  from  each  other  by  intervening  constrictions,  and  arrang^ 
■ee  longitudinal  rows,  separated  by  three  strong  flat  bands  of  longi- 
d  muscular  fibres.    This  sacculated  structure  is  not  found  in  the 


ftU^ 
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STHUCTTrRB    OF   THB   liARGli    TNT^STimm, 


The  large  intestine  liag  four  coats,  like  those  of  fchc  sic 
small  inteetiiie,  namely,  tbe  scroui*,  muscular,  submucous,  and 

The  serous  coat  i&  for  the  most  part  Bimikr  to  that  of  tb 
tc&tme,  except  that,  along  the  colon  and  upper  part  of  the  re 
prolongeil  into  numerous  little  projections,  which  enciosfe 
Hinount  of  fat,  and  are  termed  airpemiiccn  (pijjioica* 


Rl<«ei 
o,  of  UiQ  nbbit ;  6,  of  the  dog.     f,  tnuifrem  wdioa  of  a  gluiil  «l  tfct  1^ 


The  mnsctdar  coat  J  ike  that  of  the  other  parts  of  the  in 
conffiBtfl  of  external  longitudinal  and  internal  circular  fibim 

Tbe  hngUudmal  fibres,  althoutrh  found  in  a  certain  amoiuii  i 
the  intestine,  arc.  in  the  csecum  and  colon,  more  thicUjr  fscfa 
three  remarkable  f!at  lonj^'tiidinal  bands  (fig*  534^  /m;  fig.  W 
bands,  ^metimcd  called  the  ligaments  of  the  ooioiit  an  dxAl 
inch  wide,  and  half  a  line  thiek  ;  they  commeiioe  npoo  tibciii 
the  ciecum,  at  the  attachment  of  tbe  ^  "  ui  Ap|icotil«i 
be  traced  along  the  whole  length  of  the  .   ,  £uris  tbini 
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( rectum,  where  they  spread  out,  so  as  to  surround  that  part  of 
lal  tube  with  a  uniform  layer  of  Inngitudiiial  muscular 
e  of  these  bauds,  tlie  jfosirn'or^  is  placed  nUm^  the  attached 
le  mtestiiie ;  another  runs  alouj^  it^i?  anUrior  border,  and,  in 
trsc  colon,  cori-espoiids  with  the  attachment  of  the  great 
whilst  the  third  band  (inner)  is  found  on  the  inner  border 
iding  and  descending  c*olon,  and  on  the  under  boirler  of  the 
cw>lon*  It  is  along  the  course  of  this  third  band  that  the 
epiploic^  are  most  of  them  attached  (fig.  bM^  a),  Me^ured 
.o  cud,  these  tliiee  hands  ai'c  shorter  tlian  the  intervening 
2  tulie  ;  and  the  latter  are  thus  thrown  into  the  Baccuh'  al- 
ioncd  :  accordingly,  when  the  bands  are  removed  by  dissection, 
arc  entirely  effaced,  and  the  colon,  elongating  couflidembly, 
s  cylindricid  form*  The  ti^ansversc  constrictions  seen  on  the 
the  intestine,  l)ctween  the  sacculi,  appear  on  the  inside  as 
B  separating  the  cells,  and  are  compo&ed  of  all  the  coats,  in 
rm  appendix  the  longitndiual  muscular  fibres  are  disposed  in  a 
'er. 

ilar  muscular  fibres  form  only  a  thin  layer  over  the  genci-al 
be  csaicnm  and  colon,  but  arc  accumulated  in  larger  nund^ere 
iiwxidi.  In  the  rectum,  esjiecially  towards  its  lower  jmrt, 
*  fibres  form  a  very  thick  and  jKnverfuI  muscular  layer, 
iEiiLCoii9  or  areolar  coat  resembles  in  all  respects  that  of  the 
;ine. 
»)ii8  membrane  differs  &om  tlmt  of  the  small  iotcstiiie  in 


F1g.53«. 


lOOD-TBflSnS    OF    vkmt     iktestihb 
TxjiTiCiU.  FBCTios  (KoUiker). 

mtmn^  np  from  snbmacosa ;  e,  ^em 
ftptU&rj  plexutf^  b,  wliieh  aiiiroujidM 

th  and  deeti t»ite  of  villi.  View- 
lens,  its  surface  is  seen  to  Ikj 
over  by  the  orifices  of  nume- 
ar  glands  (rrf/pis  of  Lierhfr- 
585),  resembling  those  of  the 
stine,  but  longer  and  more 
ind  further  distinguished  from 
e  large  number  of  nuicns-cells 
^  contain.  Indeed  in  some 
1  the  cells  of  these  glands 
imd  to  be  filled  with  mucus 
0  ;  in  others  every  alternate 
ts  this  character,  ttic  ot^ls  be- 
;  of  the  ordinai7  columnar  kind. 

idji  are  atimulated  to  active  secretion  the  muctiB  is  dischflrged  and 
!  the  appearance  of  ordiiiarycoIuaBnar  epithelium -cells  (Kloae> 


I  over  the  whole  lar^^e  intestine  lymphoid  nodules  are  foimd, 
lie  mUt&ij glands  of  the  small  intefitiue,  but  le^as  ^lomiBsai^- 


iai.u.xt*w«   a,xA   «luv^   &3tuj-i\> 


VtJ,\>      f  liMJ,    \ft.     V&HJI  4 


VeMselB  and  Nerves. — In  tlie  large  mtestine  an  amm 
plexuses  and  venous  radicles  obtaiiiE,  similar  to  that  wMd 
in  tlie  stonmcli  (fig-.  5B6),  The  arrangemoit  of  the  Ijmphal 
eame. 

Nervous  plexu'^es  tilmllnr  to  tlioBe  of  the  fmall  iatestme  | 
muacnlar  and  submucoua  coats  of  the  Uirge  intestine. 


SPECIAXt    OHAR&CTBHB    AND     CDNKECTIONS    OF    TB3&    ] 
OF    THB    I&AHaS    INTEBTIICS:. 

The  O^citm. — The  infestmim  tmcjim^  or  caput  €| 
part  of  the  large  iiiteBtiiie  which  is  situated  below  th 
ikum  (fig.  520,  cc)*  Its  length  is  about  2\  inch€% 
nearly  the  same  :  it  ia  the  widest  part  of  the  large  intc 

The  cijecum  is  situated  in  the  right  iliac  foasa^  immi 
anterior  wall  of  the  abdomen.  It  is  covered  by  the  pe 
below,  and  at  the  sides  :  but  behind  it  is  UBually  desfci 
covering,  and  is  attached  by  areolar  tissue  to  the  fa 
right  ilia  ens  muscle*  In  this  case  the  cfeciim  is  ooi 
but  tu  other  instances  the  peritoneum  surrounds  it  all 
forms  a  duplicaturc  behind  it,  called  miso-cmum. 

Coming  off  from  the  inner  and  back  part  of  the  caf 
end,  IB  a  norrow,  round,  and  tapering  portion  of  th« 
the  ajypendix  caid,   or   vermifonii  appendix.      Tl 

I>roceB8  is  usually  about  that  of  a  large  f|uill  or  ratj 
ength  varies  from  S  to  C  inches,  these  dimeusions  i 
ditferent  cases.  Its  general  direction  is  upwards  aon 
the  ctecum  ;  and  after  describing  a  few  slight  turns 
point.  It  is  retained  in  its  position  by  a  small  fd 
which  fonns  its  mesentery.  The  ccecal  appendix  ifl 
its  extremity  :  and  its  cavity  communi elites  with  tl 
by  a  small  orifice,  sometimes  guarded  bj  a  vaLvii^ 


^mlre  composed  of  two  segments  or  folds.  This  is  the  Ueo-cctml 
^Senhrolk  valve:  it  is  eIbo  called  the  valve  of  Baiihm  and  the  valve 
*ttlpiuB,  although  FallopiuB  had  described  it  before  cither  of  those 

■NDlStS. 

be  lie tim  communicates  with  the  colon  by  a  narrow  eloi)<^tcd  slit-like 
pan^  \yiug  nearly  transvei'selj  to  the  diitction  of  the  Iiuge  intestine. 


m 

^nr. — ^v«w  Of  Till; 


ILEO-COilC 


Pig.  637. 


iibowA  ihe  lowest  part  of  the 
joiaiog  tke  caecam,  e,  &nd  the 

cotoiif   o,    wbich    hJaTU   Ijetn 
aateriorljTT  so  as  to  dbplajr  the 
tbItc  :  a^  the  lower,  auU  c,  the 
lent  of  the  valve. 


rtnre  is  ronodcd  and 
[at  it^  nnt-crior  end  which 
BUmed  slightly  to  the  left,  !)ut 
I  posterior  end  is  narrow,  and 
aited.  It  is  bounded  aljove 
i  below  by  two  prominent 
pilimar  folds,  which  project 
iuds  towards  the  c^ecnm  and 
<HL  The  npjier  of  these  (fig, 
7i  e)  is  honaontal,  the  lower 
I  hffger  (a)  slightly  oblu|ae. 

each    end  of  the    aperture 
86   fbldji  coalesce,  and   are  then   prolonged  as  a  single  ridge  on 
h  side  for  some  distance  round  the  cavity  of  the  intestine,  form- 

the  fr(rrta  or  retinacttla  of  the  valve.      The  opposc^d  surfaces  of 

Talvular  folds  which  look  towards  the  ileum,  atui  are  r<mtiDuoiis 
k  its  mucous  snrfiice,  are  covered  hke  it  with  villi  ;  while  their  other 
Saces,  turned  toward  the  large  intcBtiue,  are  smooth  and  destitute 
^h'.  \VTien  the  caecum  is  distended,  the  fnena  of  the  valve  are 
tched,  and  the  marginal  folds  bronght  into  apprksitimi,  so  aa  com- 
ely to  close  the  aperture  and  prevent  reflux  into  the  ileum,  while  at 

Bune  time  no  hindrance  is  offered  to  the  passage  of  additional 
f*cr  from  thence  into  the  large  intestine. 

2ach  segment  of  the  Aaive  consists  of  two  layers  of  mucous  membrane, 
Hinuous  with  each  other  along  the  free  margin,  and  ioclnding  hetweeis 
an,  besides  the  submucons  areolar  tissne,  a  number  of  muscular  fibres, 
itinaed  from  the  circidar  fibres  of  the  ileum  and  of  the  large  intestine, 
le  longitudinal  muscular  fibres  and  the  iK'ritoneal  coat  take  no  pait 
the  formation  of  the  valve,  but  are  stretched  across  it  nninterruptedly 
tn  one  intestine  to  the  other* 

rsE  Colon. — The  ascending  cou)N.  situated  in  the  right  Itimbar 
I  hypochondriac  regions,  commencing  at  the  ciecum  opposite  to  the 
>-ciecal  valve,  ascends  vertically  to  the  under  snrlac^  of  the  liver,  near 
gall-bladder,  where  it  proa^eds  forwards  and  then  turns  abruptly^ to 
feft,  forming  what  is  named  the  hfjmtie  fiexitre  of  the  colon.  The 
Sliding  colon  is  smaller  than  the  cwcmn^  but  larger  tiitkn  t\ie  t£«s\&^^ 
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Tei-sc  colon.  It  is  overlaid  in  front  by  some  convolutioiis  of  the  i 
and  is  bonnd  down  firmly  by  the  peritonenm,  Trhich 
anterior  Biirfacc  and  its  sides,  and  generally  leaves  an  interval  nil 
iU  i>osterior  surCac^  ijs  connected  by  areolar  tiseae  with  the  faadii 
ino^  the  qnadratns  inmbtirum  nniscle,  and  with  the  froDt  of  tibei 
kidney.  In  some  cages,  however,  the  peritonenm  passes  oearfj  ] 
and  thns  forms  a  distinct  thoogli  very  short  meso-oolon. 

The  TRAXsvERSE  roLON  dceeribes  an  arch,  the  convexity  of  \ 
tnmed  towards  tlie  anterior  aMominal  wall ;  and  it  has 
iK^en  named  the  arfk  of  the  cfilon.     It  paKses  across  from  the  rifhtl 
chondrinm,  throiin^h  the  upper  part  of  the  nmbilical  r     '  Loj 

left  hypocliondrium.     Sometimes  it  is  fnnnd  as  low  as  t  ji^ 

even  lower.  At  each  extremity  it  is  sitnated  deeply  t' 
part  of  the  abdominal  cavity,  but  in  the  middle  it  cur\ 
lies  close  to  the  anterior  wall  of  the  al>domen. 

Above,  the  transvei-se  colon  is  in  contact  with  tlie  under  sorfiieej 
the  liver,  the  g^all-blndder,  the  grexit  cnrvature  of  the  Btomaxzh*  and  1 
lower  end  of  the  spleen.  Below  it  are  the  convolutions  of  the  i 
lEtestine,  tlie  third  portion  of  the  duodenum  being  behind  it>  III 
invested  by  the  general  peritoneum,  which  forms  a  eejiarate  fold  lit  I 
the  transrfrse  fmso-rohUf  and  in  front  it  adheres  to  the  lower  UMi 
the  sac  of  the  omentum. 

The  DESCENDING  COLON  IS  contiuuons  with  the  left  extremity  if  I 
transverEe  colon  by  a  midden  bend  named  the  splenic  fit j\irt^    A%t 
bending  there  is  found  a  rfmurkable  fold  of  peritoneum,  thee^ 
or  pleuro-folic  Iff^mmnt^  which  Btretchea  with  a  lunated  free  bctderltll 
colon  from  the  diaphragm,  opposite  the  10th  or  11th  riK    if  ^ 
pointed  out  by  Ilaller^  it  supports  the  spleen  although  unoomiei 
that  organ,  and  might  be  tenned '*6ustentacnlum  lienia.**    Tin  I 
then  deseendg  almost  perpendicularly  tliruugh  the  leffc  hj^ 
and  lumbar  regions  to  the  left  iliac  fossa,  wuere  it  ends  iii'thei 
flexure.     The  peritoneum  aflfordi  a  covering  to  it  only  in  front  < 
at  the  sides,   whilst  behind  ft  is  connected  by  ai\H>lar  tissue  to  I 
diaphragm^  the  nuadratus  lumborum,  and  the  Ich  kidney.    It  if  1 
concealed  behind  some  convolutions  of  the  jejunum. 

The  SIGMOID  FLEXUHE  of  the  colon,  situated  in  the  left  ihac  I 
consists  of  a  double  bending  of  the  intestine  upon  it^df  in  the  fti 
the  letter  8,  immediately  before  it  becc*mes  continuous  with  tbei 
at  the  margin  of  the  pelvis  opposite  to  the  left  sacro-iliac 
It  is  attached  by  a  distinct  meso-colon  to  the  iliac  foaai, 
movable,  falling  into  the  pchia  when  the  bladder  is  einp^*    It  ill 
immediately  behind  the  anterior  wall  of  the  abdomen,  or 
only  by  a  tew  turns  of  the  sniall  intestine.     The  sign^id 
narrowest  part  of  the  colon. 

Tub  Rbc?titm.— The  lowest  portion  of  the  kirgo  iatceiijie^  i 
rectum^  extends  frrnn  the  sigmoid  flexure  of  the  colon  U>  the  ; 
situated  entirely  within  the  true  pelvis,  in  its  back  part  (fi^. 

Commencing  opijosite  tlie  left  8acr*>iliac  articulation,  ii  ta 
at  tirst  obliquely  dowuwanls,  and  from  left  to  right,  to  giiin 
line  of  the  sacnim.    It  then  changes  its  direction,  and  conm 
in  front  of  the  lower  part  of  the  sacrum  and  the  ooocyx,  and 
the  bladder,  vesicute  seminales  and  prostate  in  the  male,  wad  ai 
back  of  the  cervix  uteri  and  vagina  in  the  female*     OppOiMt  tit 


^  538. — Vkbtical  sicTfun  or  thb  nsLTSs  asj>  its  vrscimA  15  tsb  mals 
(AUeii  Thomsno,  aft«r  Houston).     | 

Ggin«  is  inlrotTuced  to  illustrate  the  form,  fjonition,  and  relations  of  the  rectnm  ; 
hows  tJie  bUdder  and  urethra  with  the  peWic  inflection  of  the  perttoaeiiiu  over 
Ewerm :  r,  f*»  r,  the  ufiper  and  middle  parts  of  the  rectum,  iitid  at  the  mtddlo 
le  fold  »epanitmg  the  two ;  r,  a,  the  lower  or  aiwl  portion  ;  p,  the  wi'j>er  jtart  of 
oaf  bladder ;  r^,  the  base,  at  the  place  where  it  reeta  more  i  lu  mediate  I  j  011  the 
;  |>,  the  proetate  gkiul  and  proetAtic  jjortion  of  the  urethra ;  b,  the  l>ulb ;  <*,  e^ 
MM  caremosiuu  penia  md  impeasory  tigticrjent  ;  «e,  the  acrotum  ;  s^  sytuyhynla 


he  hollow  front  of  the  sacrum  and  coccyx,  and  the  other  at  the 
md  of  the  boweJ,  forming  a  shorter  torn  in  the  opposite  direction. 

'MirMtnum  rertum,  therefore,  bo  called  from  ita  oii^nol  deecriptioii  being 
from  oniinit^  ia  far  from  being  stmigbt  in  the  human  aubject. 

[ke  the  rest  of  the  large  intestine,  the  rectum  is  not  eacculated, 
Binooth  and  cylindrical :  and  it  has  no  separate  longitudinal 
upon  it.  It  is  about  eight  inches  in  length,  and  at  its  upper 
rather  narrower  than  the  si^ioid  flexure,  but  becomes  dilated 
I  ampulla  or  reserroir  immediately  above  the  ajms. 


the  female  on  the  back  of  the  upper  part  of  tlie  vagina' 
In  passing  from  the  rectum  t^>  the  bkidder,  the  peiitoi 
de-sac,  the  rectO'VCsicul  pouch,  which  extends  downwar 
intestine  imd  the  hlacklcr  to  within  an  inch  or  more  fr 
the  prostate,  and  is  hounded  above  at  each  side  bj  a  lun 
strouB  membrane,  of  which  tlie  left  is  almost  sdwajs  J 
terior  ligaments  of  the  bhidder),  ^ 

Below  the  point  where  the  peritoneimi  ceases  to  oaTH 
is  comiccted  to  surroundiug  parts   bj  areolar  tisatie,  n 
loaded  with  Hit.     In  this  way  it  is  attached  behind  to  tJ 
sacrum  and  the  coccyx,  and  at  the  sides  to  the  coocye 
ani  muscles.    In  front,  it  is  in  immediate  connect iofl 
gular  portion  of  the  base  of  the  bladder  (fig.  538,  v')  ; 
this,  with  the  vesiciiloe  scminaJes  ;  and  farther  forw^ardij 
surface  of  the  prostate  (/?)*      Below  the  prostate,  where 
downwards  to  reach  the  anua,  it  becomes  invested 
the  iutcrnid  sphincter,  and  embraced  by  the  levatoroi 
which,  as  well  as  by  the  triangular  ligament  of  the 
ported     Lastly,  at  ita  termination  it  is  surrounded 
.phincter  ani  mnscJe. 

In  the  female,  the  lower  portion  of  the  lectom  is 
with  the  back  of  the  ?agina. 

For  oonTeniencc  of  descripyon  the  rectum  is  fometim««  divi 
three  parts  ;  the  iirst  or  uppenno^^  about  3^  rnchen  long, 
of  the  3rd  sacral  TerbebTa  t  the  middle  part  (3  inches)  from 
of  the  coccjTX  ;  whiL^t  the  lowemiostt  about  an  inch  and 
wards  and  ^lownwarda  to  the  untis. 

Structure  of  the  Bectum. — The  rectum  diffeiB  in 
of  the  large  intestine,  in  the  struetrnt;  of  both  its  muAcular 

The   muscular  cmt  is  very  thick:  the  external  or  longitudi] 
nnifonn  layer  around  it,  and  near  the  low*cr  ead  of  the 
the  external  and  internal  sphincters,  and  end  partly  ami 
muscles,  partly  in  the  skin  of  the  anns.    The  internal 
more  numerous  towards  the  ann^,  where  they  form  the  inl 
The  loniritudinal  ibrea  are  naler  than   the  circular. 
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^rer©  nAmed  by  Mbrgtigrni  the  eoluvtfu  of  tlie  roctiaiD.    These  colnmiis 

%tMin  longitudinal  muscular  fibres  (apparentlj  part  of  the  nrnscularLs  mneosas), 

rh  t<?rinm»t«  both  Buperiorly  and  inferioiiy  in  elai^tic  ti&sue  (Treitz)*    Higher 

n  the  intestine,  the  chief  folds  are  tmnsverse  or  oblieiae.    Throo  prominent 

nrg-er  than  the  rcpt,  being  half  an  inch  or  more  in  depth*  and  having  tm 

direction  in  the  interior  of  the  rectum,  have  been  pointe<l  out  specially  by 

:i.     One  of  these  projects  backwardd  from  the  npper  and  fore  part  of  the 

opposite  the  prostate  gland ;  another  is  placed  higher  up,  at  the  side  of 

rcl ;  and  the  third  etill  higher.    From  the  position  and  projection  of  the«e 

titej  may  roore  or  le»<;  impede  the  introduotion  of  inHtmmenis  (Dublin 

Reports,  toL  v.),    Hermann  and  Beafoeses  describe  convoluted  glandular 

^  lyiniT  between  the  muMsular  bnndlea  of  the  internal  ephincter  and  oi^ening 

to  the  sorface  of  the  mucoas  mcmhmne  close  to  the  aiiutj  (Compt.  rend,,  xo. 

I  And  Nerves  of  the  Bectum. — The  oi'^mV^  of  the  rectum  spring  from 
tf  Tix.,  the  superior  hiomorrhoidiLl  branches  from  the  inferior  mesen- 
the  middle  hiemorrhoidal  branches  from  the  internal  iliac  directly  or 
ri-  t!j  ;  and*  lastly,  the  external  or  inferior  htcmonhoidal  branch  from  the 
ic  aj-tcry.    The  arrangement  of  the  vessels  is  not  the  same  throughout  the 
ctairn      Otct  the  greater  part  the  arteries  penetrate  the  muscular  coat  at  short 
txvu!^,  supplying  its  layers  as  they  pass  through,  and,  at  once  dividing  into 
brancbeti  in  the  tubmuooea,  form  a  network  by  their  intercommunication. 
Ike  lower  end,  for  four  or  five  inches ,  the  arrangement  is  different.     Here 
zmeHa^  haring  penetrated  the  muscular  coat  at  difercnt  helght^f  assume 
jitndinal  direction ^  passing  in  parallel  lines  towartld  the  end  of  the  bowel. 
ibeir  pgogrew  downwardi  they  communicate  with  one  another  at  intervals. 
~L  thejr  are  yery  freely  connected  near  the  orifice,  where  all  tlie  arteries  join  by 
i»rciae  branches  of  considerable  sij^  (R,  Quain). 
Tki  rrims  are  rety  nmaeroui,  and  form  a  complex  interlacement  resembling 
bail,  of  the  artenes  jnst  dOBcribedj  and  namal  the  hirnwrrhmdai  jfhxujf.    After 
^^jQuaing  »  longitudinal  ooncee  upwarda  similar  to  that  of  the  arteries  which 
'  aooompany,  they  end  partly  in  the  internal  iliao  yem  by  branches  whieh 
Dpaaj  the  middle  haomorrhoidal  artery,  and  partly  in  the  inferior  mesenteric 
Hence,  the  blood  from  the  rectum  is  returned  in  part  into  the  yena  caya, 
^M  in  part  into  the  portal  system. 

I        Tlie  lymphatu^i  enter  some  ghinds  placed  in  the  hollow  of  the  Boenun,  or  those 
^Kflhe  lumbar  eeriea. 
Tbe  Rrrrrt  are  very  numerous,  and  are  derived  from  both  the  cerebro-spinal  and 
^1*  iym|iatbetic  systems.    The  former  consist  of  branches  derived  from  the  sacral 
lieiiis ;  and  the  latt^^r  of  offsets  from  the  inferior  mesenteric  and  hypogostrio 


ft 
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THE  ANXS  AKB  ITS  MUSCLES. 

The  unm,  or  lower  opening  of  iha  alimentai7  canal,  is  a  dilat^ible 
wMctfMt  which  the  mucous  membrane  and  skin  become  continuoiis  with 
mA  other.  The  skin  around  the  Ixirdcrs  of  the  anus,  which  fs  thrown 
ifiCa  wrinkles  dazing  tlie  closed  state  of  the  orifice,  m  covered  with  nume- 
IMi  pMtUae,  and  is  provided  with  hairs  and  large  sebaceous  follicles. 

The  lower  end  of  the  rectum  and  the  margin  of  the  anu3  are,  more* 
§ifttf  embraced  bj  certain  muscles,  which  serve  to  support  the  bowels 
•od  to  close  it«  anal  orifice*  These  mtiscles,  proceeding  fi'om  within 
OQiirarda,  are,  the  internal  sphincter,  the  levatores  ani,  the  ccccygei^  and 
Ihc  external  sphincter.  The  three  last  muscles  have  already  been 
deKfCbed  in  VoL  I. 

The  intenud  sphincter  xnmscle  m  a  muscolar  ring  or  rather  belt, 
■DrrouDduig  the  lower  part  of  the  rectum,  an  inch  above  the  anus,  and 
cxlending  orer  about  half  an  Inch  of  the  intestine.  It  is  two  lines  thick, 
■ad  is  peler  than   the  external  sphincter.    Its  fibres  are  coutinuouB 
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above  with  the  circular  mnscular  fibres  of  the  recfcnm,  and, : 
consists  merely  of  those  fibres  more  numerouslj  developed  ( 
where,  and  prolonged  farther  dovra  than  the  external  kn 
fibres. 

Eohlrausch  describes  a  thin  stratnin  of  fibres  between  the  mnoon  i 
and  the  internal  sphincter,  these  fibres  having  a  longitadinal  directioo. . 
to  Henle  this  is  nothing  more  than  the  longitadinal  fibres  of  tiie  i 
mucosas  ;  but  Eohlransch  gives  it  a  distinct  name,  the  BnstentatortainB 
(cormgator  cutis  ani  of  Ellis).  (Eohlrausch,  Auat.  nnd  Phya  d.  Beck 
Leipzig,  1854  ;  Ellis,  Illustrations  of  Dissections.  London,  1S65  ;  iZM»i 
mikr.  Anat.,  XIX  1881  ;  Rvhin  et  Cadiat  in  Joum.  de  Tanat.,  1871.) 

THE    lilVEB. 

The  liver  is  the  largest  gland  in  the  body,  and  by  far  the  m 
of  the  abdominal  viscera.  It  measures  about  10  or  12  indi 
versely  from  right  to  left,  between  6  and  7  inches  from  its 
to  its  anterior  border,  and  about  3J  inches  from  above  downwv 
thickest,  which  is  towards  the  right  and  posterior  part.  The 
bulk  is  90  to  100  cubic  inches.  The  ordinary  weight  is  be 
and  60  ounces. 

The  liver  is  solid  to  the  feel,  and  of  a  dull  reddiah-faroim  eol 
frequently  a  dark-purplish  tinge  along  the  anterior  maigin. 

According  to  the  facts  recorded  by  Reid,  the  liver  weighed,  in  tt  4 
82,  between  48  and  58  ounces  in  the  adult  male ;  and  in  17  cmi 
between  40  and  50  ounces  in  the  adult  female.  It  is  generallj  flitii 
equal  to  about  l-36th  of  the  weight  of  the  whole  body ;  bat  in  tbi 
in  early  life,  its  proportionate  weight  is  greater. 

The  specific  gravity  of  the  liver  is  between  1*05  and  1*06  :  in  fatlgf  4 
this  is  reduced  to  103,  or  even  less. 

The  liver  is  di\aded  into  two  unequal  lobes,  a  right  and  a  k 
the  under  and  posterior  surfaces  of  the  right  lobe  are  three 
lobes  or  lobules,  named  the  lobe  of  Spigelius,  the  cauc^te  or  t 
and  the  square  lobe. 

The  right  and  left  lobes  are  separated  from  each  other  on 
surface  by  the  umbilical  fissure  (fig.  539  w./.)>  and  on  the  poster 
by  its  prolongation  the  fissure  for  the  ductus  venosus  (/i 
front,  their  partial  limit  is  the  interlobar  notch,  but  on  t 
surface  of  the  liver  there  is  no  other  indication  of  a  separatio 
them  than  the  line  of  attachment  of  the  fold  of  peritoneum  t 
broad  ligament.  The  right  lobe  is  much  larger  and  thickei 
left,  which  is  very  variable  in  extent  and  ordinarily  constitutes 
one-fifth  or  one-sixth  of  the  entire  gland. 

The  liver  is  usually  described  as  having  an  upper  convex  and  an  an 
surface  which  join  another  at  the  circumference  cf  the  organ  ;  the  1 
described  as  thick  and  rounded  behind  and  on  the  right,  but  sharp  i 
front  and  on  the  left.  This  description  applies  however,  only  to  the 
is  usually  examined,  viz. :  in  the  soft  condition,  and  after  removal  fRM 
But  it  has  been  shown  by  His  that  if  the  organ  be  caref oUy  haidcnfl 
considerable  part  of  its  surface  (comprehending  not  only  what  wai 
described  as  the  posterior  border,  but  also  portions  of  what  have  liil 
reckoned  as  belonging  to  the  under  surface,  viz.  a  part  of  the  lefl 
the  whole  of  the  Sv^seUoiii  \ci\^^.\Qoka  altogether  backwards,  and  m 
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^BooTrecUjr  de^ctibed  as  fonning  a  tMrd  or  posterior  eurface.    THs  modeC 
^Hptioa  of  the  toxfaoea  will  therefore  be  followed  hem. 

le  mpper  snrfaca  of  tlic  or«^ti  is  convex,  smooth,  and  covered  with 
unc'Uin.  It  is  marked  off  into  a  right  portion,  lar^je  iind  convex, 
m  left  p:irtioi3,  smullcr  and  flatter,  hj  the  line  of  attacliment  of  the 
a  ligament.  It  ia  exactly  monlde4  to  the  under  snrfnee  of  the  dia- 
fgau  atid  in  specimens  hardened  m  situ  exhibits  on  the  left  portion  a 
Ew  impression  corresp<:jnding  to  the  situation  of  the  heart. 
ixe  luider  stir£&ce  is  concuve  and  uneven.  It  is  invested  with  pen- 
mm  everywhere  ext?ept  where  the  c^all-bladder  (fjM.)  is  adherent  to 
md  at  the  portal  fissure  {j}}  where  tlie  fold  of  peritonenm  termed  the 


Fig.  53d. 


r.  539.— THI    LITIR   OP   A   YOFIfO   BUBJBCT,  fiUfCH?:!^  FKuM    BKL  -W    AhU  litMlSiK     (Th^ 

Ir»»ing  has  been  mawle  by  Mr,  Wealej  from  a  ca«t  prepared  under  the  flircction  of 
Prof.  Hia  of  Leipzig.)  i 

a.L.,  riglit  lobe  ;  LL.,  left  lobe  j  L  S.,  lobe  of  Spig^iw  ;  kC,  caudate  lobe ;  L-Q,, 
idiate  lobe;  p.  pf>rt*J  Bsanrej  «./,  umbilical  fissure  ;  /d,it,  fissiipo  of  tbe  diictuB 
Mwa*;  ^.W.,^l-bljid(lerj  v.c.i.,  wwi  caT*  mferior  ;  i.f/.,  impression  on  tbe under  sur- 
m  of  the  left  lobe  corresponding  to  the  rtotnacb  ;  r,  poHition  of  the  ^ardm  ;  Lo.  proj*^" 
n  of  the  posterior  surface  of  tbe  left  lolie  against  the  leaser  om«ntuTn  (tuber  oment^le^i*) ; 
.,  impreanacolica;  i.r.,  impressio  renal  i» ;  t.*r.,  impressiosupmrcniilis;  p\  p%  p*.  p  , 
m  0i  reBectioo  of  the  peritoneum ;   x  ,  surface  of  the  liver  uucovered  by  peritoneum. 

T  omentum  comes  off,  which  encloses  the  blood-vessels  and  ducts  of 
e  viscus,  and  passes  to  tbe  smaller  curvature  of  tbe  stomach.  1  he 
ider  surface  of  the  left  lobe  (uj.)  m  moulded  over  the  subjacxjnt  cardiac 
rt  of  the  stomach,  and  over  that  part  of  the  anterior  surface  of  the 
>mach  which  ia  next  to  the  lesser  cur^^ature.    Its  free  margut  is  ahar^. 
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curving  round  and  subsiding  posteriorly  and  mesiaHj.    The  i 
limited  in  its  anterior  part  by  the  umbilical  fissure,  bat  id  iu  [ 
part  it  slopcB  gradually  into  the  poilion  of  the  lobe  which  appeoii 
posterior  surface. 

The  under  surface  of  the  right  lobe  maybe  regarded  as  dirijWI| 
fossa  which  lodges  the  gall-bladder  (fossa  sen  impremio 
two  unequal  pjrtione.     Of  these  the  lateral  is  bj  far  the  hxpL^ 
maioly  occupied  by  two  large  shallow  concave  impressions,  one  i 
anteriorly  being  produced  by  the  hepatic  flexure  of  the  colon  t 
colka^  t\  f;),  the  other  and  posterior  one  being  caused  hj  th 
(impremo  reHaJis,  i.  r.)    These  two  impressions  are  separa^ 
another  by  a  low  ridge.    At  the  mesial  border  of  the  renal  iaip 
a  third  narrow  and  but  slightly  marked  impression  corrcspondiDf  I 
descending  part  of  the  duodenum  {im^'c^ssio  dtwdenalts,  i.  d^ 

The  mesial  of  the  two  parts  into  which  the  fossa  of  the  gafl-l 
subdivides  the  under  surface  of  the  right  lobe  is  soraeirhat  obloi|j 
quadrangular  in  shape,  and  is  knoT^n  as  the  quadraU  him  (L  Q.)* ' 
immediately  over  the  pyloric  end  of  the  stomach  and  the  oonime 
of  the  duodenum^  and  when  these  are  distended  they  imprcs  i 
surface  of  the  quadrate  lobe  a  slight  concavity.     It  is  bouDdd  ai 
lefl  by  the  umbilical  fissure  and  behind  by  the  transverse  or ; 
fissure. 

The  posterior  siirface  of  the  liver,  which  is  deeply 
the  convexity  of  the  vertebral  column,  comprehends  :— 1. 
leftlobe  which  lies  immediately  in  front  of  the  cardia,  and  abottit 
the  anterior  wail  of  the  omental  sac.    That  part  (r)  which  is  m«Mii| 
with  the  cardia  is  concave,  but  the  remainder  forms  a  coasid£iibte|^( 
tuberance  {L  o,)  projectinp^  over  the  lesser  curvature  of  the « 
This  posterior  surface  of  the  lefl  lobe  passes  with  a  gradual  i*  _ 
the  under  surface.    2.  The  Spujflian  Me  {lobulm  Sjngeli^  L.  &)iii 
cuudafe  lobe  (L.  C),  The  latter  is  a  narrow  nd^e  prolonging  the  f^"' 
kbe  towards  the  under  surface  of  the  right  lobe.     It  rrais  bd 
portal  fissure,  and  lies  immediately  over  the  foramen  of  Windof,! 
Spigelian  lolie  is  separated  from  the  left  lobe  by  tne  fissure  of  the  1 
venosus,  and  fix>m  the  posterior  surface  of  tne  right  lobe  by  the  h^J'J 
the  vena  cava.     Its  free  surface  looks  directiy  backwards,  and  i»l 
vertical  and  slightly  concave  from  side  to  side.     Superiorly  it  slop! 
towards  the  upper  surface  of  the  organ,  whilst  mferiorly  a  part  (i 
lobe  overhangs  part  of  the  transverse  fissure  and  projects  ^s^  ^ 
postenor  wall  of  the  omental  sac.     The  Spigelian  lobe  is  oppofii^^l 
tenth  and  eleventh  dorsai  veitcbrm.    It  rests  a^inst  thccniraof^L 
diaphragm,  especially  the  riglifc  cms,  and  l^K^hind  the  upper  left  hJ^ I 
comer  the  lower  end  of  the  oesophagus  passes  ohhqaely  into  the  I 
Lower  down  behind  the  left  border  is  the  end  of  the  tha 
separated  no^  ever  irom  the  liver  by  the  diaphragm.     (3).  A  s 
right  iobe  2i  to  8  inches  broad  ;  convex  for  the  most  partciccptl 
email  depression  at  its  lower  and  mesial  comer  which  nxxiiTOi  ! 
right  supra-renal   capsule   {mpressio  sitpra-rtfialis^    f.«r.)     In  i 
quencc  of  the  separation  of  the  layers  of  the  coronaiy  \h 
surface  of  the  right  looe  (fig,  539,  x  )  is  not  covered  by  peritOK 
at  its  right  extremity.    It  rests  against  the  aa«nding  parti 
phragmj  and  superiorly  passes  gradually  into  the  upper  wm 
fcriorly  it  is  sejanatttd  b^  ^  siijar^  margin  from  the  renal  imp 
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pder  surface.  This  margin  is  sloped  obliquely  downwards  and  out- 
« following  the  line  of  the  11th  or  12th  rib.  The  mesial  border 
ifiojccts  over  the  vena  cava. 

mtmnsverse  or  portal  fissure  (fig.  639,  p.)  is  the  most  important, 
^  >  it  is  here  that  the  great  vessels  and  nerves  enter,  and  the 
I  duct  passes  out    It  lies  transversely  between  the  quadrate  and 
lobes,  and  meets  the  longitudinal  fissure  nearly  at  right 

\hngUudinal  fissure,  between  the  right  and  the  left  lobes,  is  divided 
,^wo  parts  by  its  junction  with  the  transverse  fissure.  The  anterior 
^f.)f  named  the  umbilical  fissure,  contains  the  umbilical  vein  in 
US,  and  the  remnant  of  that  vein  in  the  adult,  which  then  con- 
\  the  round  ligament.  It  lies  between  the  square  and  the  left  lobe 
IB  Kver,  the  substance  of  which  often  forms  a  bridge  {pans  hepatis) 
m  the  fissure,  so  as  to  convert  it  partially  or  completely  into  a  canjj. 
posterior  part  (/.  d.  v.)  is  named  the  fissure  of  the  ductus  venosus  ; 
tftnated  between  the  lobe  of  Spigelius  and  the  left  lobe,  and  lodges 
toctiis  venosus  in  the  foetus,  and  in  the  adult  a  slender  cord  or  Uga- 
»  into  which  that  vein  is  converted. 

me  fissure  or  fossa  of  tlie  vena  cava  {v.  e.  i.)  is  situated  at  the  back  of 
rver,  between  the  Spigelian  lobe  and  the  right  lobe,  and  is  separated 
tiie  transverse  fissure  by  the  caudate  lobe.  It  is  at  the  bottom  of 
f  cesa  Uiat  the  blood  leaves  the  liver  by  the  hepatic  veins,  which 
bMre  in  the  vena  cava.  As  in  the  case  of  the  umbilical  fissure,  the 
fianoice  of  the  liver  in  some  cases  unites  around  the  vena  cava,  and 
MRS  that  vessel  in  a  canal. 

like  transverse  and  umbilical  fissures  are  on  the  under  surface  of  the 
'  S  the  fissure  of  the  ductus  venosus  and  that  for  the  vena  cava  are 
be  posterior  surface. 

ftlpunents. — The  ligaments  of  the  liver  are,  with  one  exception,  only 
otions  of  serous  membrane.  Thus  the  name  coronary  ligament  is  given 
ke  reflection  of  peritoneum  around  the  somewhat  tnangmar  portion  of 
posterior  surface  of  the  liver  (fig.  539,  x  ),  which  is  here  immediately 
^oent  to  the  diaphragm.  These  reflections  are  continued  at  either  end 
m  short  fold — the  right  and  left  lateral  ligaments,  of  which  the  left  is  the 
rcr  and  more  distinct,  the  right  being  sometimes  scarcely  perceptible 
tithers).  Another  of  these  so-called  ligaments  is  the  broad y  falciform, 
^ttspensory  ligament,  a  wide  thin  membrane,  formed  of  two  cooering 
5»B  of  peritoneum  continuous  behind  with  the  corresponding  .aycrs  of 
coronary  ligaments.  By  one  of  its  margins  it  is  connected  with  the 
Iff  surface  of  the  diaphragm,  and  with  the  sheath  or  the  right  rectus 
sdeof  the  abdomen  as  low  as  the  umbilicus ;  oy  another  it  is  attached 

Sthe  convex  surface  of  the  liver,  from  the  postenor  oordcr  to  the 
in  the  anterior  border :  the  remaining  margin  is  free,  and  contains 
wen  its  layers  the  round  ligament,  a  dense  fibrous  cord,  the  remnant 
the  umbilical  vein  of  the  foetus,  which  ascends  from  the  umbilicus 
lin  the  lower  edge  of  the  oroad  ligament,  and  enters  the  longitudinal 
ne  on  the  under  surface. 

^dtion  with  regard  to  the  abdominal  and  thoracic  parietes.— 
opying  the  ngnt  hypochondriac  region,  and  extending  obliquely 
ards  across  the  epigastric  region  into  a  part  or  tne  left  hypo- 
idrimn,  the  liver  is  accurately  adapted  to  the  vault  of  the  diaphn^m 
re,  and  is  covered,  to  a  small  extent  m  front,  m  the  subcostal 
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angle,  by  the  abdominal  wall.    At  least  an  inch  of  the  left 
to  the  right  of  the  middle  line.  The  right  lolx?  reaches  higher  ban 
ribs  than  the  left,  correspoodinn:  thus  with  the  eleratca  paritloD I 
diaphragm  on  the  right  side.     The  liver  is  separated  by  the  d' 
from  the  concave  base  of  the  right  Inng^  the  fchin  margiii 
descends  su  as  to  intervene  between  the  sorlace  of  the  body,  and  tk ^ 
mass  of  the  liver. 

The  convex  surface  is  protected,  on  the  right,  by  the  7tli  tj>tiit| 
ribs,  and  in  front  by  the  cartilages  of  the  (*th,  7th,  8th,  and  Dtb  i  ^ 
by  the  enaiform  process — the  diaphragm >  of  course,  bein^  interponl^ 
situaticiu  of  the  liver  is  modified  by  the  position  of  the  body,  i 
by  the  movements  of  respiration  ;  thus,  in  the  upright  'or 
posture,  it  descends  to  just  below  the  lateral  margin  of  the  thtifix ;] 
in  the  recumlxjiit  position  ascends  an  inch  or  an  inch  and  a  half  I 
up,  and  is  entirely  covered  by  tlie  ribs,  except  a  small  p^rtioa 
site  the  subcostal  angle.  During  a  deep  mspinition,  the  hvcrl 
descends  below  the  ribs  even  in  the  reeumbent  poeture,  and  in  itxm ' 
retires  upwai-ds  behind  them.  In  females  it  is  often  permancnifyi 
downwards  below  the  costal  cartilages,  owing  to  the  use  of  tight  i 
sometimes  it  reaches  nearly  m  low  as  the  crest  of  the  Oinm ;  I 
many  such  cases,  its  convex  surface  is  indented  from  the  pressure  «f  I 
ribs. 

TesselB  and  Jferrefi,— The  two  vessels  by  which  the  liver  ii 
with  blood  are  the  hepatic  artcr}'  and  the  portal  vein.     The 

Fig.  HQ. 
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Fig.  540.— Skitch  of  a  poutiow  of  tub  tkukr  bthpaci  or  tmx  um, 

iJLRAlfOKMEirr  Of  TUS    VESSELS   Of  TUM   POllTAL  fUSCML    (<}«  0*  11 

cij  hepatic  ftTter3r;|>,  porta)  "rein  ;  d,  bile  duct;  ffM,,  g»n*bla4der;  j^,p*piiii| 

artery  (fig.  540,  a),  a  branch  of  the  ca*Iiac  axis,  is  small  in  ( 
with  the  organ  to  which  it  is  distrihnted.     It  cntei«  the  i 
fiasinv,  and  there  divides  into  a  right  and  left  branchy  for  tbe  tTO| 
cipal  lobes. 

By  far  the  greater  part  of  the  blood  which  passes  through  thtli'W 
and  in  this  resj)ect  it  diflfers  from  all  other  organs  ot  the  hamaa  bfl^Ji** 
IB  conveyed  to  it  by  a  large  vein,  tlie  portal  Tein  vt  ▼■»  f^ 
(fig.  b4^),  p).  This  vein  is  formed  by  the  union  of  the  Triiuwf^ 
stomach,  iiitestinea,  pancreas  and  spleen.  It  enti^rs  tlie  tramremis*^! 
or  porta  hepait\%  and,  like  the  hepatic  artery,  there  diTidei  Ja***  ^\ 
principal  branches. 
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hepatic  artery  and  portal  vein,  lying  in  company  with  the  bilc- 

asDuud  to  the  liver  between  the  layers  of  the  gastTO-hcpatic  omen- 

ia  front  of  the  foramen  of  Winslow,  and  thos  reach  the  transverse 

In  this  course  the  bile-dticfc  is  to  the  right,  the  hepatic  artery 

left,  and  the  lars^e  portal  vein  behind  the  other  two.    They  are 

led  by  nuraerous  lymphatic  vessels  and  nerves*    The  branches 

three  vessels  accompany  one  another  in   their  conrse  through 

nearly  to  their  termination;    and  are  surrounded  for  some 

by  an  areolar  investment,  the  so-called  capsule  of  Glisson, 

pmlonged  into  the  interior  of  the  organ. 

liepatic  veisLS,  which  convey  the  blood  away  from  the  liver, 

lhr<*«g]i  its  i?nbstance  an  entirely  different  course  from  the  other 

snd  pass  out  at  its  posterior  border,  whei^e,  at  the  bottom  of  the 

ly  described,  they  end  by  two  or  three  principal  branches, 

a  numljor  of  smaller  ones,  in  the  vena  cava  inferior. 

lympluitics  of  the  liver,  large  and  numerous,  fonn  a  deep  and 

'  get*    Their  mode  of  origin  and  their  course  wiU  be  afcer- 

bed. 

mm  are  derived  partly  from  the  coeliac  plexus,  and  partly 

pneuraogast  ric  nerves,  especially  from  the  leil  pnenmogastric. 

enter  the  liver  supported  by  the  hepatic  artery  and  its  branches: 

With  which  they  may  he  traced  a  coneiderable  way  in  the  portal 

but  the  manner  of  their  ultimate  distribution  is  not  known. 

REToRy   Apparatus?. — The   excretory  apparatus   of   the    liver 

of  the  hepatic  duct,  the  cystic  duct,  the  gall-bladder,  and  the 

on  hile*duct. 

lie  hepatic  diict,  formed  by  the  union  of  a  right  and  left  brancli, 
from  the  bottom  of  the  transverse  fissure  and  unite  at  a 
angle,  descends  to  the  right,  within  the  ^stro-hcpatic 
item,  in  front  of  the  vena  portaa,  and  with  t!ie  hepatic  artery  to 
kft.  Its  diameter  is  about  two  lines,  and  its  length  nearly  two 
kou  At  its  lower  end  it  meets  with  the  cystic  duct>  descending  from 
i|iU-bhidder;  and  tlie  two  ducts  uniting  together  at  an  acute  angle, 
to  the  cftmmon  bile-duct, 

^K  gall^hladder  (fig,  549, 17.  M),m  a  pear-shaped  membranous  sac, 

pf  ♦  tQches  long,  about  an  inch  and  a  half  across  its  widest  part,  and 

puble  of  containing  from  8  to  12  fluid-drachms.     It  is  lodged  obliciuely 

tht*  fuasa  before  mentioned  on  the  under  surface  of  the  right  lobe, 

fci  its  large  end  or  ft/ndm,  which  projects  beyond  the  anterior  border 

^  liver,  directed  forwards,  downwards,  and  to  the  riE:ht,  whilst  its 

^  tft  inclined  in  the  opposite  direction.     Its  upper  siiriacc  is  attached 

Wiftlirer  by  areolar  tissue.     Its  under  surface  and  fiindii'^  arc  covered 

ttie  peritoneum,  which  is  reflected  over  them  from  the  Hurface  of 

liver.     In   rare    cases   the  peritoneum  completely  sun'ounds  the 

ler,  which   is  then  suspended  by  a  sort  of  mesentery  from 

^ndor  surface  of  the  liver.    The  fundus  touches  the  aMominal 

immediately  beneath  the  margin  of  the  thorax,  opposite  the 

OC  the  tenth  costal  cartilage.     The  gall-bladdcr  rests  below  on  the 

icemeut  of  the  transverse  colon  t  imd,  farther  back,  it  is  in  con- 

With  the  duodenum,  and  sometimes  with  the  pyloric  extremity  of 

j^ltomach.     The  neck,  gradually  narrowing^  is  curved  like  the  letter  8, 

tt  iy,.:tr  becoming  much  constricted,  and  changing  its  general  direction 

it  bends  downwards  and  terminates  in  the  cystic  duct. 
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angle,  by  the  abdominal  wall.  At  least  an  inch  of  the  U 
to  the  right  of  the  middle  line.  The  right  lobe  reaches  hi^k 
ribs  than  the  left,  corresponding  thus  with  the  elevated  jfos6 
diaphragm  on  the  right  side.  The  liver  is  separated  bj  thei 
from  the  concave  base  of  the  right  lung,  the  thin  margin 
descends  so  as  to  intervene  between  the  surface  of  the  body,  and 
mass  of  the  liver. 

The  convex  surface  is  protected,  on  the  right,  by  the  7th  to 
ribs,  and  in  front  by  the  cartilages  of  the  6th,  7th,  8th,  and  9tfa 
by  the  ensiform  process — the  diaphragm,  of  course,  being  inton 
situation  of  the  liver  is  modified  by  the  position  of  the  body, 
by  the  movements  of  respiration  ;  thus,  in  the  upright  ( 
postm-e,  it  descends  to  just  below  the  lateral  mai^gin  of  the  tb 
m  the  recumbent  position  ascends  an  inch  or  an  inch  and  a  b 
up,  and  is  entirely  covered  by  the  ribs,  except  a  small  porti 
Bite  the  subcostal  angle.  During  a  deep  inspiration,  the 
descends  below  the  ribs  even  in  the  recumbent  posture,  and  in  c 
retires  upwards  behind  them.  In  females  it  is  often  permaneB 
downwards  below  the  costal  cartilages,  owing  to  the  use  of  tig 
sometimes  it  reaches  nearly  as  low  as  the  crest  of  the  ilium 
many  such  cases,  its  convex  surface  is  indented  from  the  pren 
ribs. 

Vessels  and  Nerves.— The  two  vessels  by  which  the  Uxer  i 
with  blood  are  the  hepatic  artery  and  the  portal  vein.    Hk 

Fig.  540. 
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Tig,  540. — Skitch  of  a  portion  of  thb  uvder  surface  of  the  um,  n 

ARRANGEMENT  OF  TBI    VESSELS   IN  THE  PORTAL   FISSURB.    (Q.  D.  Tkl 

a,  hepatic  artery;  p,  portal  yein  ;  d,  bile  dact;  ff.U,,  gall-bladder;  jj',  |»*,  i 

artery  (fig.  540,  a),  a  branch  of  the  coeliac  axis,  is  small  in  c 
with  the  organ  to  which  it  is  distributed.  It  enters  the 
fissure,  and  there  divides  into  a  right  and  left  branch,  for  the 
cipal  lobes. 

By  far  the  greater  part  of  the  blood  which  passes  through  tl 
and  in  this  respect  it  diflfers  from  all  other  organs  of  the  humi 
is  conveyed  to  it  by  a  large  vein,  the  poi^al  vein  or  ts 
(fig.  540,  7?).  This  vein  is  formed  by  the  union  of  the  Vf 
stomach,  intestines,  pancreas  and  spleen.  It  enters  the  transvc 
OT  porta  hepaiis^  and,  like  the  hepatic  artery,  there  divides 
principal  braiicYiea. 
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"Mjbo  hepatic  artery  and  portal  veio,  lying  in  company  with  the  bile- 

"        ascend  to  the  liver  between  the  layers  of  the  gastro-hepatic  oraen- 

in  front  of  the  foramen  of  AYinsIow,  and  thna  reach  the  transverse 

In  this  course  the  bile-duct  is  to  the  right,  the  hepatic  artery 

left,  and  the  large  portal  vein  behind  the  other  two.     Thoy  are 

iQied  by  numerous  lymphatic  vessels  and  nerves.    The  bniuches 

three  vessels  accompany  one  another  in  their  course  through 

liviT  nearly  to  their  termination;    and  are  surrounded  for  some 

by  an  areolar  investment,  the  so-called  capsule  of  Glisson, 

.  prolonged  into  the  interior  of  the  organ. 

^patic  veins,  which  convey  the  blood  away  from  the  liven 
iirMueli  its  substance  an  entirely  different  course  from  the  other 
-  out  at  its  posterior  border,  where,  at  the  bottom  of  the 
'  ^criljL'd,  they  end  by  two  or  three  principiil  branches, 
s  a  DULiibcr  of  smaller  ones,  in  the  vena  cava  inferior, 
lymphatics  of  the  liver,  large  and  numerous,  form  a  deep  and 
set*    Their  mode  of  origin  and  their  course  vnW  he  after- 
1  l>ed. 
Tl^*  nerves  are  derived  partly  from  the  coeliac  plexus,  and  partly 
L  ihc  pneumogastric  nerves,  especially  from  the  left  pneumogastric* 
IT  Lnter  the  liver  supported  by  the  hepatic  artery  and  its  branches ; 
;Ti:  with  which  they  may  he  traced  a  considerable  way  in  the  portal 
a:iis  but  the  manner  of  their  ultimate  distribution  is  not  known, 
E.\^  RETORY   Apparatus*. — The    excretory  apparatus  of   the   liver 
<»  of  the  hepatic  duct,  the  cystic  duct^  the  gall-bladder,  and  the 
UJtHiTj  bile-duct. 

Ih:  hepatic  duct,  foraied  by  the  union  of  a  right  and  left  branch, 
"Itch  issue  from  the  bottom  of  the  transverse  fissure  and  unite  at  a 
obtnse  angle,  descends  to  the  right,  within  the  ^istro-hepatic 
Dtum,  in  front  of  the  vena  portaa,  and  with  the  hepatic  artery  to 
left.    Its  diameter  is  about  two  lines,  and  its  length  nearly  two 
At  its  lower  end  it  meets  with  the  cystic  duct,  descending  from 
\  ^l^bkdder ;  and  the  two  ducts  uniting  together  at  an  actite  angle, 
^^gm  the  iv^mmon  bile-duct. 

„^    The  gall-bladder  (fig.  540,  ff.  M)^m  a  pear-shap|ed  membranons  sac, 
"^^  or  4  inches  long,  ab<>ut  an  inch  and  a  half  across  its  widest  part,  and 
^^•psbfc  of  containing  from  8  to  12  lluid-drachniB,     It  is  lodged  obliquely 
^•^  Use  fiiasa  before  mentioned  on  the  nnder  surface  of  the  right  lobe, 
^^Wth  its  largo  end  or  fundus^  w^hich  projects  beyond  the  anterior  border 
^^  tlu:  liver,  directed  forwards,  downwards,  and  to  the  rif^ht,  whQst  its 
^^#cit  11  inclined  in  the  opposite  direction.    Its  upper  surface  is  attached 
%o  ibe  Uv#T  by  areolar  tissue.     Its  under  surHif^e  and  fimdus  arc  covered 
^j  the  peritoneum,  which  is  reflected  over  them  from  the  surface  of 
%w  liver.     In   rare    cases   the  peritoneum  completely  surrounds  the 
^aHp-Uadder,  which  is  then  suspended  by  a  sort  of  mcBcntery   from 
Clie  QiMler  mrface  of  the  liver.     The  fundus  touches  the  abdominal 
'^aarieCca  immediately  beneath  the  margin  of  the  tlionix,  opposite  the 
%ip  of  the  tenth  costal  cartilage.    The  gall-bladder  rests  below  on  the 
^ooODeocenient  of  the  transverse  colon;  and,  farther  back,  it  is  in  con- 
tact with  the  duodenum,  and  sometimes  with  the  pyloric  extremity  of 
%hm  stomach.    The  mck^  gradually  narrowing,  is  curved  like  the  letter  S, 
^nd  iiieiif  beoaming  much  constricted,  and  changing  its  general  direction 
^ItD^bett  it  bends  downwards  and  terminates  in  the  cystic  duct. 


the  cotirse  of  tlie  hepatic  duct,  between  the  Injers  of 
omcntujji,  in  front  of  the  vena  poitpe,  and  to  the  f 
artery.  Pfissin*^  Ijeliind  tlie  first  luirt  of  the  diiode 
descendint^  iwrtion  and  contiones  downwards  on  the 
aspect  of  thafc  part  of  the  intestine,  covered  by  or  im 
of  the  pancreas,  and  for  a  short  disfcuice  in  contact 
of  tlie  pancreatic  duct.  Together  with  that  duct,  it 
muscular  wall  of  tlie  diiodennni,  and,  after  riinuing 
quarters  of  an  inch  between  its  coats,  and  forming  ai 
the  mucous  inend>raiic,  it  Ixjcomee  somewhat  conatrio 
common  orifice  with  the  pancreatic  duct  on  the  inner  f 
tine,  near  the  junction  of  the  second  and  third  portioi 
and  three  orfour  iuches  beyond  the  pylonis,  as  alidad 

Tarletlefi. — The  liver  is  not  subject  to  greut  or  frequeg 
ordinary  form  imd  rclationijt.  Bomctimcs  it  retains  the  thid 
it  prest'iitis  m  the  f cetus  ;  and  it  has  occasionalJy  been  found 
into  lobes.  On  the  other  himd,  Sccmmetring^  has  rixsorde^ 
adult  liver  was  divided  Into  twelve  lobes ;  and  Rmilor  cam 
(reK^mljling  thcLt  of  ^oiiie  animals)  have  been  now  and  thi 
A  detached  portion,  forming  a  sort  of  acreA^orif  liver,  I 
appended  to  the  left  extremity  of  the  gland  hj  a  fold  of  p 
blood -vfc&sek. 

The  g-all -bladder  la  occaaioimlly  wanting*  in  which  oaai 
much  dilatM  ^'ithin  the  liver,  or  in  some  part  of  it0  ooi 
gnll- bladder  is  irregular  in  form,  or  is  constricted  acrod 
much  more  rarely,  it  m  partially  divided  in  a  longitndii 
commtmicntioQs  by  means  of  pmall  ducts  (named  hepato 
the  liver  to  the  gaE-bladder,  exiet  regularly  in  varioim  all 
sometimea  found,  as  an  unueaal  formation,  in  the  hmnan  si 

The  right  and  left  divbiooH  of  the  hepatic  duct  sometiil 
for  Bome  distance  within  the  ga,^tro-heiMitic  omentum.  Lag 
duct  not  nufretiuently  opens  separately  from  the  panc^ 
duodenum*  j 
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[  a  BtToni^  sheath  of  areolar  tissue  which  Biirroiiiids  the  branches 
ortal  veil),  hepatic  artery,  and  hepatic  duct,  as  they  rainitj  in 
bonce* «f  tlie  liver,  l>iit  wliidi  becomes  more  delicate  as  it  passes 
'^lic  smallrr  vascular  linmelie.s, 

(ptttic  lobnles. — The  pru|)er  siik^tanee  of  the  liver,  which  hag  a 
aspect  wlien  closely  ol>servcd,  is  compact,  but  ]iot  very  firm. 
jlr  cut  or  lacerated,  and  is  not  unfreqnently  niptnrcd  durinj^  life 
Didents  in  wljich  other  parts  of  the  body  have  escaped  injury, 
he  substance  of  t!>e  liver  is  fcoru,  the  broken  gurface  is  nut 
}hut  coarsely  f^^rjiuular,  the  iiver  being  composed  of  a  umltitude 
1^  lobnles  (fi*r.  641),  which  vary  from  "^\th  to  j^th  of  an  inch  in 
'  ( I  —  1'  uii  i  I  i  metres) , 
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lobules  in  some  animals,  as  in  the  pipf  and  ciimel,  arc  com- 
1  one  froru  another  by  arcolsir  tissue  contiimotis  witli  the 
of  the  liver^  ant!  with  the  capsule  of  Glisson  ;  bnt  in  the 
han  subject,  and  in  most  animals,  altlioogh  \crj  distiniruishahle,  they 
iif>t  completely  insnliited,  beiug  confluent  in  a  part  of  their  extent. 
The  lobules  of  tlic  liver  have,  throu(,^hout  its  substance,  in  ^i^iiend 
polyhedral  form  of  irre<]^Uarly  compa^ssed  spheroids  ;  but  on  the 
foe 'they  are  flattened  and  augular.  Tliey  are  all  compactly  ar- 
f&i  around  the  sides  of  branches  Uuhhbular)  of  the  hepatic  veins 

541),  e^ich  lobnle  resting  by  a  smooth  surface  or  hifm\  upon  the 
,  and  being  connected  with  it  by  a  snnill  venous  trunklet  {hifm* 
far),  whifdi  l)egin8  iu  the  centre  of  the  lobule,  and  3>a«8es  out  ft'om 
middle  of  its  base,  to  end  in  the  larger  subjacent  vessel.  If  one  of 
mblobnlar  Tcina  be  opened  (as  in  the  fi^ire),  the  bases  of  the  loliwles 

be  seen  througli  the  coats  of  the  veiu,  which  are  here  very  thin, 
mting  a  tesselated  appearance,  each  little  polygonal  space  repiT- 
ng  the  base  of  a  lobule,  and  having  in  its  centre  a  small  spot^ 
h  iB  the  inoath  of  the  intmiobulM  Fein  (t)* 


Fig.    5i± — DiAOKAMXATIO    REPRKSKirTATlOlf   OP  TWO   BVrXTlC    Lo»VU^   ^U 

Tlic  left-hiiiTid  lohule  is  rciircscntcxl  mill  the  intralobular  ntin  cat  mo^ 
Lami  one  tbe  uection  takes  the  course  of  tie  mtnLlobuJar  vciji.     r,  iatttlotelvl 
of  ttic  portftl  vein  ;  ii,  intmlobular  bniiiche«  of  the  hepfttic  TeLu  ;  s.  mIi 
€.  capiUariesi  of  the  Jobules.    Tbe  arrows  indicate  Ibe  dun^ction  of  iht  emiBiili 
The  Jirer-cella  arc  euly  repres<jnted  In  one  pari  of  each  loboJe. 

as  by  the  minute  capilbry  comnicu cements  of  the  l>ile-diict«»  ^ 
intcrvetitioii  of  little  otliur  tissue.     For  the  sake  of  clearaefis^l 
positiou  nf  the  ves.selfl  of  the  liver  may  be  considened  first. 
Blood-Tassels. — The  portiil  vein  aud  ht'i>atic  arten%  aooomp 

Fig.  543*— Ssmoji  or  a  pocml 

«t,  bnkueh  of  bepittc  Mttiy  { r,  ll 
portal  vein  ;  d^  liilo^vd :  f^  ^ 
in  the  nroolar  tumt  of  iiSffAt^ 
which  endooei  ili«  veaol^  i 


1 


Fig-  543. 


the  etner^n^  biliaij  ifaot% 
the  liver  at  the  tinxmmm  II 
Within  the  liver  tht  \mm 
these  three  veawk  Ik  HfoN 
certniri  caQalfl,  cmfled  ji0Htf  4 
which  are  tubtiliir  pMM  I 
in  the  subgtaueeofilitpiBl' 
ineucing  at  the  tnosffW  ii 
and  branching  upmldi  li^j 
warda  &t>m  that  put  in  at  I 
tioiw.  Each  port^  csnal  (^ 
smallest)   contauia  one  fw 
branch  of  the  vena  portie.  of  the  heimtie  artery,  and  of  the  mtj 
(fig.  54:1)  ;  the  whJe  beiug  invested  by  connective  tissue,  wiliuft* 
rmi  lynipliutii*  Teasels. 

The  portal  vela  Bubdivides  into  branches  which  ftmiiyW^'f 
M>u!os,  tmn^jtouiopinj?  freely  around  thcni.  and  aro  wuncd  W^WjJ 
periifiieral  vtitu  (tig.  &42,  i').  The  branches  of  these  ptm  into  iki* 


L- — CkftLLkVLt  nrrwoRK  of  the  u>bcles  op  the  rarbit's  tivEifc  (from 
KoUikcr),     Ai^jlt  40  ihamkteiis. 

^9  |ji  l*fcaii  from  a  very  successful  injoction  of  the  1ie[>atic  vems  made  1>t 
1^  allows  Qoarl/  i)xo  wliule  uf  twci  tuljulen,  iiud  jiartd  of  ilircti  otlietis  :  p,  iH^rtJ 
[in  tli(9  interlolmkr  Epucea ;  /i,  bupfttio  veiiiij  rtHliating  from  the  centra 


Ot  A  tOBUllt  OT  THB   mrSlAlf   tmiR,  TW  WHICH  Tim  CiPTLtilKr 
THE     PORTAL    A5I>     HEPATIC    VBIKS    HAS     BEEN    FULLY     IMJECTTMD 
60   PIAMKTKIU!!. 

mtjiilobalar  or  central  vt'm  ;  2,  itii  smaller  brancbeR  eollectiog  Uood 
network ;  3»  interloLular  or  jwripheric  branches  of  the  vena  porli* 
nmificstioiu  puaung  inwards  lowiinJK  tbe  caiJiUjuj  netwoi'k  ik  IIm 
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The  hepatic  artery  tenninates  in  tlircc  seta  of  bp 
va^^inal,  ciipsiilnr,  and  interlobular.  The  rmjinal  bmnolies  i 
the  pNTtal  canals,  suiiplyiiij^  the  walla  of  ti^'  tliurts  and  %'e 
iiccnnipanyiiii^^  Cfinncctivi^  tissue.  The  rapaukit'  branches  ap 
surfwe  of  the  liver  Bpread  out  on  the  lihnma  coat,  acconipanJi 
veins.  The  inffrhlmhw  braiiehes  aeconipany  the  iuterluhular  v 
ui*e  much  snialkr;  they  supply  Idood  to  the  walk  of  thett 
aec"imipanyiiii(  InleHlueta  ;  it  is  doubtful  if  thej  Iransmlt  ftl 
directly  ti»  the  capillary  network  of  the  lolniles. 

The  capillary  matwork  of  the  lolmles  is  \iivj  close*  so  tbald 
the  iiiter\  al  ht-tween  two  vessels  is  not  ^m-ater  timn  the  diameti 
or  two  liver  cells  (fig.  UV2),  iloreoviT  tlie  vessels  areconipani!!^ 
(j  *ooth  of  ail  inchK  iind  in  Bfjeciniews  in  which  they  haw 
trans]mrent  injection,  can  be  seen,  not  only  to  \ym^  in  a  t w 
SIS  liefoix;  described*  lietwecn  the  intra-  and  inter-lobultu-  viin*, 
ill  the  human  euigeet  to  be  contiiined  froui  one  lobule  to  uijuthc 


Fig.  546. 


d  a 


Fig,  Ti\(i, — LosoiTriiiiijt  19^ 

J'OHTAL   CJkKAI^   CVKTAlSll* 
VEIS»    HKPATIC    A«T1t»T,^ 

i»tfCT,  jfjiOM  Til  a  ria  ( 
Ai»aT  5  iJtAJii.Tfci:a, 


*^'^ 

% 


0  |KirUl  canjiJ,  farmed  iami 
imtic  lilt  111  left  of  tb«  Imr ;  f^ 
iimucbcs  of  portAl  rcuif  ghui 
ones  nuned  interSolMikr  icu 
ore  Abo  ieon  withlii  tb«  h 
vein  numeroas  orifices  nl  k 
veins  ariai&g  dircctljr  tnm  il ; 
aiteiy ;  d,  tUuu7  ^^>^ »  ^ 
veiioua  wall  has  ( 


The  capillaries  I 
by  a  very  small  amoonlaf 
tive  tiii8TK\  contAinii^  i 
and   Btellatc  ceOa.    TU 
occurs  mure  abimdlKii^f  i 
centre  of  the  lobule  ann 
intmlubular  vein  ;  and  ix 
and  in    that   aLtX'iupiil7 
mterlobiilar  veins,  theix'  are  numerous  j^rannlar  conuecti\e  ttone 
The  hepatic  veins  commence  in  the  centre  of  esich  lobde 
txaivergenee  of  its  capillanes  into  the  single  indeiK-ndeut  infnM 
rrfifmf  vt'in  (ti^^.  542,  ii ;  544,  ht  and  545,  1),  as  already  st4U<iL 
miiHite  intndoljular  veins  open  at  once  into  the  sides  \A  tlie  • 
sithkhfthr  veins  (fii^.  541%  s),  wliich  are  of  various  sizes,  ami  joifli 
Uu^er  and  larj^er  vessels,  endini;  at  length  in  hejiatie  vi-uiici 
wldeh  H'ceive  no  hitralobnlar  veins.     Liistly,  these  venous  trtml 
ver^Hug  t* awards  the  posterior  Ix^nler  of  the  liver,  and  r 
coiuTse  other  Hublohular  veins,  tenninate  in  the  vena  * 
alreaily  described,     lu  this  course  the  hejiatic  veins  an^I  c:      ' 
ramilieations  ai'e  unaccompanied  by  any  but  lymphatic  '•  '^^  ^ 
coats  are  thin  ;  the  sublobular  bmuches  adhere  chjsely  to  tJie  loi*^ 
even  the  larger  ltui\k&  \vm'q  bvit  a  slight  areolar  iuvcatmaiL  [ 
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to  the  substance  of  tlio  liver.     Hence  the  divided  cntl^  of  tbese 

are  seen  upon  a  Kectioii  of  tlie  liver  ils  simple  open  orifices,  the 

^'all  of  tlie  VL-in  k^iug  surrounded  closely  by  the  solid  substance  of 

0  liepatic  cells. --The  interstices  between  the  blood-vessels  are, 
re  siiid,  almost  entirely  filled  by  the  hepatic  cells.  These  are  of 
i-rt-sscd  spheroidal  or  |x>lvhedral  form,  havings  a  mean  diameter  of 
,  ,\ , ,,  th  to  B-itjth  of  an  inch.  They  jjc>ssess  no  cell  membrane.  Their 
j^^t^iice  appeal's  granular  and  of  a  taii)t  yellowish  tinge,  and  they 
.  CaIu  each  a  clear  round  nucleus,  witliintra-iuiclear  network  and  one  or 


Fig.  647. 


I 


47.— Hkfatic  cells  frou  the  livsh  of  a  i»oti  (Heiderdiftmj,  14  nomts  Amn 

gljcogenio  depoeil ;  h  &Qd  f,  after  its  solution.  Id  c  tlio  network  of  protoplriBiii 
TMOuns  IB  finer  than  in  b^  and  imparts  »  somewlDit  grnnubr  api>earanco  I^j  the 
The  extemol  kj-er  of  tht)  protopUuiUi  contaias  no  gl,vcogen* 

Tiucleoli.  Not  unfrcfjuently  two  nuclei  arc  to  be  found  in  a  coll.  In 
.Tiy  cases  es|>ecially  with  a  fatty  diet,  the  cells  are  foniid  to  have  largi^ 
all  fat-globules  in  their  interior;  this  fatty  deposit  is  much  more 
idant  in  the  cells  which  arc  near  the  j»eriphery  than  in  tlioiie  near 
centre  of  tlie  lobule.  'VVIien  isolated  in  the  fresh  condition  they 
said  to  exhibit  slow  changes  of  fonn<  Tlie  liver-cells  are  packed 
^^ecn  and  armmd  the  Tessefs^  and  in  sections  made  at  right  angles 
tte  intralobular  veins,  appear  as  if  radiating  frotn  the  centre  of  the 
►onleg  towards  their  circuniference-  They  fomi  a  continuous  netiwork, 
Bpongework,  the  more  obvious  openings  in  which  are  the  spaces 
tipied  by  the  blood 'Capillaries.  The  walls  uf  the  latter  are  not  ever}'- 
nere  in  contact  with  the  liver  cells,  but  are  separated  from  them  hi 
"^^^ts  by  a  cleft- 1  ike  lymphatic  space  which  is  only  imperfectly  marked 
^ff  by  the  flattened  and  stellate  connective  tissue  cells  before  mentioned 

The  hepatic  oclk  frequently  contain  gljeog'en  cs])ecially  aft^r  a  heavy  meal  of 
^^tarohy  mattere.  It  occurs  in  glu^bulca  or  in  irrcgnLilar  amorphons  mamHea  within 
^em  (Heidtnhain),  and  when  abimdant  reduces  the  protopla^nm  of  the  ceU  to 
tie  condition  of  an  open  network,  which  becomes  very  distinct  after  solution  of 
the  glycogen  (fig.  547).  When  these  mai«£ies  of  glycogen  are  not  presfnt  the  |iro- 
toplAfcm  exhibits  after  hardening  a  Onely  reticulated  appearance  (Klein,  Laiigley)^ 
(See  fi^.  4o.) 


I 


CommencemexLt  of  the  ducts* — Whtu  a  thin  section  of  the  hard^w^yl 
tifigue  is  txaminLd  under u high [Hjwer  of  tJie  microscope, mm\ite  a\i^Tl\MNa 
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may  occasionaUy  be  obserred  between  the  opposed  sida 
liver-cells.     These  ai'e  the  sections  of  fine  intercellular  pa^ 
ranalkuH)  which  form  a  close  network  (lii;.  548)  between 
the  individual  erlls,  much  finer  and  closer  than  the  blood-^- 
work,  from  the  branches  of  which  they  ruQ  apart.     '^ 


Fig.  548. 


m^j^ 


Pig.  548.^ — Skctiow   at 

WITH    THK     IXTXRCSLLVlil 
OF  »ILK-CAKALlll'U  I 

liAaj^irisD  (Beritii;). 

Two  or  thrc*  Uytn  «l  i 
acntcd  ;  6,  b,  blood  i 


'm^Wf 


which  are  bounded 
dcliculc  proper  waU,i 
niencemenU  of  the  * 
into  which  at  the  cir 
of  the  lobule  they  open 
may  he  injected  from  d 
of  tlie  bile  duct,  at  " 
outer  parts  of  the  lob 


4 


*  Tjsgy^j 


J., 


■^^ 


To  demonstrate  Ui«  M 
network  throog-hoat  Ih^  ^ 
of  the  lobules,  T"  "" 

plojed  a  method  of  i 
He  introduced 
solution  of  pure 
fodti,  in  repeated 
eolation  of  dog«  ftod  i 
the  jugular  vein  ;  and  in  an  hour  and  a  half  afterwards  the  i 
and  the  blood-vessels  either  washed  out  with  chloride  of  pc^Mmam  I 
hy  the  portal  Ycm,  or  were  injected  with  gelatine  and  cannineu  Imi 
prepared  in  thi»  way  the  fine  network  of  bile-duct«  throQgliout  evdi 
filled  with  blue,  while  the  intervening  cells  remain  free  from  oo>loQr«  1 
the  animals  sooner  after  the  injection,  the  blue  colourings  iiuiUier  i 
within  the  hepatic  cells,  thna  demonstrating  that  it  was  i 
that  the  cxinalH  were  filled. 

From  the  ob«^ervatlotia  of  Pflilgcr  and  of  KupiTer  it  wo 
relation  between  the  hepatic  otlk  and  the  bile^conallculi  ia  ercn  i 
than  has  been  generallj"  Fuppose^l,    For  botJi  by  the  raeUsoda  of  i 
natural  injection,  thej  have  demonstrated  the  cxintenoe  of 
ceU«  commnnicating  bj  exceedingly  minute  intracellular 
adjoining  bile-canaliculi  (see  fig.  o4U), 

In  the  lower  vertebrate?*  and  in  the  earlier  itsige«  of  deveL 
mamtnaU  the  liver  ia  a  tubular  gland,  composed  of 
narrow  Inmina  (biliary  canikliculi),  and  directly  oontinuona  ^ 
all  animalii  the  bile-canaliculi  are  separated  by  at  least  a  ] 
the  nearest  blood  cai»illftric«, 

StnLctmre  of  the  ducts.— The  nmutc  mmiiicatioiia 

lobuk'8  have  walls  tom[xi8ed  uf  fibriUar  connective 

ii  a  baficment  membrane,  and  a  lining  of  eJiort  colamsaf 

According  to  Ikidenhain   they  alio   p<^i*<84:'S8  both 

circularly   tiinfiosed  muscular  celk  in  tlieir  walL 

the  lobules,  the  colummir  epitUelimn  becomes 

tube  at  the  same  time  biwiching  both  latei.t 


DUCTS   OP   THE  LIVER. 
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Qg  much  reduced  in  size  so  that  only  a  very  small  lumen  is  left, 
laement  membrane  is  no  longer  complete,  and  the  intercellular 
MBagcB  open  directly  into  the  minute  ducts,  the  hepatic  cells 
g  against  the  flattened  epithelium  of  the  latter. 
le  portal  canals,  where  they  are  somewhat  larger,  the  ducts  pre- 
nnerous  openings  on  the  inner  surface,  which  arc  scattered  irregn- 
L  the  larger  ducts,  but  in  the  subdivisions  arc  arranged  in  two 
dinal  rows,  one  at  each  side  of  the  vessel.  These  0|>ening8  were 
Ijr  supposed  to  be  the  orifices  of  mucous  glands ;  but,  while  the 
acts  are  studded  with  true  mucous  glands  of  lobulated  form  and 
inute  orifices,  the  openings  now  referred  to  belong  to  saccular  and 
*  recesses,  which  are  often  branched  and  anastomosing,  and  may 
t  all  over  with  caecal  projections  (Theile).  The  larger  bile-ducts 
reolar  coats,  containing  abundant  elastic  tissue,  and  a  certain 
;  of  plain  muscular  tissue  disposed  both  longitudinally  and 
rly.     They  are  lined  with  columnar  epithelium. 

Fig.  549. 


549. — SkBTCHES  ILLVSTRAniro   the  mode  op  COMMEHCBXENT  op  the   BILl- 

CAEALicuu  WITHIN  THE  LIVER-CELLS  (Heidenliain  after  Kupffer). 

uyJicali  of  the  rabbit's  liver,  artificially  injected  from  the  hepatic  dnct,  with 
Avtt  solution.   The  intercellular  canaliculi  are  seen  to  give  off  minute  twigs,  which 
te  into  the  liver-cells,  and  there  terminate  in  vacuole-like  enlargements. 
rom  a  frog's  liver  naturally  injected  with  sulph-indigotate  of  soda.     A  similar 
Doe  is  obtained,  but  the  communicating  twigs  are  ramified. 

tedaplicatnre  of  peritoneum  forming  the  left  lateral  ligament  of  the  liyer, 

0  in  Uie  two  fibrous  bands  which  sometimes  bridge  over  the  fossa  for  the 
vnk  and  Uie  fissure  of  the  umbilical  vein,  there  have  been  found  biliary 
f  oonsiderable  size  which  are  not  surrounded  with  lobules.   These  aberrant 

1  they  are  called,  were  described  by  Ferrcin  and  afterwards  by  Kieman ; 
astomooe  together  in  form  of  a  network,  and  are  accompanied  by  branches 
rena  portse,  hepatic  artery,  and  hepatic  yein.    They  represent  portions  of 

aobttanoe  which  were  present  at  an  early  period  of  development  but 
Iweqnently  become  atrophied. 

phftt^***  of  the  liver. — Lymphatics  are  seen  in  the  prolongationB  of 
'fl  oapsnle  between  the  lobules  (^interlobular  Itfmjihatic^i)^  where  they 
any  the  blood-yessels,  and  in  some  cases  surround  and  enclose  them.  They 
se  from  the  lymphatic  spaces  around  the  capillaries  of  the  lobules  (p.  247). 
flite  into  laxger  Yeuela  which  rvm  Along  the  portal  oanala  «nd  omflcgib  «)U 
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vith 


tive  tissiie  coat,  of  eonsidorable  strength 
dense  sbmin^  white  fibres,  which  interlace  in  all  directioniL  Ii 
these  are  plain  muscular  fibres,  which  have  priDcipall/  a  longil 
but  fiome  run  traiii*verse!y.  This  coat  forms  the  fmmeworic  fl 
supports  the  larg-er  blood-vesscla  and  lymphatics.  The  nervea  ii 
plexus  within  it ;  partly  alao  imme<liately  beQeath  the  eeioiis  ecM 

The  muctms  w^wtft^mwr,  which  after  death  ib  generally 
eleTaied  upon  its  inner  surface  into  very  ntimeroiui  sm\ 
together  into  mcBhes^  leave  between  them  depreasiona 
^-arioas  polygonal  fonus,  Tliis  givea  the  interior  of  the  suU^ldl 
aspect,  similar  to  what  ia  seen  on  a  gmaller  scale  in  the  rm 
These  alveolar  inten^als  become  smaller  towarda  the  fnnd 
gall-bladder  ;  and  at  the  bottom  of  the  larger  ones,  other 
which  may  be  seen  with  a  simple  len»j  lead  into  numctoi 
ITie  whole  of  the  mucous  membrane  i-s  covered  by  column&r 
eecretes  nn  abundance  of  viacid  mucus.  The  blood- vi 
near  the  surface  of  the  mucous  membrane,  and  there 
plexuB  in  the  mucous  membrane,  communicating  w 
yewela  in  the  aerouB  coat. 

At  the  places  where  the  neck  of  the  gall-bladder  durea 
strong  foblfl  of  it»  mucoua  and  areolar  coats  projecting  into  t 

In  the  vyKtic  duct,  the  mnconji  membrane  ia  elevated  in 
manner  into  a  series  of  creacentic  fotdi^  which  are  arranged  i 
tion,  and  pucceed  closely  to  each  other,  ra  as  to  present  very  m 
of  a  continTioua  spiral  valve.  WTien  distended ,  the  outer  Burf 
IMjars  to  be  iudented  in  the  situation  of  tliese  folds,  and  dilaf« 
intervali^,  &o  as  to  pre«<ent  an  irregularly  saoctilatefl  or  twisted  i 
structure  of  its  wall,  the  cystic  duct  resembles  the  gall-bladd« 

Beeent  Literature.— On  tbi}  atmctare  of  the  Uver  generally  : 
11.11  H I  book  p  IS  71  ;  Heidmhim^  m  Hfruiaim's  llaadbuch,  18<H<\  { 
bile-Jucts  :  Kupfrr,  in  Ta^ebl.  d.  4ti  Versamml.  d.  Nwtttrf^  1573, 
natunr.  Ver.  f.  Scl»le*>wj|j-Hnbtt'in,  IIL  ;  Lcfftrn,  in  Jottm*  do  Ti 
SMclia.  Bench t.,  1873  ;  Prtfzlc,  BeitrUge,  kc,  Doriiai,  1874  ;  Pnpi 
LXXXi.  0(1  the  temjinations  of  the  hepatic  artery  :  CfJ>nfifirm  a.  Li 
L3LVIL  On  the  tx^nnective  tiK-^iie  of  the  liver  i  Ffffschl,  in 
Kupfer,  in  Arch.  f.  mikr.  Aniit.,  XII.,  1875;  Turner  (eftmeTi 
Aaat  and  Physiol  XL,  1877.  On  the  Ktnictnrc  of  the  gall-h' 
Berlin,  1S75.  On  the  jjosition  and  form  of  Uic  liver  :  His,  in  Ardu  i 
1878. 
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(^5 


iwanl  projwtion  followiii|x  the  eur\e  of  the  diindcimm,  and  from  its 
Tr  Ixmler  another  well  marked  protuKKiRince  rises  up  to  reach  the 
(ctirvatnrc  of  the  stomiirli,  iind  t<»  almt  iif^aiiist  the  jK^st-erior  wall  of 

^11101  opp<jsite  lu  tlie  similar  projection  on  the  left  lohc  of  the 
fig.  550), 

p  pancreas  vjine«  cotwidprably,  in  diiferent  cases,  in  its  eiase  and  weight  It 
lillj  from  C  to  8  inches  long,  aliout  ]  J  inches  in  average  breadth,  and  from 
in  inch  to  an  inch  in  thickness.  Iieing  thicker  at  its  bead  und  along  its  upper 
IT  than  elsewhere.  The  weight  of  the  gland,  according  to  Krauae  and  Cien- 
iB^,is  U3uany  from  2|  oz.  to  3^  oz. ;  but  Meckel  haa  noted  it  as  liigh  as  tj  oz., 
Bosmmening  ha  low  as  1^  oz« 

Fig.  550. 
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>50.  — VrKW  OF  TFIK  AI»T»OMi:fAL  Vl?fERA  FROM  BKHTirp,  AFTER  REMOVAL  OF  THU 
JTAL    COLUMN     AKU    TMB    Wfli-^LK    nJT    TltK     PCi^TEHlOR    WALr.    0¥    TliK    AT>I>">3lS!f,    TKB 

itTOiricic  BitiMO  LBI'T  (Lljis  ami  the  next  figure  are  taken  from  Prof.  Hia*  moilcla),  i 
pancreas;  F,  its  heft<l  ;  rf,  diiodcnura ;  jrf,  sstomftch  ;  tp^  Bpleen  ;  R.L,^  riijht  lc>1>e 
I  Itfer;  L.S.^  Spigelian  ltjl>e ;  r.v.l,  vena  «ava  inferior  j  p.r.^  portal  vein  ;  6,  com- 
»k  duct ;  i.r.y  impreasion  h\T  the  right  kiduey  on  the  jiosterior  surfaco  of  the  liver  ; 
laatioii  of  th<j  two  kidneys  is  well  shown  by  the  correa ponding  impresaiona  in  tha 
<y»r.  ro/,»  titnc,  fat,  ascending  and  lieacundimg  colon  ;  f)i,  hack  of  the  iH;ritoneum  ; 
it  of  reflectian  of  the  m<^utery  aeen  throa-jh  ;  VIII,  IX,  X,  XI,  tlie  com^^ponding 
fV,  ilium. 

le  iMHitri-eas  has  three  surfaces,  vi^.  ;  anterior,  ])osteTior  and  anarro^r 

lor   surface   (His).     These  surfucei?,  like  tliose   of  the   liver,  am 

ded  t*>  the  ailjaeeiit  or^^iuis. 

le  anin'wr  sfftfucej  somewhat  coiR'ave,  k  covered  by  the  Bt^^macll, 

h  rest^  n|Km  it. 

\\itjx>3fmar  smfare  Is  tiUmbed  }ty  aa^olar  tisane  to  the  veT\\w  csl> 
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the  aort^a,  the  superior  mesciitcn>  artery  and  vein,  the 
of  the  vcnii  portii?,  and  the  pillars  of  the  diaphra^nn,  all  of  i 
pans,  1>e9itles  iimiiy  lymphatic  veKHels  and  gliinds,  an.*  interposDd  1 
it  and  the  spine  :  to  the  leffc  of  the  vertebral  coluiiin  it  is  a 
shuilarly  to  the  left  su|irarenal  eapsiile  and  kidiiey  and  to  Uk] 
veascls.  (jf  the  lar^^e  vessels  situated  Ijehind  the  jiancreaa,  the 
mesenterie  artery  and  vein  are  enihraexf<l  by  the  8ul>staiiw  of  tbe  i 
tlie  hiwer  extremity  of  the  head  enrving  ^jinewhat  Ijehind  ihm^ 
lis  sometimei?  tn  enclose  the^e  vesseLs  in  u  complete  canaL  ThfBji 
dou'nwarda  and  fonvards,andemer^^e  from  Ijeneatli  the  lovrer  borders 
pancreas,  iK'tween  it  and  the  termination  c»f  tlie  duodenum  (fi^.5.^1)L  ] 
ecrliae  axis  is  alMjve  the  jiancreaa  ;  and  in  a  |i^roove  ulung  the  fcM 
surface  and  upper  border  uf  the  gland  are  placed  the  s[)]euic  urtayl 

Fig.  &5L 


Fig.  551 -—The  panche-is  axd  Anjorjrma  viscBJiii  ntou  BSi 

The  frtomacb,  the  greater  part  of  the  sman  Lnt^tineB,  and  tho  trnixrene  c 
Temoved.     P,  pancreas;  d,  duodenum  ;  <!/,  its  juQcticm  wiih  tbe  jejiuinii ;  i 
duodenam,  and  between  it  imd  the  head  of  the  jnitcreat  are  teen  the  hSh  im^i 


vein,  and  liepfttic  urtery ;  ase,  eof.^  detc.  col.y  ascettdittg  mnd 

fipleen  ;  r.Jt".,  1.1:,  right  aiul  left  kidneys  ;  #,r,,  «.r',  right  And  left  i    ^ 

pt^  pcrltonctim  at  tbe  kick  of  the  Abdominal  caritj  ;  ni,  Urx  cf  leile^M  e{  lli  il 

tcnr ;  tbe  line  of  redeetion  of  the  tranaTerac  meaooolon  h  Men  altm^  tbe  lows' f4|^^ 

IKLucreaft  and  crossing  the  daodenam*  | 

vein,  the  vein  pursuing  a  straight,  and  the  aitery  a  tr*rtaoi]ji  coon^ 
Imth  supi)lying  numerous  branches  to  the  pancreas,  the  naituweitiii 
of  wliich  is  attached  to  the  inner  or  anterior  surface  of  the  xphat  i 

The  connnon  bile  duct  pusses  dou  n  behind  the  head  of  tbe  pMl 
(fig.  550,  h)^  and  is  generally  received  into  a  groove  or  caual  iti  tUmij 

The  inferior  si/rfttr^  is  very  narrow.  The  l)order  whitJi  iCfm 
from  tlic  anterior  surface  is  turne<l  towards  the  root  of  tbe  mtmd 
while  the  inferior  surface  itself  rests  at  one  end  on  the  jimelM 
duodenum  and  jejunimi ;  at  the  other  or  left  end  ou  Uk) 

*  This  port  of  the  glaad  U  sometimes  m^uked  off*  fTom  the  rest»  anj  k  1 


STRUCTURE   OF   THE   PANCREAS.  637 

insverse  colon,  and  between  these  points  is  tamed  towards  the 
1  mass  of  the  intestinal  convolutions.  This  part  of  the  inferior 
%  has  a  special  covering  of  peritoneum  derived  from  the  lower 
if  the  mesocolon. 

i  principal  excretory  duct  called  the  paaexeatic  dnct  or  canal  of 
ntg^y  runs  throu^rh  the  entire  length  of  the  gland,  from  left  to 
horied  completely  in  its  substance,  and  placed  rather  nearer  its 
Ifaan  its  npper  border.  Commencing  by  the  union  of  the  small 
derived  from  the  groups  of  lobules  composing  the  tail  of  the 
mBj  and  receiving  in  succession  at  various  angles,  and  from  all 
the  ducts  from  the  body  of  the  gland,  the  canal  of  Wirsung  in- 
B  in  size  as  it  advances  towards  the  head  of  the  pancreas,  wliere, 
pt  other  large  branches,  it  is  usually  joined  by  one  derived  from 
ortion  of  the  gland  called  the  lesser  pancreas.  Curving  slightly 
rards,  the  pancreatic  duct  then  comes  into  contact  with  the  left 
f  the  common  bile  duct,  which  it  accompanies  to  the  posterior  part 
descending  portion  of  the  duodenum.  Here  the  two  ducts,  placed 
y  side,  pass  very  obHquely  through  the  muscular  and  areolar  coats 

0  intestine,  and  terminate,  as  already  described,  on  its  internal 
e,  by  a  common  orifice,  situated  at  the  junction  of  the  second  and 
portions  of  the  duodenum,  between  three  and  four  inches  below  the 
18.    The  pancreatic  duct,  with  its  branches,  is  readily  distinjjuished 

1  the  glandular  substance,  by  the  very  white  appearance  of  its  thin 
IS  walb.  Its  widest  part,  near  the  duodenum,  is  from  -j^th  to  ^th 
inch  in  diiuneter,  or  nearly  the  size  of  an  ordinary  quill.  It  is  lined 
lemarkaMy  thin  and  smooth  membrane,  which  near  the  termination 
i  dnct  may  present  a  few  scattered  recesses. 

rleties. — Sometiines  the  dnct  is  donble  tip  to  its  point  of  entrance  into  the 
nmn ;  and  a  still  further  deviation  from  the  ordinary  condition  is  not 
IQenUj  observed,  in  which  there  is  a  gupplementary  dnct,  derived  from  the 
pancreas  or  some  i>art  of  the  head  of  the  gland,  o^geamg  into  the  dnodennm 
listinct  orifice,  at  a  distance  of  an  inch  or  more  from  the  termination  of 
incipal  dnct.  It  sometimes  occurs  that  the  pancreatic  duct  and  the  common 
act  open  separately  into  the  duodenum. 

MOli  and  Nerves. — Like  the  salivary  glands,  the  pancreas  receives  its 
-▼enels  at  numerous  points.  Its  arteries  are  derived  from  the  splenic  and 
the  superior  and  inferior  pancreaticoduodenal  branches  of  the  hepatic  and 
ior  mesenteric.  Its  blood  is  returned  by  the  splenic  and  superior  mesenteric 
.  Its  lymphatics  terminate  in  the  lumbar  vessels  and  glands.  The  nerves 
B  pancreas  are  derived  from  the  solar  plexus. 

mctnre. — The  pancreas  belongs  to  the  class  of  acino-tubular 
Is.  In  its  general  characters  it  closely  resembles  the  salivary 
Is,  but  it  is  somewhat  looser  and  softer  in  its  texture  than  those 
18,  the  lobes  and  lobules  being  less  compactly  arranged. 
le  ducts  are  lined  with  a  simple  layer  of  columnar  epithelium,  the 
becoming  shorter  and  more  cubical  in  the  smaller  ducts.  They 
>t  exhibit  any  well-marked  longitudinal  striation  like  that  met  with 
e  duct-cells  of  some  of  the  salivary  glands.  The  ultimate  branches 
he  ducts  which  are  connected  with  the  alveoli  (intercalary 
r),  are  much  narrowed,  and  are  lined  with  flattened  cells,  looking 
lie-shaped  in  optical  section.  The  alveoli  of  the  gland  are  distinctly 
lar,  and  frequently  convoluted.  In  the  inactive  condition  of  tbio 
ty  and  during  the  earlier  stages  of  actinty,  the  alveoli  ax^  t&ntfA 
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completely  occupied  by  the  secretiii|^  cells,  scarcely  any  Inmc! 
viftilile,  Maretjver  the  middle  of  the  alveolus  is  in  many  pu 
pied  hy  spindle-slmiKd  cells  (ci?ntTO-aririar  cells)  which  acea 
Langerhuus  are  continuous  with  the  <?pitheJium-celis  of  the  m 
ductB, 


Fig.  552, 


^ 


ft-r^.:S 


or  mx  DOG.    (KkM 
d^  terminjitiofi  of  a  t1  net  ia  1 
alveolif  a  t  the  two  xoocaislj 
eclU  are  w«U  aet^n. 

The  gecrcHn^  cells  of 
civHA  have  a  venrchan 
apj>earance.  In  shupe 
hroadly  columnar,  in  »( 
jippruichin^'  the  [lolyga 
and  tlicv  show  verr  di 
evuii  III  the  inacttvt^cODi 
the  icIhiuI,  twri  jmrts  oi 
an  inner  ^ranukr  z«»ne  i 
lumen,  and  an  <>Qtcr  d 
finely  striateti  zont*  neit  ( 
ment  membrane  (lig.  »*:» 


When  the  ghiml  is  etimulatcd  to  activity  tlie  cells  at  flrot  enlarge 
l>aHt'nn*iit  mcmbnine  *  siib;«eciuently  the  granules  of  the  iuaer 
in  numlwr  and  ag^eg-ate^l  near  tho  Iuiul^u.  and  the  outer  demr 
the  greater  part  of  the  cell  (Heidenhain.  Kiiline  and  Lea). 

Various  obptrvers  after  forcing  in j editions  into  the  alveoli  of  t]i« 
warda  from  the  duct,  have  t^ecn  fine  iutenjellulfir  cauaUcoli, 
cf  the  liver,  paai^ing  from  the  lumun  of  an  alveolus  bct;ii*eeii  tbe 


II 


Fig.  553. 


Fig*  553.— An  ALrioLrs  of  thb   piircaaii  num 
THS  KXcaxToatr  i^tct  (Saviotti).     IlroHXt  mMUffl 

Thfl  alveobir  celtfi  and  Duclei  un  only  £»intl;  b^Mil 
of  tlie  duel  are  not  rciiresented  at  alL  The  taji^ 
Itllirtg  the  central  caTity  of  the  ?»]-""  •■-^  ^nd  piMf  I 
ill  fitio  chniinels  (reproieiit&ii  1  tciUttiq|  I 

twceci  and  around  the  ccUa  (aft'  t 


The  connectiTe  tisssaid  of  the  gUmd^  after  i 

of  external  xnTestment,  penetmtes  betwttOi  ffti 

lobuletf  conveying  the  blood* ve«d«  to  all  faill 

are  not  however  everywhere  equallj  nuiiiflfDai*  i 

acini  are  not  (surrounded  by  the  cmpillAiy  nut^ 

the  other  hand  in  certain  inrts  of  the  inltnlnal 

collectionn  of  small  oeUa  are  met  with  wMdl 

i  with  a  very  elose  network  of  large  convoluted  oapfllaties*   Hw 

quiflticm  look  like  nnall  efiltheHuin -cells  but  tlieir  mduaing  U  colinly  i 

The  lymphatic?  of  the  pancreon  have  the  same  armngement  ■»  in  ilie  wt^xu 

The  mode  or  termination  of   tlie  nerves »  which  are  altiMMl  calMlff 

medullated,  ha«  not  been  aacertained. 


Becent  Uteraturo.— /vT«/;rj'^ii»#,  lkitriia<?,  kc-^  tJerltu,  18ti : 
mikr.  AnJ*U»  V*  1869  ;  fjaUihenhenjcr  in  Wiener  SiUungsb.^  <S5,  1^72  ;  SM 
Pfluger**  Arch.,  X.  1S7&  ;  aad  Article  "  Absoiultiruag/'  in  Henaarim*t  fUaAv 
KUhne  II,  I^a  ia  HcidclU^rg  Verhandh  L  1870  J  0.  it*  F.  ift^Sfimia  Imn,  i 
IS 81  (cffere&t  l^ui^hatic^  in  rodents}. 
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THE    SPLEEir. 


*  Spleen  (figui*  550,  551,  spl)  is  a  sufr  hi;,4ily  vascular  and  easily 

i&iblc  oriran,  of  a  dark  purplish  grey  cobjiir.     It  is  i>laeed  obliquely 

<?  back  of  the  left  hyi>iK!lM>ndrinm,  between  the  cardiac  end  of  tb<j 

.Ach,    and   the   diaphragm,   and  in  tlic  lino  of  the  axilla  extends 

the  8th  to  the  11th  rib.    It  is  the  larj^^est  of  the  oi^aos  termed 

l^ess  glands. 

tie  shajx*  of  the  spleen  is  variable,  Imfc  when  examined  in  the  ordi- 
waj  after  removal  from  the  bodv,  it  usually  appears  either  flattened 
avo-convex.  But  if  previously  hardened  hi  stfu  it  is  found  to 
it  a  Bomewhat  compressed  oval  sha^x',  having  tlu-ee  surfaces.  Of 
5,  one,  the  external  aud  posterior,  is  large  and  convex,  fitting  agalust 
^^DOPinicBoement  of  the  arch  of  the  diaphragm,  and  looking  upwards, 
rwards,  and  to  the  left,  A  second,  the  narrowest,  ispilaoed  vertically, 
l<Miks  dirtctly  iu wards,  bt^ing  applied  to  the  outer  border  of  the 
kiduey  ;  whilst  the  third  surface,  which  is  Be|Miratcd  from  that  last 
ibed  by  a  distinct  vertical  ridge,  is  larger  than  it,  and  concave, 
surface  is  applied  to  the  great  cul-de-sac  of  the  stomach,  and  is  in 
rCt  also  with  the  tail  of  the  p»ancreas»  and  with  the  extremity  of  the 
of  the  colon  (splenic  flexure).  Near  the  ridge  above  mentioned 
is  a  vertical  fissure  in  the  anterior  surface,  at  the  part  where  the 
els  and  nenes  enter  the  organ  (see  fig.  551)  ;  this  part  is  termed  the 
rm.  On  either  side  of  the  hi  his,  the  peritoneum,  which  covers  the 
cdIc  of  the  rest  of  the  spleen,  leaves  the  organ,  and  (lasses,  as  the 
fc*.ro-Bplenic  omentum,  into  continuity  with  the  left  border  of  the  great 
I'ntum,  attaching  the  sjileen  to  the  left  extremity  oF  the  stomach.  In 
eases  there  is  no  distinct  fissure  at  the  hilus.  The  anterior  border 
■I  ^Dfteu  sliglitly  notched,  esjjecially  towards  the  lower  part  (fig.  551). 
C*l^^  lower  end  of  the  organ  is  pointed,  and  rests  on  the  costo-colic 

tUKilt. 


JlTDc  epleen  vnries  in  nrngnitude  tnore  tlian  any  othor  organ  in  the  body  ;  and 
mot  only  in  different  subjects,  bat.  as  may  be  aiscertained  by  percnieion^  in 
■'  nme  in  dividual,  under  different  conditiona.  On  this  account  it  ia  difficult  or 
^^losdble  to  state  what  are  its  ordinary  weig-ht  and  dimenifions  :  in  the  adult  it 
^^^^aMures  |ren*''*llj  about  5  or  fi J  inches  in  length,  3  or  4  inches  in  breadth,  and  1 
^J**"  1 J  inch  in  thickneiiH  ;  and  ita  usual  volume,  according  to  KratLne,  is  from  &j  to 
^^"^  cubic  inches.  Aft«r  the  age  of  forty  the  arernge  weight  gnuiually  dimmiKhe^. 
^t^-  intermittent  and  some  other  fevers  the  spleen  i»  much  enlarged,  reaching 
^P*^^H*  the  ribft.  and  often  weighing  aa  much  a*  IS  or  20  Urn. 

■  &4all  detache<i  roundish  nodules  are  occas*ionally  found  in  the  neighbourhood 

"^^^  tne  «plecni  similar  to  it  in  subatance.    These  are  commonly  nameil  accessory 

^^  fopplementary  !*ple£ns(sEp!enculi  ;  lienculi).    One  or  two  most  commonly  occur, 

^**lt  a  greater  numl>er,  and  even  up  to  twenty -three,  have  been  met  witli.    They 

*jjift  email  rounded  massci?,  varying  from  the  Eiz&  of  a  pea  to  that  of  a  walnut. 

^liey  are  usuaUy  situated  near  the  lower  end  of  the  epleen,  either  in  the  gadtro* 

^enic  omentum,  or  in  the  great  omentum. 


STEUCTUHE    OF    THE    BFIiEEN. 


Tlie  spleen  lias  two  membranoos  investments — a  serous  coat  derived 
from  the  peritoneum^  and  a  special  tunic.  The  Foft  substance  (pulp)  of 
the  organ  ia  supported  by  a  reticular  framework  of  whitish  bands  or 
trabecule. 


The  serous  coat  is  tlihi,  smootb,  and  firmly  adherent  to 
propria  IxnicatlL  It  doaoly  invests  the  enrfat'C  <:»f  the  orjjai 
the  places  of  its  rctlecLiuii  to  the  stumach  and  diaphragni^ 

hiliis. 

Fig,  554,  Fig.  554.— Ytal 

or      A     SHAtt 

poRTion    or 

BFUHMSt      { 


,^^KM.^  ^' 


!■■■■: 


A,   periCoiitti 
coTcriDg  ;  &, 

of  whidb  im  a 

todindlj ;  c/,  ii^ 
twigs  ;  r,  ^)I<va< 


f 


^,1 


The 
(fi^.     554, 
tniekcr    and 
thnn  the 
whitifih   u^ 
highly   id^H 

^  "^^Mflr  hecular  stnic^ta^ 

Along    the 
coat  m  afic« 
interior  of  the  spleen,  in  the  form  of  lar^^e    trabecal 
and  enclosed  hy  which  run  the  lilood-vegsels    and   nei 
these    arc   enaheathed  by  prolongations  of    the  fibrous 

Pk%  555. 


Hlfl^ 


X 


»OGV^ 


^ 


6/. 


P^.  565.— Taiir  sicTiow  or  «rLK«K>7ULP,  hmiiit  XAairirrm,  novco 
ouanr  or  i  sxjlll  veik.    (B*A.S.) 

V,  the  rein,  tiled  wiUi  blood^toTpuscles,  whidi  &r9  m  ooolliiiiity  vilk  • 
up  th(*  interstices  of  the  retiform  ti^ano  of  th«  palp.    At  p  tk«  bbol^ 
omittcil  from  the  figare,  and  tb«  bmnclied  e«Us  arc  h«U«r  leeo  j 
Tho  shaded  l^cHlies  aiooiigst  the  retl  bJood-curpuscIes  •!«  i*lcr  cor}«a 

sheaths  nniiify  with  the  i^essels  which  they  include,  ss  Ikr  j 
subdivisions,  and  are  cotmected  with  uumcrcas  tmt 


8TKUCTTJEE   OP   THE    SPLEEN.  641 

UM8  into  the  interior  from  the  whole  inner  surface  of  the  fibrons 
G!he  arrangement  of  the  sheaths  and  trabeculae  may  be  easily 
fed  in  the  spleen  of  the  ox  by  pressing  and  washing  out  the 
tam  a  section ;  and  then  they  are  seen  to  form  a  close  reticu- 

throngh  the  substance.  Thus,  the  proper  coat,  the  sheaths 
I  T€88el8y  and  the  trabeculse,  all  of  a  highly  elastic  nature, 
tote  a  distensible  firamework,  which  contains  in  its  interstices 
iolBB  the  red  pulp.  These  fibrous  structures  are  composed  of 
Hsed  bnndles  of  areolar  tissue  containing  a  large  amount  of  fine 
I  tissae,  and  a  few  plain  muscular  fibre-cells.  In  the  spleen  of 
m,  the  dog,  and  the  cat,  and  to  a  smaller  extent  in  that  of  the 
A  flheep,  there  is  a  far  more  abundant  admixture  of  muscular 
» 

I  p>iilp  of  the  spleen  is  of  a  dark  reddish-brown  colour :  when 
d  ont  from  between  the  trabeculse  it  resembles  grumous  blood,  and, 
haft,  acquires  a  brighter  hue  on  exposure  to  the  air. 
mt  a  tnin  section  which  has  been  treated  with  solution  of  potash 
mined  under  the  microscope  the  pulp  is  seen  to  be  everywhere 
led  by  a  reticulum  of  fine  fibres,  probably  elastic,  and  continuous 
the  tissue  of  the  trabeculse.  These  fibres  are  in  the  natural  con- 
L  oovered  over  and  concealed  by  branched  connective -tissue 
ipleSy  which  are  of  various  forms  and  sizes ;  in  some  parts  little 
IB  interoonmiunicating  branches  remaining,  in  other  paits  the  ceUs 

larger  and  flatter  and  in  closer  connection  (fig.  555,  p).  These 
icIeB,  which  may  be  termed  the  supporting  cells  of  thepulpy  contain 
I  round  or  oval  nucleus,  like  connective-tissue  cells  generally  :  and, 
laed-ont  preparations  of  the  fresh  spleen  substance  it  is  not  un- 
on  to  find  within  them  yellowish  pigment  granules  of  various  sizes, 
nably  derived  from  blood-corpuscles.  In  the  young  subject  the 
i  of  many  of  these  cells  have  been  noticed  to  be  multiple,  or  to  be 
with  prominences  as  if  budding.  The  interstices  between  the 
itacular  cells  are,  in  sections  of  the  hardened  organ,  always  found 

occupied  by  blood  (fig.  555,  hl)y  white  corpuscles  occurring  in 
r  larger  proportion  than  in  ordinary  blood,  especially  in  the  neigh- 
lood  of  the  Malpighian  corpuscles  to  be  immediately  described.  In 
relation  to  the  branched  or  flattened  cells  of  the  pulp,  and  occupy- 
Qme  of  the  smaller  interstices  between  them,  rounded,  unbranched 
ure  seen,  larger  than  white  blood  corpuscles,  but  otherwise  much 
bling  them.  These  cells  are  amoeboid  and  like  the  fixed  cells  of 
lip  often  contain  both  red  blood  corpuscles  and  clumps  of  pigment 
ik». 

MxUTiea8els.~The  splenic  artery  and  vein,  alike  remarkable  for 
great  proportionate  size,  having  entered  the  spleen  by  six  or  more 
faes,  ramify  in  its  interior,  enclosed  within  the  trabecular  sheaths 
ly  described. 

e  smaller  branches  of  the  arteries  leave  the  trabeculse,  and,  passing 
the  proper  substance  of  the  spleen,  divide  into  small  tufts 
terioles  arranged  in  pencils  (fig.  556).  But  before  they  thus 
naiey  the  adventitious  fibrous  coat  which  is  prolonged  over  them 
the  trabeculse  becomes  transformed  into  lymphoid  tissue,  which 

a  comparatively  thick  sheath  along  each.  This  lymphoid  sheath 
aptly  dilated  here  and  there  into  small  oval  or  spheroidal  enlarge- 
ty  measuring  on  an  average  y^  of  an  inch  in  diameter,  but  \KryVxi!|^ 
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in  siae  from  much  smaller  than  this  up  to  -^h  of  an  inch^  am 
reBcmhlin*?  the  lymplioid  follicles  met  with  in  the  inttistiiie  and  d 
These  lymplioid  expansions  may  be  fieen  on  the  siirfaoe  of  a  M 
of  tlie  orji^in  its  lit^ht-cr>)onreil  spots  Boattenjd  in  the  dark  I 
compoBiii^  the  pulp,  and  have  been  long  noticed  and  den 
the  Malpigliiaxt  carpusclas  of  the  spleen  (tig.  554^  eeit 
In  some  casi.'S  the  corpuscle  is  developed  ujxm  one  sid«  onl 
sirteriul  wall,  upon  which  it  then  api>etira  to  be  sessile  ;  whillt 
iustancess— autl  tbig  is  the  most  li*e<]aent  in  the  homati  i 
the  expiuisioti  takes  place  all  round  the  circumfereooe 
veHsel,  by  wbicb  it  then  appears  to  be  pierc^.  In  either 
artery  «eDtls  otl'  radiating  branches  to  be  distributed  in  the  Ji 
corpuscle,  ^M 

Vig,  i;56. —Small    AXtnP 
Doo'g  6PLK15  wiru  MAtru 

Sit  Pt8CLl»     ATTACtt«t>.         1^ 

(KoUiker).  fl 

As  just  stated,  the  Ki 
corpuscles  are  locdind 
Bions  of  the  Ijrmphoid 
wiiich  the  eitemal  ocoi 
smaller  arteries  of  the  i 
formed.     The   reticulafl 


Fig.  656. 


tissue  is  comparativelTop 
almost  absent  towaras  tl 
of  the  corpuscle  :  at  tbe 
it  becomes  closer ;  there 
ever,  no  distinct  boondi 
rating  it  from  the  reiilbl 
of  the  pulp.  The  mei 
densely  packed  with  I] 
corpuscles,  and  the  U 
traversed  bj  blood  capilk 
Tlie  small  arteria  li 
in  capillaries,  which  after  a  longer  or  shorter  cotirse^  loie  tUr 
character^  the  cells  which  compose  their  wall  l)econiin^  ptitU 
rated  from  one  another  by  elongated  clefts  ;  those  at  tbe  eztR 
the  capilkrjr  acqukiu*^  processes  and  becoming  united  by  the 
the  connective  tissue  cells  of  the  pulp»  In  this  manner  their  bk 
flow  directly  into  the  interstices  of  the  pulp  tissue.  The  vdiU 
form  a  network  of  intercommunicating  spaces  within  the  polp^  eai 
in  the  stime  manner  as  the  capillaries  terminate  ;  that  k  to  I 
layer  of  flattened  cells  which  lines  and  mainly  oompoaes  their i 
beia^  traced  back,  loses  its  epithelioid  character,  and  the  odki  be 
thickened  and  spindle-shaijed  and  their  nuclei  prominent; 
to  be  separated  here  and  there  from  each  other,  and  to  " 
by  processes  with  the  cells  of  the  pulp  (fi^.  555).  The  so 
a  different  coiiree  fi-um  the  arteries,  for  they  soon  pnm  lo  I , 
and  are  a>ndueted  upon  and  within  these,  freely  joining 
mosing  ;  whereas  tlie  arteries  appear  to  have  few  or  nu 
within  the  Ruhstance  of  the  organ. 
The  small  veins  within  the  pulp  of  the  bumaii 
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(tranBverse  markbgs.    These  are  prodaced  hj  fiae  elastic  fibres 
icoium  above  described,  which  encircle  the  vesselfi. 

Bl  the  description  above  giveiif  it  wotiM  Appear  that  the  blood  in  pa^in^ 
^  the  spleen  ia  broag-bt  into  immediate  relatioii  with  the  elements  of  the 
■nd  DO  doubt  under^foes  important  ohangee  in  the  paaBo^ e ;  in  this  respect 
bilaajr  ^^  1  jmph  OB  it  parses  throujfh  the  IjrmphatiQ  glands.  Two  modihca-  * 
"which  are  p^robahlj  effected  in  it  maf  be  hejre  pointed  oot.  In  the  first 
?lli0  lymphoid  tdsBoe  ensheatJiing  the  arteries,  together  with  that  compoaing 
^pighian  oorpuiicles,  would  appear,  like  the  eame  tiswae  in  the  lymphatio 
4»  uid  other  parts^  to  be  the  seat  of  the  production  of  pale  blood  oorpuHclea. 
m  circumference  of  thie  tisssue*  these  may  piias  into  the  interatioes  of  the 
md  &o  into  the  blood.  It  is  found,  in  fuct,  that  the  blood  of  the  splenic 
la  ctxtremelj  rich  in  pale  corpascles.  In  the  second  place,  red  blood* 
■olea  may  be  taken  up  by  the  pnlp-cella,  their  colouring  matter  being 
Sonned  into  pigment.  The  splenic  oclla  have,  indeed,  been  noticed^  when 
mtd  cm  the  warm  stage ^  to  take  red  oorpusoleft,  which  were  in  contact  with 
into  their  interior. 

I  lyxnpbatica  of  the  Fpleen  form  two  <?ystem^,  vktrabteular  and  ^perivatculur, 
hkIb  belonging  to  the  former  run  in  the  trabecnlie  and  are  in  oommtmica- 
lHli  ft  superficial  network  in  the  capsule.  The  perivascular  take  origin  in 
Itsifeiow  of  the  lymphoid  ti^^ne  which  en^eaths  the  nnaller  arteries,  aad 
i  forms  the  Malpighian  corpuscles ;  they  do  not^  therefore^  at  &rfit  form 
el  Tonels.  When  these  are  seen  they  commonly  nm  in  poirst  one  on  cither 
if  an  artery,  uniting  over  it  by  frequent  anastomoses ,  and  eometimea 
illj  or  wholly  endosiiig  it.  At  the  hiluji  the  two  eets  of  lymphatics  join 
Booeed  along  the  gaatro-splenio  omentum  to  the  neighbouring  lymphatto 
■i 

I  ^mxT^M^  derived  from  the  solar  plexus,  imrronnd  and  actorapany  the 
b  arteiy  and  itfl  branchea.  They  are  most  probably  distributed  to  th« 
i  and  ph&in  muscular  tiBSue  of  the  framework. 


arature. — (7my,  Structure  and  Um  of  tbe  Spleen,  1B5I ;  Busk  and  Hu^de^  en 

iipighma  Bodies^  in  the  ^ydenbam  ScNiicty^s  traDslation  of  KbllilcGrV  Hktologj ; 

^vaity,  in  Micro.  Jour.,  IL,  p«  7i  ;  BiUrolfi^  ia  Zeitschrift  f.  wisa.  Zoologie,  XI.,  aod 
Arch.  XX,,  imi  ;  and  XXIIL,  1862  ;  W.  Miili^r,  Uebcr  d,  fcin.  Bau  der  Mill, 
1  in  Strieker  i  Handbook  ;  Siieda,  In  Virch.  Arch.,  XXIV.  ;  Schweigi^er-Seiddf 
rah.  XXYIL,  1868;  Tomm,  Wiener  Sitzuuph.  XLVIIL,  1864;  Pertmexhlo, 

IMT  Sitrongsb.  55,  1870  ;  Wtdl,  Wiener  Sitzungsb.  64,  1871  ;  XijUr,  Arch,  t 
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kidtMt  in  the  same  jonraal ;  Staf  u,  Hatst  m  Med.  Geutralhlj  1872  ;  A'fna  in 

larU  Joiun.  o(  Micro.  Sci.»  1870. 


BtJPRAHKNAIj    BOHrEa 

le  mtprarenal  hadm  or  capmk^  {mpmlm  airaUlarim  am  rmes  sue* 
riati  of  old  anatomists),  are  two  flattened  bodies,  belonging  to  the 
of  organs  formerly  kno^vn  as  ductless  glands,  each  of  which  sur- 
ts  the  corresponding  kidney  (hg.  557).  The  upper  border  of 
ght  capeule,  convex  and  thin,  is  often  considerably  elevated  in  the 
e  so  aa  to  give  the  body  a  triangular  form.  The  Iov^*er  border 
cave,  and  rest^  upon  the  anterior  and  inner  part  of  the  summit 
3  kidney,  to  which  it  is  connected  by  loose  areolar  tissue :  it  is 
and  almost  always  deeply  grooved.  The  posterior  siirfaoe  rests 
,he  diaphragm.  The  anterior  surface  presents  an  irregular  fissure 
L  the  hilus,  from  wdiich  the  Buprdrenaf  vein  emerges  (fig.  558,  t^). 
ght  capsule  is  pyramidid  io  shnpQ  and  projects  mQTt  a\>u^^  tW 

T  T  ^ 


IL 


644 


BtlPEAJlENAL   BODIES. 


kidney  than  the  left.     It  ia  covered  by  the  liver  (afc  the  i 
siipnirermliHiL     The  left  capsule   is  more  creacentic   in  forni^ 
generally  larger  than  the  n^ht.      In  most  cases  it  only  joBil 
above  the  kidney.    The  cfjncave  border  rests  agaiiist  tKewDmS 
border  of  the  liead  of  the  kidney.      It  is  in  contact  bcjow  wufc  j 
pancreas,  above  and  exteniaUy  with  the  spleen,      Ite  postericir  \ 
re-sts  apiiiist  the  left  cms  of  the  diaphragm;  its  anterior 
covered  by  the  stomach  and  pancreas. 


Fig.  657. 


Kff.  MB. 


Fig.  557.— Fbokt  TiBw  of  thi  riokt  MLinwwr  aub  supiuftisrAXi  ioijt  *r  Ai 

<3RoW3f  fOTTOa  (Allea  Thomson). 

This   figure  show^B  tho  fobalated  form  of  the  fa>t»l  kidney,  r  ;  r»  tli«  r* 
Miery  ;  l^  tfii"  nrtter  ;  s,  the  tupiareoAl  oipsule,  the  letter  ii  pUctfd  «««riiii 
whioh  tho  Wge  vtim  (v*)  are  seen  eaMrging  from  the  iiitenor  of  \ht  oq^ak 

Fig.  558.— Sectioit  or  the  EuriURiitAii  bodt  (Alko flKittM«)k 

A  Tertlc&t  section  of  the  BtiprarcnAl  bodj  of  a  f^Fius,  tinre  lira  iilatBl  ■ 
the  Jo'v#>r  notch  faj  which  itresta  od  the  summit  of  the  kitlnv^Tt  and  ^  ■altv 
wMch  the  vi^ma  imue^  together  with  the  distinctioii  between  the  aHwIUiy  lat  < 
aubartatice* 


h 


Tlie  suprarenal  capsules  naeaeure  from  an  inch  and  a 
inch  and  three-quarters  fn)ra  ahove  donni,  aud  about  an 
quarter  from  side  to  side  ;  their  thickness  is  from  ooe-ftixtli 
quarter  of  an  iiieli.     The  weii/hi  of  each  in  the  adult  is  from  < 
(irflchm^, 

Strm0tiy*9. — Besides  a  covering  of  areolar  tiame  mixed 
^ith  much  fat,  the  Fuprarenal  capsules  hare  a  tliin  flhnMii  ii 
On   the  exterior  their  culour  is  yello^isli  or  brownidi*; 
divided  (fi*^'.  ,558)^  they  are   seen  to  crmsist  of  two  ftnhttami 
frffTfml  or   rarttmi,   is   of  a   deep  yellow  colour,  tinij  iad 
and   forms   the   principal  mass   of  the   or^n  ;  the  Uhcf,  hUif^di 
niMulJart/^  is  in  tho  adult  of  a  dark  bmwnish-blai^k  hue,  »»i  »  ' 
mid  puli>y  that  some  anatomists  ha\'©  erroueouAljr  deechbvd  * 
within  it. 

The  fibrous  iiiTaatmeiit  (fig.  559,  a),  which  ia 


-^VxRTtcAt  sEcnoir  op  scrrEiA- 
iUT :  HUM  AH.  Maohifjid  <Eberth). 

aJ  finbstanoe;  2,  mednlhury  mh- 
f  c&pmle  I  bf  wousk  glutuenilDsu  ; 
acicalatA ;  d^  xoaa  rtticulark ;  e^ 
medoUary  celk ;  /,  jtectioD  of  a 


.ortical  part  of  the  8upra 
Kly,  exjini  tiled  in  a  Becttoa 
ow  inuiruiiyiiig  power  (fi^j, 

is  seen  to  consist  of  a 
Itroma,  in  which  are  im- 
^lunin-like,  intercommuiii- 
ou jjs  o f ccl h(c),  T he  gvo ups 
on  all  average  y^th  of  an 
diameter,  aod  are  arranged 
r  to  the  Biirface  of  the 
In  the  deepest  part  of  the 
owever,  the  colom*  is  darker, 

colamuar  arrangement  m 

sti-oma  being  more  apally 
etl  {d);  and  iimne<^liately 
the  fibrous  coat  there  is 
narrow  zone  in  wliich  the 
acloBes  what  In  section  look 
jded  or  oval  Bpijces  otx;a- 
^oups  of  cells,  which  are 
he  outer  ends  of  the 
groups      above      men- 

). 

mer  and  ont^  layers  have  beeai  named  by  J,  Arnold  respecUrdj  «ona 
I  and  lona  glomerulosat  while  he  applies  the  term  muA  fa&ci<?ulata  tn 
part  (r)  ;  but  the  trttHBiticm  from  one  of  these  parts  to  another  is  not 
ir  indjcabed  by  any  line  of  demarcation* 

Hb  which  form  the  groupe  and  columns  of  the  cortical  substance 

ledml  in  form  (ti<;.  5t)o):  their  protoplasm  is  finely  reticular, 

unirequentiY  contains  yellowish  oil  globules.     The  celk  vary 

sth  to  Tjyo^^  ^^  ^^  ^^^^^  'J^  ^^'   ^^^  ^^  ^  ^^^^'   ^^^^ 


i  (hormf  do^),  tlie  spaces  of  the  zona  glomemlosa  are  occnpied 
r  amnged  long  columnar  c^lls,  set  around  a  sort  of  lumen,  and  looktag 
;  part  of  a  i^landular  tube.  In  man^  howeyer,  most  of  the  oelk  of  thi:i 
dljhedralf  like  tho^  of  the  other  zoneai 

111  arteriea,  entering  from  Hie  surface,  mn  in  the  septa  parallel  to  the 
Sregnent^  anaetiomosing  togeth^  between  them^  and  is\:ycro\m^iig  «a^ 
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group  of  cells  with  a  fine  capfllaiy  network.  Sraall  bundles  of  imctv 
wards  in  the  septa  between  the  columns  to  reach  the  moclnUary  put  of  tJ 
and  their  fibre*  begin  to  epread  out  in  tJie  xona  reticnlam,  bat  do  wAt 
be  distributed  to  the  cortical  sntctance, 

Lymphaticfl  mn  in  the  ttubeculre  of  the  cortical  mbKtaiioe  and  wm  I 
with  cleft-like   Bpaces  between  the  trabecnlje  and   the  cell-coliuiiiii, 
with  fine  clpfti^  between  the  cella  within  the  colnmns  (Klein).   They  i 
with  efferent  valved  lymphatics  both  in  the  fibzoiia  coat  and 
arotind  the  central  vein. 

The  meduUaxy  part  (fi^.  5^9,  :2)  of  the  suprarenal  csf 
off  from  the  cortical  part  bj  a  layer  of  lori^c  cotinectivB  i 
thinner  parts  of  the  ndnlt  orf^an  there  is  no  medullary  part,  and 
of  connective  tissue  referred  to  is  found  separating  the  deep  sur^ 


Fig.  560, 


¥ig.  5ei. 


Fig.  560.— Cstw  AiTD  OTM,-oaotn«  tbom  thi  ouTEWtoar  latbr  of  Tim  ooaneiv 
or  THM  svPiuaKirAL  soDT«     HioBLT  icioirtrtin  (Bberth).  ^ 


Fig.  5fil, — A   SMALL    PORTTOH    OF    THU    MiDrLLART   FART  OF  TWW 
OF  THX   OX  (ElxiTth).      BrOHLT   XA02riF»I>. 


opposed  portions  of  the  cortical  part ;  hufc  In  the  yoojig  state  tb 
tion  of  cortical  and  medullary  portions  prol>ab]y  exti^nds  thrtragl 
whole  gland.  The  methdlar)'  part  is  pervaded  by  lai^  venous  esq 
which  receive  the  whole  of  tlfie  blood  which  has  passed  throngh  til 
These  venous  capiliaries  are  supported  by  the  fibrous  atroiiui^  irt 
contains,  espcciaflj  in  man,  a  number  of  bundles  of  plain  mnffii 
disposed  parallel  to  the  course  of  the  larger  veins,  and  formini 
plete  investment  to  the  issuing  Bupramnal  vein  (v.  Brunn)*  Hm 
arrano^ement  of  the  stroma  is  reticular  ;  in  its  meahes  are  eookae 
of  cells  (tio:,  nVil\  which  differ  from  those  of  tho  cortex  in  bei 
iiTe^kr  in  ft»nn,  of  a  clearer  aspect  and  destitute  of  oJl-ftlobata 
over  they  become  stained  of  a  deep  brown  colour*  b?  aololki 
chromate  of  potaah^  whereas  tlio  cortical  cells  are  but  sligbtlj  ti 
that  re-Hgent. 

In  flome  animaU  the  medolkty  cells  contain  a  large  amoottl  of  voMi 
p%ment,  but  thlq  is  not  gent^rallj  the  oaae  In  tha  haman  aa]^«oti  Iha  di 
ol  the  meduUa  being  chiefljr  doe  to  the  blood  within  its  ] 


The  bundles  of  nerves  which  paas  through  the  fx>rtical  snhit 
between  it  and  the  medullary  snbstance,  and  then  fonn  a 
laooment  which  extends  through  tho  whole  meduUazy  i 
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observers  (Leydig  and  Lnschka)  have  regarded  the  cells  of  the  me* 
gf  tabBtanoe  as  nerve-cells.  Moers  and  others  describe  ganglion-cells 
•  nervons  plexuses  in  the  medulla,  and  there  are  also  ganglia  on  the 
p  which  ramify  in  the  fibrous  investment  (Henle).  The  medullary 
WBoe  receives  its  blood  by  the  continuation  inwards  of  the  capillary 
pk  of  the  cortex.  The  blood  is  collected  by  venous  radicles  which 
Into  the  stems  in  the  centre  of  the  organ  and  these  emerge  at  the 


L — ^The  saprarenal  bodies  receive  arteries  from  three  sooroeB,  yIz.,  from 
■tey  the  phrenic,  and  the  renal  arteries. 

(#fiii#,  which  pass  ont  from  the  oentre,  are  usually  united  into  one  for  each 
»  Tlie  right  vein  enters  the  vena  cava  inferior  immediately,  whilst  the  left, 
%  longer  conrse,  terminates  in  the  left  renal  vein. 

rwB. — ^The  nerves  which  are  exceedingly  nnmerons  are  derived  froir  the 
|lani8  of  the  sympathetic,  and  from  Uie  renal  plexuses.  According  to 
Him,  some  filaments  come  from  the  phrenic  and  pnenmogastric  nerves, 
■n  made  np  mainly  of  mednllated  fibres,  of  different  sizes,  and  they  have 
■nail  ganglia  npon  them  before  entering  the  organ.  The  nerves  are 
'tOj  numerous  in  the  lower  half,  and  inner  border. 

suprarenal  capsules  are  occasionally  met  with,  attached  by  oon- 
I  to  the  main  bodies ;  and  varying  from  a  small  size  up  to  that  of  a 
:  to  Duckworth  they  possess  no  medullary  part 
u — ^Nothing  is  known  positively  with  regard  to  the  function  of  the 
mul  capsules.  The  opinion  which  has  met  with  most  acceptance  among 
olQgistB  is  that  these  bodies  belong  to  the  class  of  blood-vascular  glands,  and 
nme  influence  upon  the  elaboration  or  disintegration  of  nutritive  material 
■oduct  of  the  cell-activity,  whatever  it  may  be,  is  believed  by  Klein  to  be 
d  off  by  the  lymphatics  of  the  organ,  as  in  the  analogous  case  of  the  thyroid 
Bergmann,  however,  who  was  the  first  to  point  out  the  richness  of  their 
iQt  supply,  suggested  that  they  were  parts  of  the  sympathetic  nervous 
B,  and  in  this  opinion  he  has  been  followed  by  Leydig  and  Luschka.  A 
ad  tint  of  skin,  together  with  progressive  emaciation  and  loss  of  strength, 
quently  found  in  conjunction  with  various  forms  of  disease  more  or  less  in- 
ig  and  altering  the  structure  of  these  bodies  (Addison's  disease). 

ncmtnze. — Bergmann,  Inaug.  Diss.,  Qottingen,  1839  ;  Eeker,  Der  feinere  Bau  der 
nderai,  Ac,  1846 ;  Frey,  Article  in  Todd's  Cycloptedia,  1849  ;  O,  Harley  in  the 
i,  1S68 ;  Moers  in  Virch.  Arch.,  1864  ;  Duckworth  in  St.  Barthol.  Hosp.  Reports, 
;  ffoim  in  Wiener  Sitznngsb.,  1866  ;  Qrandry  in  Jonm.  de  Tanat.,  1867  ;  Eherik 
iflker's  Handbook,  1871 ;  v.  Brunn  in  Arch.  f.  mikr.  Anat,  YIll.  ;  and  Gottinger 
.9 1S78 ;  OretghUm  in  Proc.  R.  S.,  1877  and  Joomal  of  Anat.  and  Phys.,  XIII.  ; 
htri  In  Quarterly  Jonm.  of  Micro.  Sci.,  1882, 


THE  URINAEY  ORGANS. 

a  miliary  organs  consist  of  the  kidneys^  the  glands  by  which  the 
18  secreted,  and  the  vreters^  bladder ^  and  urethra^  serving  for  its 
tion  and  evacaation. 

THB  KIDNXTSTS. 
e  hidneysy  two  in  nnmber,  are  deeply  seated  in  the  loins,  lying 
m  each  side  of  the  vertebral  column,  at  the  back  part  of  the 
QiBal  cavity,  and  behind  the  peritonenm.  They  are  on  a  level 
the  last  dorsal  and  the  two  or  three  npper  lumbar  vertebrsB,  the 
kidney  being  usually  a  little  lower  than  the  left,  probably  in 
jaenoe  of  tibe  yiciiuV  of  the  large  right  lobe  of  the  avot*   *i!\>«] 
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are  maintained  in  this  position  bjr  their  yeeaels^  and  bf  •  qpi 
surrounding  loose  areolar  tissue,  which  usoally  oontams  much  ttf 
adiposa). 

Rg.562. 


Pig.  562.— The  urivart  organs  of  the  rxalm  rmoM  BSHin  (Ed 
By  right  kidney ;  U^  commencement  of  the  ureter  ;  A^  aorta  ;  Ar,  li^t  ic 
TV,   vena  cava ;   Tr,  right  renal  vein ;   Fit,  urinary  bladder  ;    Ua,  <wm# 
urethra.     4 

The  kidneys  measure  about  4  inches  in  length,  2J  inches  in 
and  li  inch  or  more  in  thickness.  The  left  is  nsoaUy  la 
narrower  than  the  ri^Kt.  The  weight  of  the  kidney  is  osoallr 
De  about  4^  oi.  m  \*^<^  \£Li!i^^>  «sA  ^ts^s^W. v»i^  \si  ^oc^f 


STRUCTUEE   OP    THE   KIDNEYS.  U9 

em  and  Coiiiiectioii.s. — The  siirfat^  of  the  kidney  is  Bmooth,  and 
lecp  red  colour.  Its  form  is  peculiar  :  it  is  conipresscd  from  before 
'ards  with  a  convex  outer,  and  concave  inner  border,  and  somewhat 
|ed  extremities,  the  upper  extremity  being  set  somewhat  further 
lian  the  lower, 

» anterior  mrface^  more  convex  than  the  posterior,  looks  somewliat 
pds,  and  is  partially  covered  at  its  upper  end  by  Ihe  perifconenm. 
lUodennm  and  commencement  of  the  transverse  colon,  both  destitute 
itoneum  behind,  are  in  contact  with  the  anterior  surface  of  the  right 
f^  and  the  descending  colon  with  that  of  the  left.  The  front  of 
a:ht  kidney,  moreover,  touches  the  under  surface  of  the  liver,  and 
f  the  left  the  f  andns  of  the  stomach,  the  latter  producing  a  slight 
re  imprecision  on  the  kidney.  Below,  the  antcTior  surface  of  the 
dney  comes  in  contact  with  the  pancreas*  The  posterior  surface, 
ded  in  areolar  tissue,  rests  firstly  upon  the  lower  part  of  the  arch 
s  diaphrafj:m,  in  front  of  and  below  the  twelfth  rib  ;  secondly,  on 
titcrior  layer  of  lumfiar  fascia,  covering  the  quadratiis  Inmborum 
B  ;  and,  lastly,  on  the  psoas  muscle  which  corresponds  with  a 
ST  concave  impresfiion  on  the  posterior  eurface  of  the  organ.  The 
ai  hard^,  convex  in  its  general  outline,  is  directed  somewhat  back- 
i  towards  the  wall  of  the  abdomen.  On  the  left  side  It  is  in  contact 
le  nppcr  two-thirds  of  its  extent  with  the  spleen.  The  inlenml 
%  concave  and  deeply  excavated  towards  the  middle,  is  directed  a 
downwards  and  forwards.  It  exhibits  a  loogltudiual  fissure 
Irf  hj  an  anterior  and  posterior  lip,  and  named  tlie  hilm  of  ihs 
y,  at  which  the  ves&els,  the  excretory  duct,  and  the  nerves  enter  or 
mt  In  this  hilus,  the  renal  vein  lies  in  front,  the  artery  and  its 
hes  next,  and  the  expanded  excretory  duct  or  ureter  behind  and 
ds  the  lower  part.  Ihe  vppfr  emi  of  the  kidney,  which  is  larger 
the  lower,  is  tljiuk  and  rounded,  and  supports  the  suprarenal  cap- 
ffrhich  descends  a  little  way  upon  its  anterior  surface.  This  end  of 
ddney  reaches,  on  the  leii  side,  to  about  the  upjier  border  of  the 
rh  dorsal  vertebra,  and  on  the  ri^ht,  half  an  inch  lower.  It  is  more- 
lirected  slightly  inwards,  so  that  the  upper  ends  of  the  two  kidneys 
Barer  to  each  other  than  the  lower  ends,  which  are  smaller  and  some- 
flattened,  diverge  slightly  from  the  spine,  and  rexich  nearly  m  low 
J  crest  of  the  ilium. 

■i«lie«.— Tbe  kidneys  ajpe  iomeUmea  longer  and  narrower,  and  Bometimei 
r  and  more  roundwi  than  n«uaU     Oocasionally  one  kidney  is  very  email 

the  other  is  proportionately  enlarged.  They  may  be  aitoated  lower  do^n 
isual,  even  in  the  pelvis. 

■noes  are  now  and  then  met  with  in  which  ihe  two  kidneys  are  joined  by 
owcr  ends  across  the  front  of  the  great  blood-veseels  and  vert€ibral  column. 
Oijunct  organ  ha»  neuaUy  the  form  of  a  horse-shoe.  Sometime*  two  united 
f%  are  sitnated  on  one  or  other  side  of  the  Yertebial  column,  in  the  lumbar 
,  or,  but  much  more  rarely,  in  the  cavity  of  the  pelyie.  In  ttfcher  Tery  rare 
bhree  glandular  nmases  have  been  found,  the  gui>ernumerary  organ  being 

either  In  front  or  on  one  aide  of  the  vertebral  column,  or  in  the  (pelvic  cari^. 

ractnre. — The  kidney  is  Burroundcd  by  a  proper  fibrons  coat, 
L  forms  a  thin,  smooth,  but  tirm  investment,  closely  coverin*?  the 
.  It  consists  of  dcQse  areolar  tissue,  with  nnmerons  fine  elastic 
,  and  can  easily  be  detached  from  the  substance  of  the  gland, 
lidi  it  adheres  by  minute  processes  of  connective  i\sau^  wA 
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veBscls.  Underneath  the  capsule  in  the  human  kidnej  » in  m 
layer  of  plain  rauscnlar  fibree. 

On  spatting  open  the  kidney  by  a  longitudinal  section,  froinii 
to  its  inner  Viorder,  the  fissure  named  the  hilns  (fig.  563,  h,  h) 
to  extend  some  distance  into  the  interior  of  the  organ,  forming  i 
called  the  *?m«.«*  of  the  kidney  (s).  This  is  cncbsed  on  all  side 
at  the  hilui?  hy  the  solid  substance  of  the  organ  ;  and  in  line 
inward  prolongation  of  the  fibrous  coat.  The  solid  part  em 
eortkal  and  tmdnUanj  substance  ;  the  latter  being  arranged  in 
conical  masses  named  "  pyramids  of  Slalpighi/'  with  their  \m 
{by  b)  directed  towards  the  surface,  and  their  points  towards  tl 
where  they  tbrm  prominent  papillm.  The  pyramids  are  imbi 
the  cortical  substance,  which  separates  them  from  eacb  oil 
encloses  them  everywhere  except  at  the  papilla,  which  emngi 
and  project  into  the  sinus* 

The  external  or  cortical  substance  {a)  is  sitnated  immediatit 
the  fibrous  capsule,  and  forms  the  superficial  part  of  the  orgmo  i 

Fig.  563. — ^Plaji  or  A  losranwisi 

THUOUOn  TBK   KS1.V13  jjn»   sts 

a,  tb«  cortiofcl  «iibat«aee;  L 
part  of  ivo  of  tlie  pjnunids  ft  I 
c,  <r,  the  dirinona  of  th«  pd!i 
Ali€««,  or  infQiidtbtiJ&,  kid  op«i 
of  then  uoopetied  ;  if,  dL  wnm 
]ijlMiidi  or  juKpLlla;  projeelim  III 
ty  #,  ncUon  of  th«  tmxtvm  pk 
pjnmidt  neftr  the  calio» ;  f^ 
e&krged  portioti  of  the  iif«t«r  « 
kidney  ;  «»  the  meter  ;  «»  tfe  • 
ib«  hUiUv 

out  liA  whole  extent  to  twl 
about  two  Hues,  and  moreofi 
prolongations  inwards  (mfH 
ninn,  or  c^lumncR  Bertim}  1 
the  pjrramids  as  far  as  the  A 
bases  of  the  papillse.  It  is  of  i 
uniform  light  crimson  brown  appearance,  and  is  soft  and  wtStf  h 
in  directions  vertical  to  the  surface.  The  medallarr  pcntMB 
kidnej  is  more  dense  than  the  corticab  ajid  is  distinGtlj  eiriiirii 
to  its  consisting  of  small  diverging  uriniferous  tnbe«>  and  lo  ill 
vessels  being  arranged  in  a  similar  manner.  There  aiBfjawftl 
than  twelve  pyramids,  but  their  number  is  inconstant^Tivjiiif  An 
to  eighteen*  ^Towards  the  papillai  the  pyramids  are  af  a  ligUfl 
than  the  corttml  BubstancCf  but  at  their  base  thej  are  vmmj  | 
and  darker. 

Bscretory  app^zmtiis.'— On  squeezing  a  fresh  kidisinr  vki 
been  split  open,  a  little  urine  wiil  be  seen  to  drain  from  tmm 
fine  orifices  on  their  surface.  The  secretion  is  earned  aviqF  ■ 
veyed  into  the  bladder  by  the  ureter.  This  long  tube  00  bm| 
up  to  the  kidney  is  seen  to  be  somewhat  enlarged,  and  llm  to 
as  it  enters  the  fissure,  into  a  ki]go  funnel-shaped 
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Ig.  546,  P).  This  within  the  sinus,  divides  nsnallj  into  three, 
irtimes  only  two  primary  tabular  divisions,  and  these  at  length 
a  larger  number  of  short,  truncated  but  comparatively  wide 
m  named  calices  or  infundibular  which  receive  the  papillas  into 
de  months  and  are  attached  around  the  bases  of  those  prominences 
licfa,  of  coursey  they  catch  the  issuing  urine. 


Fig.56i. 


— <7m  ov  THB  nmRioR  ov  thb  uppbr 
p  THE  VBRME  (Henle). 

P,  "ptHriB ;  U,  ureter. 

igle  calix  often  surrounds  two, 
les  even  three  papillss,  which 
hat  case  united  together ;  hence, 
DCS  are  in  general  not  so  nume- 
Ihe  papillae.  The  spaces  between 
KB  are  occupied  by  a  consider- 
oont  of  fat,  imbedaed  in  which 
i  the  main  branches  of  the  renal 


the  rest  of  the  ureter,  the  pelvis 
ater  part  of  the  cahces  consist 
$  coats,  viz.,  a  strong  external 
ind  elastic  tunic,  which  becomes 
ocn  around  the  bases  of  the 
with  that  part  of  the  proper 
the  kidney  which  is  continued 

)  sinus ;  secondly,  a  thin  internal  mucous  coat,  which,  or  at  least 
idimn,  is  reflected  over  the  summit  of  each  papilla  ;  and  thirdly, 
I  these  two,  a  double  layer  of  muscular  fibres,  longitudinal  and 
'.  The  longitudinal  fibres  are  lost  near  the  extremi^  of  the  calix, 
i  circular  fibres,  according  to  Henle,  form  a  continuous  circular 
round  the  papilla  where  the  wall  of  the  calix  is  attached  to  it. 

fimmidBl  maases  found  in  the  adult  kidney  indicate  the  original  sepa- 
il  this  gland  into  lobnles  in  the  earlier  stages  of  its  growth. 
these  primitiye  loboles  is  in  fact  a  pyramid  surrounded  by  a  proper  in- 
t  of  cortical  substance,  and  is  analogous  to  one  of  the  lobules  of  the 
tidn^ys  seen  in  many  of  the  lower  animals.  As  the  human  kidney  oon- 
I  be  developed,  the  adjacent  surfaces  of  the  lobules  coalesce  and  the 
(oomies  a  single  mass ;  the  contiguous  i>artB  of  the  originaUy  separate 
faiTeatments,  being  blended  together,  form  the  partitions  between  the 
I  already  described.  Moreover,  upon  the  surface  of  the  kidney  even  in 
i,  after  the  removal  of  the  fibrous  capsule,  faintly  marked  furrows  may 
I  on  the  cortical  substance,  opposite  the  intervals  in  the  interior  between 
al  Xalpighian  pyramids ;  and  not  unfrequently  instances  occur  in  which 
■eparation  of  the  original  lobules  by  grooves  remains  apparent  in  the 


lU  «ri]ii£BnU--On  examining  the  summit  of  one  of  the  papillsB 
r,  eq)ecially  with  the  aid  of  a  lens,  a  number  of  small  orifices 
leen  varying  in  diameter  from  ^^th  to  -ghs^h  of  an  inch.  They 
loently  collected  in  large  numbers  at  the  bottom  of  a  slight 
on  or  foveoia  found  near  the  summit  of  the  papilla,  but  most 
iJtjr  the  Bor&ce  is  pitted  over  with  about  a  sooie  ot  smdi  ^ 
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presfiions  of  this  sort.  On  tmciiig  thesf*  minute  openings  i 
Btanoe  of  the  pjTamida,  they  are  discoTered  to  be  the  mouths  ofm 
or  ducts,  the  nrini/erom  iui^s  before  mentioned^  which  thus  op 
the  surface  of  the  several  |jaj»illm  into  the  interior  of  the  eaiioei. 
As  these  tubuli  pass  up  into  the  pyramidal  flubstanoe,  the 
cate  ^ain  and  again  at  very  acute  angles,  their  sacoessiTe  1 
running  dose  together  in  straiglit  and  slightly  diverging  lines,  i 
continue  thus  to  divide  and  subdivide  until  they  reach  thu  fl 
bases  of  the  pyramids,  whence  they  pass,  j^atlj  augmented  m 
into  the  cortical  BuKstance.  In  the  cortical  part  the  Btraighi 
belonging  to  a  Malpighian  pyramid  are  continued  for  some  way,  i 
groups  or  hundlcs,  the  tubules  in  the  centre  of  which  appro«! 
the  surface  timu  those  at  the  sides.  These  bundles  are  knoi 
meduUarf/  rmjs  (fi<r.  fi65^  m)  of  the  cortex,  and  the  cortical  t 
between  and  around  them  is  termed,  on  account  of  the  mtricito 
ment  of  its  tubules,  the  iabt/riftth  of  the  corlej:. 

Fig.  56$. — Sbctioiv   TBrnouas   pakt  or 

KiDMBY  (Lad trig]. 

p^  p&piliaT7  uid  ^,  boinidafy  Booei  <tf  Ik 
r,  oortiCAl  kjer ;  A.  iNuidUs  of  tsbah 
t>ouiidju7  Uyer,  Bepumted  by  ipace*,  K 

bimeheB  of  veasiels  (not  here  nnwitwO 
longed  into  the  cofTtex  as  ibo  nwiqllMj  n 
inttirraJs  of  cortex,  compcwed  ftiiiiii  «l  < 
tubules,  with  irregular  row  ol  j  ' 
the  iDediillary  raja. 


The  part    of    the    pyfUKid  1 

nearest  the  cortical  soManoe  oa 
nnmber  of  pendl*Hke  bondki  i 
blood-Tessels,  which  originatm^fn 
rial  end  veitous  arches  at  the  jtia 
cortex  and  medulla,  dip  iato  the  f 
and  thus  eommeuea  the  aepllilioi 
tubules  into  the  bundles  whidi  i 
tinned  into  the  cortex  as  tlie  m 
rays.  Tlic  portion  of  the  pyramid  which  is  thus  broken  op  ii 
the  bounds n/  2wii«<  {tig.  5G5,  ^;^ 

Course  of  the  tuhtiles. — The  tubes  commence  in  the  lubjmll 
cortical  siibstunce  by  spfiencal  dilatations  enclosing  like  m  oi|i 
Tafioular  Malpighian  tufts  to  be  afterwards  described. 

Emerging  from  this  dilatation  (tig.  50U,  1),  which  ii  knows 
f^e^sukf  by  a  narrow  neek  (2),  the  tubule  is  at  first  coDVolntcd  il 
(^0rsf  conrohtied  iabuie),  fmt  on  approaching  the  medulhiy 
l^mcs  nearly  straight  with  a  slight  tendency  to  a  spiral  (jsf^ 
of  Sclmchowa,  4).  At  the  junction  of  cortex  and  medttll*  thf 
tul»e  raiiidly  namiws  and  paasee  straight  down  through  the  k 
3&one  towards  the  apex  of  the  pyramid.  After  a  shorter  or  lonpr 
howcven  it  loops  upwards  again  (tl)  becoming  enlarged  in  tte  h 
asone  (7),  hut  somewhat  smaller  a^rain  above  thia  (8,  t>)  wb«  ii 
again  up  the  medullary  ray.  The  prt  of  the  unnifert>as  tube  rti 
dips  dowTi  towanls  tlie  papilla  and  turns  upwards  a^n 
bo^ml  Udmk  of  Ilmle,    On  emerging  from  the  medu  " 
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ized  by  great  irreguJaritj  of  outline  (m-e^Jar  ftthtdi,  10) 
rain  beoomiog  convoluted  {sHond  mnvohded  fuhuk,  11). 
pSs  last  is  connected  wiUi  one  of  the  coOociliiig  tubules  of  tii^ 
f  ray  by  a  miMjumiktml  tubule  {12),  and  the  colkctmg  tubes  (18, 


Fig.  &67. 


^ 


'^m^^. 


56(S* — PtAQRAM   OF   THE    COUftaB    OF   TWO   UELIKIFKBOI  S   TTTBUIT^    (Klcin). 

Jt ;  B>  boandaiy,  rnoQ  C,  papillary  loae  of  tbe  inediilU ;  «,  a\  aaperfieiiii  and 
s  of  cortex,  free  from  gbmcmli.     For  Ihe  explanation  of  the  nonienla,  lee 


-ICalfiohiaji   coapobclb  PRoir   teik  babeitt*8  UDrxT  :   mitiuti  or  sxLTim 

PABPA RATION.       HtOHUr   MAOKIFIBD  (Ludwig). 

Wtmskty  thowing  ita  cpiilieiUI  lining  :  at  v%  the  tninflTcnie  miueutar  fibrea  &ra 
#,  ▼»  eflerons  ;  a,  a',  basement  membrane  of  capsalo  wilh  epithotioid  mark- 
Sf  at  ^  into  that  of  the  commenciag  uniieroua  tubole. 
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14^  15)  uniting  with  one  another,  as  already  noticed,  become  [ 
lur^er  as  thoy  \mm  to  o]^n  ns  excretory  tubes  at  the  smmnitof  iki 
Structure  of  the  tu'buXesv--Tliu  tubules  consist  in  I'vene 

Fig,  668. 


Fig    568. — Tubules  pbom  a  bioiiow  or  tek  ]>oo*b  kidxkt  (Kl«m  aadK«Uc3 

Oj  OSfepente,  endooing  the  glomcruluA ;    n,   noek  of  tbe  cftpsole ;  c .  r,  < 
talmlw ;  K  irregujar  tubulea ;   </,  ccJiecting  tuht ;  #,  c^  spiml  lubea ;  /.  im] 
Mcending  limb  of  Henie^s  loop,  here  (m  the  medullaij  mj)  luurow. 

haBcment  membrane  and  epithelium,  but  the  character  of  the  1 
well  as  the  ^iice  of  the  tubes  varies  considemblj  iu  the  difEfiMtJ 


Fi^.  569.^IV>  ntrsTRATE  thk  meucturb   of   thk  spithkltum  of  tux 
OOKVoHTTED  TCBULEfi  (from  Heidcfthaiii). 

d,  section  of  a  convoluted  ttibule  from  the  rat,  ihowing  tbe  nnaltered 
protoplism  occupying  a  circular  nxcft  aroniid  the  nucleiiB  of  each  oeil ;  a,  6,  r« 
iKoiatefl  celli  from  the  convolute!  tubalea  of  the  ml ;  e,  isolated  oelli  from  the 
dog's  kidney,  ?iewed  from  the  inner  surface,  and  ahowing  the  irragaUr  coa- 
toui  of  the  [irotoplasm  ;  t,  /,  ieolated  celk  from  the  neirt^  akowii^  tlie  rcMl* 
fiad  the  homogcneoua  euticutki-  layer. 

Fig,  570. — ^Pab,t  ot  k  Q0isvov^Ti3>  T^vna.  ^^  <e«i.  va«i%  ***-—  "ftfiinnlidh^ 
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Uftiile  (1^g,  568,  a),  is  lined  by  a  layer  of  flattened  celte,  which  ia 
ed  over  the  contained  tuft  of  blood-vessels,  dipping  between  the 
ite  bunches  of  which  this  is  composed.     This  layer  is  mnch  more 

recognized  in  the  fcetus  and  young  subject  thao  in  the  adult 
»71).  At  the  mrk  the  eijiiliL*lium  Ijccomes  cubical.  It  has  been 
I  by  Hassall  in  the  sheep,  horse,  and  rabbit,  and  more  recently 
fein  in  the  mouse,  that  the  epithelium  here  is  ]>ro\ided  with 
and  it  ia  not  improbable  that  the  tyiine  may  be  the  case  in  aU 
Qals.  In  lower  vertebmtes  as  in  the  frog,  the  existence  of  cilia 
>  place  has  long  been  known.  The  Jtni  cmwohded  (ubule  has  an 
liam  of  a  peculiar  chai-uoter  (Heidenhain).     The  j>ait  of  the  cell 

encloses  the  nucleus  ib  composted  of  ordinary  granular-looking 
iasm,  but  tlie  jmrt  next  the  Ijascmeot  membrane  is  chiefly  made  up 
ight  or  nearly  straight  rods  or  fibrils  placed  vertically  to  the 
lit  membrane  and  cxtcndini^^  a  variable  distance  towards  the 
^figs.  5G9,  570),  hut  usually  occu|>ying  the  greater  part  of  the  cell, 


Fig.6n. 


^-^-SlCTIOM    OP   CORTICAL 

•.Hex  uF  eix»5Sy:  human 

HiaHLT       MAGIT1FI£I> 
I* 

Beralas  with  blood- veaaeb 

developed ;  Cf  epithelium 

it    coaiinuouB  with  d^ 

e|)itheliuai  liniug  Bow* 

ibpsuie  ;  ff  J\  convoluted 


;li  there  is  always  a 
a    of    homogeneooB 

ice     boundino;     the 

owards    the    Iiimcn 

19,/).  Thenocleimis 

»J.  The  cells  are  with 

tyseparated  from  oae 

^  at  least  in   some 

l(#,^.,do^')  owing  to 

h  possessing  lateral  ridge-likc  procefises  (fig.  560,  e)  which  interlock 

ne  another  (Schaohowa),     The  ^ral  fttbtik  of  Schachowa  i&  the 

latiOD  of  the  convoluted   tubule   into   the  medullary   my,   and 

es  a  similar  epithelium  (fig,  5()8, «),   Towards  its  ttTmination,  how- 

16  cells  become  shorter  and  less  distinctly  fibrillated,  but  split  up 

)mpletely  into  lateral  ridges  with  inten^ening  furrows,  esfK?cially  in 

ct  of  the  cell  next  the  hisement  membrane,  so  that  the  cells  bear 

lat  the  aspect  of  columns  deeply  fluted  at  their  base.     Between 

ated  cells,  othcni  of  clearer  aspect  are  foimd  fitting  in,  and  having 

koded  base  which  extends  partly  underneath  them.    According  to 

owa  they  are  pi-esent  also  in  the  convoluted  tubules  proper. 

tie  narrow  tul^  which  fonns  the  desemdwg  iimb  of  Benie's  loopt 

the  locjp  itself,  the  e^iitheliuni  is  quite  low,  and  flattened  against 

ement  membrane.       The  prottpplasm  is  clear  and  the  nucleus 

5nt,     The  ridge-Hkc  processes  at  the  base  of  the  cells  are  said  not 

together  absent  even  here, 

le  ascefidm^  Imb  of  the  looped  tubule  the  epitheWum  ^wgaia  X;BiiSA 
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on  tlie  character  wliicli  is  exhibited  in  the  first  convotutid 
tubes,  but  the  cella  are  rather  smaller,  the  lumen  of  the  tiibfl 
larger,  aod  the  intraeclkilar  rode  not  so  long  as  in  those  U 
cella  of  this  sclent  are  Bometimes  set  obliquelj  so  ai  to  ir 
another.  In  the  human  subject  thej  contain  brown  plgma 
(Klein). 

In  the  irreijular  tulniUs  on  the  other  hand  the  rod-like  m 
the  cells  is  very  disthiut  (fiio:.  568»  b).  The  cells  are  mi 
in  eize,  the  irregularity  of  the  tubules  being  thus  ct^mpdM 
the  lumen  rendered  nearly  the  same  throughouU  The  ] 
oval. 

The  sfcoufl  eonrohdetl  tuhuh  (intercalair  tube  of  Schwe^ 
is  like  the  lirst  in  size,  liut  has  a  different  kind  of  epitheh'mn,  ! 
which  are  rather  long,  with  a  relatively  large  nuclea%  present  l 
highly  refractive  appearance,  aod  where  thev  rest  on  the  8 
propria,  the  protoplaam  exhibits  projections  wnich  fit  betvm 
neighbour  in  or  cells. 

The  funciional  (nhtik^  which  unites  the  last-named  to  the  I 
tnbes,  is  naiTow;  hut  its  lumen  is  relatively  large.  It  is  linil 
flattened  or  cubical  cells  ;  but  between  them  some  cells  ve  fail 
are  similar  in  appearance  to  the  cells  which  line  the  ngfl 
descril>ed. 

The  wlkctlng  fnbes,  which  are  characterised  bj  their  sti«i^0l 
very  distinct  lumen  (fig.  568,  d)  are  lined  by  a  dear  onbml  f 
the  cells  of  which  are  at  first  somewhat  irregular^  bat  beoooill) 
more  regular  as  the  tubes  approach  the  papilla,  so  that  il  ( 
collecting  or  excreiort/  ttibes  the  form  of  the  cells  is  tjpica%^ 
modified  c»iilj  by  the  form  of  the  surface  which  they 
largest  tulies  the  basenaent  membrane  is  said  to  be 
theliimi  cells  resting  directly  u|Km  the  connective  tiasae< 

Klein  describes  a  very  delicate  ncidcated  membmn«  liniti^  1 
the  epithelium,  in  all  the  tubes  except  the  ctesoeadixig  limb  of 
in  the  loop  itself* 

Blood-yessela, — The  kidneys  are  highly  vascular,  and  reo 
blood  from  the  renal  arteries,  which  arc  very  large  in  propott 
size  of  the  organs  they  supply.  Each  renal  artery  divides  in 
five  branches,  which,  passing  in  at  the  hil us,  tetween  the  vein  a 
may  be  traced  into  the  siniia  of  the  kidney,  where  the?  lie  am 
inftmdibula^  together  with  which  they  are  nsually  embeaded  ini 
of  fat.  Penetrating  the  substance  of  the  or^n  between  Ibi 
the  arterial  branches  enter  the  cortical  substance  which  i 
between  the  pyramids  of  Malpighi,  and  proojed  in  this,  aco 
by  a  sheathing  of  areolar  tissue,  and  dividing  and  iCtbdividiiifiE 
the  bases  of  the  pyramids,  whore  they  form  ardies  between  u 
and  medullary  parts,  which  however  are  not  complete,  tnd  is  tli 
differ  from  the  freely  anastomosing  venous  archeo  which  aocoinpi 
From  the  arches  smaller  **  interlobular  *'  arteries  (fig,  572,  a^ 
off,  which  pass  outwards  between  the  medullary  rays  and  aoM 
convoluted  tubules,  pursuing  a  nearly  straight  course  towards  ti 
of  the  organ .  As  they  proceed  they  rive  off  at  intervals  diort  m 
curved  branches  which  proceed  without  further  divisioti  Ui  th 
ends  of  the  unniferons  tubules.    Within  the  capsule  the  tm 
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breaks  up  into  a  larger  nnmber  of  capillary  vesselB 
onvoluted  arrangement,  and  are  closely  held  together 
isae  to  form  a  spheroidal  vascular  tuft,  the  glomerulus 


Fig.  572. 


Fig.  573. 


-ad 


-ao 


Fig.  572. — DiAORAii  OP  the  distributioh  of  thb 
BLOOD-VESSELS  IN  THE  KiDMET  (from  Lndwig). 

<i{,  at,  interlobalar  arteries ;  ri,  ir»,  interlobular 
veins  ;  </,  a  glomerulus ;  v«,  stellate  vein ;  at,  vr, 
arteriffi  et  vene  rectee  forming  pencil-like  bundles, 
a6,  v6  ;  rp,  venous  plexus  in  Uie  papillae. 


Fig.  573. — DiAORAx   showino  the   belatiov  or 

THE     URIKIFEROUS     TUBULES    TO    THE    BLOOD- VES- 
SELS (after  Bowman). 

a,  one  of  the  interlobular  arteries  ;  a',  afferent 
artery  passing  into  the  glomerulus;  c,  capsule  of 
the  glomerulus ;  t^  convoluted  tube ;  ^,  f',  efferent 
vessels  which  subdivide  in  the  plexus  p,  surrounding 
the  tube,  and  finally  terminate  in  the  interlobular 
vein,  r. 


of  Malpighi.  A  vein  (efferent  vessel) 
smaller  than  the  artery,  emerges  from  the 
glomerulus  close  to  the  point  where  the 
artery  enters ;  but,  instead  of  joining  with 
other  small  veins  to  form  larger  venous 
trunks,  as  is  the  case  in  other  organs,  the 
efferent  vessel  divides  into  branches  after 
/  the  mannier  of  an  artery,  and  from  these 

!;,   '  arises    a    dense    network    of    capillaries 

which  everywhere  ramify  over  the  walls 
of  the  uriniferous  tubules  (fig.  573), 
the  meshes  of  the  network  being  poly- 
the  convoluted  tubules  and  elongated  amongst  the 
aedullary  rays.  But  the  efferent  vessels  from  the  lower- 
break  up  wholly  into  pencils  of  straight  vessels  (false 
;h  pass  airectly  into  the  boundary  layer  of  the  medulla, 
'  the  continuation  downwards  of  the  medullary  rays  into 


n  ^ 
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The  renal  arteries  give  branches  likewise  to  the  oapBole  of  the  Udi 
anastomose  with  branches  of  the  Inmbar  arteries,  and  that  so  f reelj  A 
was  able  partially  to  inject  the  kidneys  of  a  dog  from  the  aoita  after 
arteries  had  been  tied« 

The  blood  is  conveyed  from  the  cortex  of  the  kidnej  by  in 
veins  which  accompany  the  interlobular  arteries,  and  join  the  a 
of  the  venous  arches  which  lie  between  the  medulla  and  cortex, 
by  veins  which  lie  dose  beneath  the  capsule  of  the  organ, 


Fig.  674. 


Fig.  575. 


lig.  574. — Injected  olomerulus  prom  the  I55Er  part  op  thi  crtiticii 
OF  THE  horse's  kidhbt.     70  DLiXETKRS  (from  KuUikcf  after  Bovai 

ttf  intcrlotmkr  artery;  af,  afferent  vessel ;  m,  m,  convolute«l  Tcaiekol  the| 
c  f,  eflercnt  vessel ;  b,  its  subdivision  in  the  medullary  subsUnce. 

Fig.   .^75.— LoXGITCPINAL  SECTION  OP  ▲   PART   OP   THE   XEDCLLART    STHTASC 
ADJACENT  CORTICAL  BUHdTAJTCB  OP  THE  KIDNBT,  SHOWING  TUB  BLOOD-^'EMBl 

(from  Southey). 

The  ii^rc  is  designed  principally  to  shoir  tlie  origin  of  the  false  v«a  i 
interlobular  arteries  ;  Aa,  transverse  section  of  anabtomotic  arch ;  CV,  oort 
nif  glomeruli ;  &,  R,  false  vasa  recta ;  M V,  medullary  veins. 

orij^in  by  the  conveyance  of  minute  venous  radicles,  go  as  to  j 
stellate  apj>eanincc  {venm  steHulcc).    These  vessels,  which  recei 
from  the  capsule  of  the  kidney,  pass  inwards  through  the  corta 
join  the  venous  arches. 
With  the  exception  of  the  blood  brought  by  the  &lse  azten 
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bod  gapply  of  the  mednlla  is  to  a  great  extent  independent  of  that 
b  cortex,  although  of  coarse  the  capillary  network  is  continnons 
I^Kont.  The  pyramids  are  chiefly  provided  with  blood  by  vessels 
I  oome  off  directly  from  the  concave  side  of  the  arterial  arches,  and 
Ig  down  into  the  boundair  layer  of  the  medulla  there  divide  to 
rSunches  or  pencUs  of  parallel  or  slightly  diverging  minute  vessels 
Kteriss  rectae,  fig.  572,  ar),  which  by  alternating  with  the  bundles 
biilSsrons*  tubules  which  are  passing  up  to  the  cortex  to  form  the 
DuT  rays,  produce  the  characteristic  streaked  appearance  of  this 
if  the  pyramid. 

e  long  meshed  capillary  network  which  is  supplied  by  the  true 
m  recta;,  is  continued  down  to  the  apex  of  the  {xipilla.  Here  the 
0f  the  pyramid  commence  in  a  close  plexus  of  small  venous 
lee  surrounding  the  excretory  ducts  near  their  orifices  (Rg,  572,  vp). 
ng  outwards  towards  the  base  of  the  pyramid,  and  receiving  lateral 
lieB  at  acute  angles  from  its  capillary  network,  the  small  veins 
M  collected  together  into  pencils,  the  vessels  of  which  (venss 
^  aze  intermix^  with  the  arterias  rectse,  and  unite  into  vessels 
I  open  into  the  concave  side  of  the  venous  arch. 
m  Tenons  trunks  thence  proceed,  in  company  with  the  arteries, 
j^  the  cortical  septula  between  the  pyramids,  to  the  sinus  of  the 
jf^    Joining  together,  they  escape  from  the  hilus,  and  ultimatdy 

t single  vein,  which  lies  in  front  of  the  artery,  and  ends  in  t^e 
vena  cava. 


I. — ^The  lymphatics  of  the  kidney  ore  nnmerons,  consisting  of  a 
Iflfad  set  forming  a  plems  in  the  fibrous  capsule,  and  of  deep  lymphatics 
kkna  from  the  hilus  with  the  blood-vessels.  Ludwig  and  Zawarykin  have 
i  tliat  there  exists  a  network  of  freely  intercommunicating  lymphatio 
I  between  the  tubules,  in  communication  both  with  the  lymphatics  of  the 
M  and  those  which  issue  with  the  blood-yessels  at  the  hUus.  They  are  most 
tint  in  the  cortical  substance. 

!^«0. — ^The  nerves  which  have  been  traced  into  the  kidneys  are  small.  They 
immediately  from  the  renal  plexus  and  the  lesser  splanchnic  nerye,  and 
ft  filaments  derived  from  both  the  sympathetic  and  cerebro-spinal  systems. 
maj  be  traced  accompanying  the  arteries  as  far  as  their  finer  branches,  bat 
noertain  how  they  end. 

ivtulralar  Stroma. — ^Between  the  tabules  and  vessels  of  the  kidn^, 
8h  they  are  disposed  closely  together,  a  small  amount  of  interstitial 
noe  of  the  nature  of  connective  tissue  is  found.  It  has  a  more  fibrons 
tar  in  the  vicinity  of  the  chief  ramifications  of  the  blood-vessels,  and  also 
I  the  Ha^ighian  corpuscles,  and  the  tubes  of  the  medullary  substance. 
ikoma  is  more  abundant  in  the  cortical  substance,  where  it  contains  many 
Qtive  tissue  corpuscles,  than  in  the  greater  part  of  the  medullary  substance ; 
is  very  abundant  towards  the  apices  of  the  papillsB. 

iratore.— (7.  Ludwig,  Article  **  Kidney  "in  Strieker's  Handbook,  1871  (where 
aatare  up  to  that  time  will  be  found) ;  Eberih^  in  Med.  Centralbl.,  1872  ;  Haden- 
A  Arch.  f.  Qikr.  Anat,  X.  1873  ;  W,  Pye^  in  Joum.  of  Anat.  and  PhysioL,  X. 
Pantck,  in  Arch.  1  Anat.,  1876  (position  of  kidney) ;  S,  Scfutchowa^  Untersnch. 
neren,  Du».,  Berne,  1876  ;  ^aikf  in  Wiener  Sitzungsb.,  1877  ;  iMughan*^  in 
Arch.,  1878  ;  Budgt^  in  Deutsche  med.  Wochenschr.,  1878  ;  Buchhammer^  in 
t  Anat,  1879  (varieties) ;  Comity  in  Oomptes  rend.,  1879  ;  Runeber^  in  Nord. 
xk.,  XI ;  ffentchent  Akad.  AfhandL  in  Upaala,  1879. 
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Tlie  ui*etcra  measure  from  fonrtecn  fco  sixteen  ihcIk 
ordinary  width  is  abont  that  of  a  ^oose-quill.     Th" 
however,  diloted   at  ieten'als,  especially  near   the 
narrowest  part  of  the  tube,  excepting  ita  orifice,  is  ti 
walls  of  the  bhiddcr. 

Each  ureter  passes  at  first  obliquely  downwards 
enter  the  cavity  of  the  tme  pehis,  and  then  cm 
inwards,  to  reach  the  base  of  the  bladder.  In  its  whJ 
close  behind  the  peritoneum,  and  is  connected  to  neigh* 
loose  areolar  tissue.  Superiorly,  it  rests  upon  the  pa« 
crossed  very  obliquely  fivm  within  outwards,  by  the  i 
which  descend  in  front  of  it.  The  right  ni-eter  is  do 
vena  cava.  Lower  down,  the  ureter  passes  either  ovei 
the  external  iliac  vessels,  behind  the  termination  of  tl 
right  side  and  the  eigruoid  flexure  of  the  colon  on  the  Ic 
int<j  the  pelvis,  it  enters  the  fold  of  peritoneum  forming 
ing  posterior  false  ligament  of  the  bladder,  and, 
bladdiT  near  the  base  (u,  fig.  577),  runs  downw; 
contact  with  it,  below  the  oblitenited  hypogastric 
upon  its  inner  side,  in  the  male,  by  the  vas  deferens 
down  between  the  ureter  and  the  ol adder.  In  the  fd 
run  along  the  sides  of  the  cervix  uteri  and  iipf)er  paa 
before  reaching  the  bladder,  J 

Having  arrived  at  the  base  of  the  bladder,  abont  I 
from  one  another,  the  ureters  enter  its  ooats,  and  ra 
through  them  for  about  three-qnartera  of  an  inch,  oj 
the  inner  surface  by  two  narrow  and  obliaae  slit-liI 
are  Bituated>  in  the  male,  about  an  inch  and  a  half  ' 
orifice,  and  about  the  same  distance  from  each  ot 
pasftage  of  the  ureter  through  the  vesical  walls,  while  i 
to  flow  into  the  bladder,  luis  the  eflect  of  preventing  it 

Stract-nze. — The  walls  of  the  un»ter  arc  pinkish 
colour.  They  consist  of  an  external  fibrous  coat,  a  ] 
muscular  tissue,  and  a  mucous  linincr.    The  muscular  ( 
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its  base  torned  backwards  and  somewhat  downwards,  whilst  its  i 
directed  forwards  over  the  Bymphjsis  pubis,     Wheu  modenbelfl 
lA  still  contained  within  the  pelvic  cavity,  and  has  a  ronndail 
57 7j  a\  but  when  completely  distended,  it  rises  above  tl»e  f^ 
jielviSj  and  becomes  egg-shafted  ;  its   larger   end,  wliich  ' 
Imse^  or  fundus,  being  directed  backwards  towards  the  rectum  I 
male  and  the  vag^ina  in  the  female  ;  and  its  smaller  end,  ur  i 

Fig.  577. 


-r-t-^- 


.:^! 


..s^v. 


O^ 


Tig.  577,— Latkral  vikw  op  thi  vtsoiba  of  thb  male  p&ltts  (B.  i 

Tlio  tcft  liip< Woe  liaa  been  disarticttlnted  from  tlic  sacmm,  the  spboB  | 
ischlam  cut  tbrou^h^  and  tho  pubis  divided  to  the  left  of  the  ijmphjtM ; 
6,  //,  rectam  ;  c,  membranous  part  of  tbo  uretbra  ;  d^  fiectloo.  of  ibe  le£(4 
nosam  ;  e,  bulb  of  tlio  spongy  bodjr  of  the  aretbra  ;  /^  Cowper's  glAnd  ;  .9»  i 
bod  J  of  tbe  pubis  ;  h^  lipbineter  aiii  muscle  i  it  |KUt  of  tbe  left  vas  deftreai; 
cal^  surfxice  of  tbo  sacmm  ;  n,  dirided  spino  of  tbe  ischium  ;  o,  cooctk  ; 
gland  I  r,  r,  peritoneum  ;  /,  recto-vedcal  pouch ;  u,  left  oreier ;  »,  left  i 
italis« 


resting  against  the  lower  part  of  the  anterior  waU  of  the  i 
Iminediately  in  iront  of  the  base  is  tbe  thickcnefi  portion 
named  the  cervix^  or  neclc^  ft'om  wbieh  tlic  nrethra  abruptly  I 
The  loug  axis  of  the  distended  bladder  is  directed  nearly  1 
from  the  base  to  the  summit,  in  a  line  from  the  coccyx  tal 
somewhat  above  the  B}Tnphysi8  pubis.  In  being  graduaUy  dii 
the  bladder  curves  slightly  fonvards,  so  that  it  becxymes  more  o* 
behind  than  in  front,  and  its  upper  end  is  by  det^rees  turned  mow  i 
more  towards  the  front  of  the  abdomen*  Lastly,  the  bladder^  ^ 
filled,  appeiiTs  slightly  compressed  from  above  downwards,  m  tW 
diameter  in  that  direction  is  less  than  from  side  to  side.  In  it8  <afi 
state,  the  loDgcst  diameter  in  the  male  is  from  base  to  somnui :  1« 
tbe  fi:ma\^  \ts  \^t^^41\i  \%  <^^tv  ^«iQ.t-er  than  its  height,     Dnru^  iafl 


CONNECTIONS  OF  THE  BLADDEH.  «03 

BBBiectionB. — While  freely  moveable  in  all  other  directions  npon 
^vrndin^  parts,  the  bladder  is  fixed  below  to  the  walls  of  the  pelvis 
ftae  neck,  and  by  fibrons  bands  given  off  from  the  recto-vesical 
^  (aee  Vol.  I.  p/837),  named  the  tnie  ligaments  of  the  bladder.  It  is 
lorted,  moreover,  by  strong  areolar  connections  with  the  rectnm  or 
na,  acconling  to  the  sex,  in  a  slighter  degree  by  the  two  ureters,  the 
crated  hypogastric  arteries  and  the  urachus,  by  numerous  blood- 
Bfby  and,  lastly,  by  a  partial  covering  of  the  peritoneum,  which,  in 
S  reflected  from  this  organ  in  different  directions,  forms  duplica- 
tt^  named  the/<//^  ligaments  of  the  bladder. 

"me  inferior  or  pubic  surface  is  entirely  destitute  of  peritoneum,  and 
H.  apposition  with  the  recto-vesical  fascia,  the  symphysis  and  body 
be  pubis,  and,  if  the  organ  be  full,  the  lower  part  of  the  anterior  wall 
lie  abdomen.  It  is  connected  to  these  parts  by  loose  areolar  tissue, 
to  the  back  of  the  pubis  by  two  strong  bands  of  the  recto-vesical 
ifty  named  the  anterior  true  ligaments.  This  surface  of  the  bladder 
^  be  punctured  above  the  pubis  without  wounding  the  peritoneum. 
?he  superior  or  abdominal  surface  is  entirely  free,  and  covered  every- 
sre  by  the  peritoneum,  which  in  the  male  is  prolonged  also  for  a  short 
■nee  upon  the  base  of  the  bladder.  In  the  male,  this  surface  is  in 
tact  with  the  rectum,  and  in  the  female  with  the  uterus,  as  well  as, 
both  sexes,  with  convolutions  of  the  small  intestine.  Beneath  the 
ijUmemn,  in  the  male,  a  part  of  the  vas  deferens  is  found  on  each  side 
be  hiiider  portion  of  this  surface. 

Che  wmmtt  is  connected  to  the  anterior  abdominal  wall  by  a  tapering 
Uan  cord,  named  the  urachus^  which  is  composed  of  fibrous  tissue, 
aed  at  its  base  with  plain  muscular  fibres  which  arc  prolonged  upon  it 
n  the  bladder.  This  cord,  becoming  narrower  as  it  ascends,  passes 
rards  from  the  apex  of  the  bladder  between  the  linca  alba  and  the 
itoDenm,  to  reach  the  umbilicus,  where  it  becomes  blended  with  the 
tse  fibrons  tissue  found  in  that  situation. 

be  nxachns,  which  forms  m  the  early  foetal  state  a  tnbular  coxnxnuiiication 
ffven  the  urinaiy  bladder  and  the  aUantoio  vesicle,  preserves,  according-  to 
dikm,  vestiges  of  its  original  condition  in  the  form  of  a  long*  intermpted 
ilj,  with  irregnlarities  and  dilatations,  lined  with  epithelium  similar  to  that 
he  bladder,  and  sometimes  communicating  l^  a  fine  opening  with  the  vesical 

•be  tides  of  the  bladder,  when  it  is  distended,  are  rounded  and  pro- 
.ent,  and  are  each  of  them  crossed  obliquely  by  the  cord  of  the 
fcenU^d  hypogastric  artery,  which  is  connected  posteriorly  with  the 
■rior  vesicjil  artery,  and  runs  forwards  and  upwards  to  the  umbilicus, 
coaching  the  urachus  above  the  summit  of  the  bladder.  Behind  and 
fe  this  cord  the  side  of  the  bladder  is  covered  with  peritoneum,  but 
fw  and  in  front  of  it  the  peritoneum  does  not  reach  the  bladder, 
A  is  here  connected  to  the  sides  of  the  pelvic  ca\ity  by  loose  areolar 
le  containing  fat,  and,  near  its  anterior  and  lower  part,  by  the  broad 
inaion  from  the  recto-vesical  fascia,  forming  the  lateral  true  ligament. 
Taa  deferens  crosses  obliquely  the  hinder  part  of  this  lateral  surface, 
1  before  backwards  and  downwards,  and  turning  over  the  obliterated 
agastric  artery,  descends  on  the  inner  side  of  the  ureter,  along  tho 
c  part  of  the  superior  surface,  to  the  base  of  the  bladder. 
lie  lose  ot fundus  (fig.  578)  is  the  widest  part  of  the  bkdd&T.   It  v& 
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directed  downwards  as  well  as  backwards,  and  diffei 

the  Bex  in  its  relatiuna  to  other  parts.     In  the  jnaU  it  icstx  l 
second  portion  of  the  rectum,  and  is  covered  superiorly  forti 
by  the   pritoncura»  which,  however,  is   immediatdv*  t^er^- 
upon  the  rectum,  go  as  to  form  the  recUhveiskal  jxmch. 
Below  the  line  of  reflection  of  the  serous  membnuie. 


Fig.  578. 
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«f  *t  Qiir&veUed^  tat  i 
Pi   tinder  tide  ttf  I 
gland,  eul  to  ts  I0 
cjnculAtonr  docti ;  % 
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bladder  is  adherent  to  the  rectiim  by  dense  areolar  tissue  over  a  I 
area  bounded  at  the  sides  by  the  vasa  deferentia  and  vesicake  I 
(fig.  578  s,  s),  whilst  its  apex  in  front  reaches  the  proeUte  glaW 
is  in  this  space,  which  in  tne  natural  state  of  the  parts  is  by  no 
lar^e  ^  it  appears  after  they  are  disturbed  in  dissection,  that  til 
may  be  punctured  from  the  reetum  without  injur>*  to  the  pel 
I ji\\\Qr  femak^  the  base  of  the  bladder  is  of  less  extent,  and 
reach  so  far  back  in  the  pelvis  as  in  the  male  :  for  it  rests  " 
front  of  the  neck  of  the  uterus  and  the  anterior  wall  of  the 
of  which  organs  intervene  between  it  and  the  reetum.  This 
bladder  adhenjs  to  the  vagina,  and  above  that  adhesion  the  _ 
forms  a  poueh  between  it  and  the  utems,  much  shallower  than'l 
voaical  pouch  of  the  male. 

Tliiit  part  of  the  bladder  where  the  urethra  leads  off  from 
IB  the  most  stronj^ly  muscular  part  of  the  vesical  wall, 
male  it  is  closely  connected  with  the  base  of  the  prostate 
which  it  is  supported.     In  both  sexes  this  part  of  the  bl 
erect  posture  is  lowest ;  it  lies  at  the  angle  01  junction  of 
the  pubic  surface. 

lagajuents  of  tlie  bladde]*.^ — The  frm  ligmnenh  of  the 
in  nurnl>er,  two  atiterior  and  two  lateral,  all  derived 
portion  of  the  recto-vesical  fascia,  have  been  already  notiL, 

Thij  /aisp  Iwjaments  qt  pt^Titonjeaf  /bto  are  descrited  as  fire 
Two  of  them,  w^m^^l  palerloT  l^i^  \\sgiK[tfL\&;b  ^  ^c^^iag!:^ 
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ids  in  the  male  olon^  the  sides  of  the  rectum  to  the  posterior  and 
1  aspect  of  the  bladder,  and  bound  the  sides  of  the  recto-vesical 
Httc.  In  the  female  these  posterior  folds  pass  forwards  from  the 
^  the  nterus,  and  are  comparatively  small.  The  two  lateral  false 
nts  extend  from  the  iliac  fossas  to  the  sides  of  the  bladder,  each 
rted  from  the  corresponding  posterior  ligament  bj  a  prominent 
in  which  the  obliterated  hypogastric  artery  lies.  The  superior 
ligament  (ligamentum  suspensorium)  is  the  portion  of  peritonenm 
m  the  ascending  parts  of  the  hypogastric  arteries,  and  reaches 
the  summit  of  the  bladder  to  the  umbilicus. 
taior  of  tlie  bladder. — On  opening  the  bladder,  its  internal 
oe  is  found  to  be  lined  by  a  smooth'  membrane,  which  is  compara- 
r  loosely  attached  to  the  other  coats,  so  that  in  the  empty  condition 
6  ofgan  it  is  nearly  everywhere  thrown  into  small  wrinkles  or  rugae, 
I  disappear  as  soon  as  the  bladder  is  distended.  Besides  these,  the 
ior  of  the  bladder  is  often  marked  by  reticular  elevations  or  'ridges, 
qwnding  with  fasciculi  of  the  muscular  coat. 
the  lower  part  of  the  bladder  is  seen  the  orifice  leading  into  the 
m,  around  which  the  mucous  membrane  is  corrugated  longitudinally. 
ediately  behind  the  urctlu*al  opening,  at  the  lower  nart  of  the  fundus, 
mooth  triangular  surface,  having  its  apex  tumea  forwards,  which, 
g;  to  the  firmer  adhesion  of  the  mucous  membrane  to  the  subjacent 
Bi^  never  presents  any  rugae,  even  when  the  bladder  is  empty.  This 
ee  is  named  the  triffom  (trigonum  vesicae,  Licutaud) ;  at  its  postero- 
jor  angles  are  the  orifices  of  the  two  nreters,  situated  about  an  inch 
kbalf  i^m  each  other,  and  nearly  the  same  distance  from  the  anterior 
),  where  the  bladder  opens  into  the  urethra. 
le  orifices  of  the  ureters,  presenting  the  appearance  of  oval  slits, 
lirected  obliquely  forwardfl  and  inwards :  they  are  united  by  a 
Bd  elevation,  convex  forwards,  which  extends  generally  outwards 
backwards  beyond  them,  and  which  corrcsponcS  in  position  with 
iKolar  band  which  joins  them  together  and  to  the  neck  of  the 
ler.  Proceeding  forwards  from  opposite  the  middle  of  this,  is 
Im  slight  elevation  of  the  mucous  surface,  named  the  uvula  veskm 
h  projects  from  below  into  the  urethral  orifice.  In  the  female, 
3%one  is  small,  and  the  uvula  indistinct.  In  the  male  the  uvula 
.  litUe  in  advance  of  the  middle  lobe  of  the  prostate,  and  is  some- 
I  prolonged  on  the  floor  of  the  prostatic  portion  of  the  urethra, 
produced  by  a  thickening  of  the  submucous  tissue.  In  its  natural 
this  may  contribute  to  the  more  perfect  closure  of  the  orifice  of 
ladder ;  when  enlarged  by  disease  it  fi?equently  produces  considerable 
action  at  the  commencement  of  the  urethra. 
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le  bladder  is  composed  of  a  serous,  a  muscular^  a  submucous^ 
a  mucous  coat,  and  supplied  with  numeroua  blood-vessels  and 
iS.  . 

te  Mrons  or  peritoneal  coat  is  a  partial  covering,  investing  only 
ortierior  and  upper  half  of  the  bladder,  and  reflected  from  it  upon 
nnrounding  parts  in  the  manner  already  described  in  detail. 
le  miuiciilar  coat  consists  of  unstriped  muscular  fibres,  so  arrangea 
warrant  the  usual  description  oi  them  as  forming  layera.Ui^  o\i\«t_ 
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of  which  consists  of  bnndles  of  fibres  more  or  less  loD|ritndiiitl, 
next  of  fil»res  iiiotc  circular  in  dispoeition  ;  while  beneath  tim,i$ 
imperfect  lonj^itudiiinl  layer  more  recently  recognised. 

The  exkrml  or  hmjiimlmal fibres  (fig.  bV^^a,  580,  h,  and  fig.K 
are  most  distinetly  marked  on  the  anterior  and  posterior  surto 
bladder.     Commencing  iu  front  at  the  neck  of  the  organ,  from  tl 
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Fig.  579. — Vt£w  or  thi  MrscrLAR  pibrss  of  ths  bluidck  rtoit  wm 
Tliomaoii,  alter  Fcttigrew^  and  from  tuitaTc).  J 
Od  tlto  right  Ride  the  superficial  fibns  am  shown  ;  on  tbtt  kfl  lb«  dii^ 
fibres  cliiefly  are  diAplajed,  a,  on  the  ngbt  side,  the  mediaa  and  mail  flBfKt 
<}f  the  biigituditial  ^bres,  in  which  a  Bti^t  dccusa&loo  of  fibns  U  wtmi 
direrging  somewhat ;  a"',  the  bwest,  which  poM  mi2ch  more  obliquelj  (  tkt  I 
of  the  longitudinal  fibres  to  the  prostAto  is  sbowit  ;  on  tho  leli  tide,  e,  tfe  if) 
middle,  €'\  the  lowest  set  of  circular  or  deeper  fibres  ;  at  t,  th«  tiuckcit  lal  1 
vcrac  sets  of  these  fibres  forming  the  aphincter ;  jn,  half  the  proaUl*  left  • 
aide,  the  kft  hnving  been  I'cmoTed;  ti,  tke  uzBcbtia,  into  whicb  mmnti^  ibil 
fibres  are  accn  prulonged. 

Fiig.    fiSO.^VlEW  OF  TH1E    XtSCTLAIt  FIBlllS  OF  Tffl   BLU>DBm    FtOH   MBH 

(ThonLBon,  after  Pettigitw,  Mid  from  natmc).  | 
On  the  right  side  the  fsnperficial  fibres  are  displajed  ;  on  tiie  Wt  Vbm  4ai| 
ibe  aame  kind  or  intermcdiAte  fibres,  and  soiae  of  tlie  drevUr  fibita  t  ^  1^1 
auMt  niperficial  and  stn)nge^t  bands  of  longilodinal  ibfe*  on  tbe  iighl  al4*^  I 
diverpng  set  of  tibres  near  tbe  middle  of  tli6  bladder ;  h'*^  tiM  nMiC  difi 
which  sunxmnd  the  entrance  of  the  ureters  ;  on  the  left  side,  r,  c^,  aftd  r*,  I 
deeper  circuhu'  fibres  paasmg  round  at  varioua  leTcls  and  croaiin^  with  lb*  «1« 
log  fibres  posterior) j  ;  # ,  the  most  tmosrene  fibres  ai  Ibe  n«rk  lonniqc  thi 
ii»  tlie  ui«ebti8  ;  vr^  the  ureters  ;  the  left  balf  of  tbe  proelftte  baa  b«ca  iiM 
ibe  sphincter ;  r,  part  of  the  right  vas  deferana  and  Tcsiciila  ceminalH 

in  both  sexes  (mn^uli  pubo-vesteales).  and,  in  the  male^  finom  tl 
ing  i>art  of  the  prosUite  gland,  they  may  be  traced  npmoilt  \ 
finienor  surface  to  the  summit  of  the  bladder ;  and  they  may  & 
followed  do^ix  over  the  posterior  snrfaoe  and  baae  ta  Ihe  loid 
the  neck  of  the  bladder,  where  they  beeome  attached  la  tin  | 
the  male,  and  lu  tb<i  ttv^iki  qC  Uie  Ya^ba  iii  tha  ft^xmle. 
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icial  fascicnli  run  more  or  less  obliquely,  and  often  intersect 
in  the  male  they  reach  the  prostate.    At  the  summit 


er 


!  continued    along    the    urachus.     The  longitudinal   fibres 
ether,  constitute  what  has  been  named  the  deirmor  un'nm 

•called  circular  fibres  form  a  thin  and  somewhat  irregular 
I  layer  distributed  over  the  body  of  the  bladder,  having 
tpearances  in  diflTerent  bladders.  Their  course  may  in  general 
upon  as  transverse,  but  for  the  most  part  throughout  the 
HtMrds  of  the  bladder  they  cross  one  another  in  very  obh'aue 
iwards  the  lower  part  of  the  organ  they  assume  a  more  circular 
d  upon  the  fundus  and  trigone  form  a  tolerably  regular  layer, 
nd  around  the  cervix,  in  immediate  connection  with  the  pro- 
;he  male,  they  densely  encircle  the  orifice  and  constitute  what 
lamed  the  sphincter  vesicce^  which,  however,  is  not  distinct  from 
fibres,  and  according  to  Henle  does  not  perform  the  function 
cter  but  can  only  serve  to  complete  the  evacuation  of  this  part 
ider,  the  part  of  a  sphincter  being  performed  by  the  muscular 
he  prostate. 

ird  stratum  of  fibres,  still  more  deeply  situated,  and  which 
termed  intern^  longitudinal,  was  first  described  by  Ellis,  who 


-VllW  OF  THE  MUSCULAR 
P    THB    BLADDER     FROM    THE 

( Allen  Thomfion,  after  Petti- 
£n>m  nature),     i 

rior  and  posterior  saperficial 
ien  mnning  from  below  up- 
ing  each  other  by  their  diver* 
I  aide  of  the  bladder,  and  are 
f  the  same  letters  as  in  the 
{ores ;  at  c,  a  portion  of  the 
g;iiiidinal  fibres  has  been  re- 
to  expose  the  deeper  circubir 


hed  it  as  "  submucous." 
,  and  its  bundles  have 
r  arrangement  but  with 
1    longitudinal    direc- 


Fig.  581. 


colar  coat  of  the  bladder  formB  so  irregular  a  covering,  that,  when  the 
nch  distended,  intervals  arise  in  which  the  walls  are  very  thin  ;  and, 
internal  or  mncous  lining  protrode  in  any  spot  through  the  muscular 
sort  of  hernia  is  produced,  which  may  go  on  increasing',  so  as  to  form 
lied  a  vesical  sacculus,  or  appendix  te»ic(t,  the  bladder  thus  aflfeoted 
ed  mccnlattd.  Hypertrophy  of  the  muscular  fasciculi,  which  is  liable 
stricture  of  the  urethra  or  other  affections  impeding^  the  issue  of  the 
I  rise  to  that  condition  named  the  fasciculated  bladder,  in  which  the 
the  organ  is  marked  by  strong  reticulated  ridges  or  columns,  with 
1^  depressions. 

t  the  muscular  coat,  between  it  aud  the  mucous  membrane,  but 
re  intimately  connected  with  the  latter,  is  a  well-marked  layer 
'  tiasiie^  the  vascular  or  sabmncoiui  coat.    Tbi&  sdoiiiTi^jKlQft 
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areolar  layer  contains  a  large  number  of  fine  ooiled  fibres  of 
tissue. 

The  muooua  membraae  of  the  bladder  is  soft,  smooth,  and  of  a| 
ro9e  colour.    It  is  continuous  above  with  the  lining  membrane  of  I 
ureters  and  kidneys,  and  below  with  that  of  the  urethra.    Neitherl 
aor  in  the  ureters  is  the  mucous  membrane  provided  ivith  a  ma 
mucosa).     It  adheres  loosely  to  the  muscular  tissue,  and  is  thus  liakk^ 
be  thrown  into  wrinkles,  except  at  the  trigone,  where  it  is  alwaji  i 
even.     It  is  covered  with  a  stratified  epithelium,  similar  to  that  di 
ureters.     The  cells  vary  much  in  form  according  to  the  condition  of i 
tension  of  the  bladder,  for  in  the  distended  organ  they  are  flattened  i 
80  as  to  cover  a  larger  surface,  while  in  the  empty  condition  ofll 
bladder  they  arc  of  less  diameter  and  proportionately  higher. 

VesselB. — ^The  superior  vesical  arteries  proceed  from  the  remaining  j 
portions  of  the  hypogastric  arteries ;  in  the  adnlt  they  appear  as  direct  I 
of  the  internal  iliac.    The  ir^erior  vesical  arteries  are  nsnaUy  derived  fhoi  i 
anterior  division  of  the  internal  iliac.    In  the  female  the  nterine  anefknf 
fiend  branches  to  the  bladder.    The  neck  and  base  of  the  oi^gan  appear  to  be  ill 
most  vascnlar  portions.     The  veins  form  large  plexnses  around  the  ned[.flijiyj 
and  base  of  the  bladder ;  they  eventoaUy  pass  into  the  internal  iliac  veiUL  " 
lymphatics  follow  a  similar  course. 

The  nerves  are  derived  partly  from  the  hyjwgastric  plexus  of  the  symp 
and  i>artly  from  the  sacral  plexus  of  the  oerebro-spinal  system.    The  fon 
said  to  be  chiefly  distributed  to  the  upper  part  of  the  bladder,  whilst  the  i 
nerves  may  be  traced  more  directly  to  its  neck  and  base.    According  to  KJ«li»i^ 
the  nerves  form  a  network  immediately  under  the  epithelium,  frDmi'" 
filaments  pass  amongst  the  epithelium  cells,  where  they  end  in  spedil  i 
Gangliated  plexuses  of  nerves  accompany  the  blood-vessels,  and  send  T 
both  to  these  and  to  the  muscular  coat  of  the  bladder  (F.  Dimrin). 


Ueoent  literature  of  the  bladder  and  ureters. —O^rrsrciRer  in 
Oandbook,  1871 ;  Danifft  u.  v.  IVWter,  (portion  of  bladder)  Mdm-pres.  ^  Tactd.  Rf-*  ' 
mdd.,  hruxclIcH,  1872  ;  Jarii  in  Wiener  med.  Jahrb.  IV.  1873  ;  Egli  in  AicL  late 
Anat.,  IX.  (glands  in  pelvis) ;  Paneth  in  Wiener  Sitzungsb. ,  74, 1876  (epitheliam) ;  WWjFjS 
Bofinann'm  Yirch.  Arch.  LXX.,LXXII.,  1877  (abnormalities of  ureter)  ;  H*tfwuM»»^ 
(capacity  of  bladder) ;  Hamburger,  in  Arch.  1  mikr.  Anat.,  XVII ;  -Majftr,  ia  Vfl^ 
Arch.  LXXXV.  (ganglion-cells  in  ureter). 

On  the  muscular  arrangements  of  the  bladder,  see  Ellis,  in  Trans.  Med.  Ckir.  Sodi^ 
1856,  and  Demonstrations  of  Anatomy  ;  Pettigrew,  in  Phil.  Trans,  for  1S66 ;  SabM 
Rcch.  anat.  et  phys.  sur  les  apiiai-vils  musculaires  corrcsjiondants  4  la  vcaime  et  Ak|i» 
late  dans  Ics  deux  sexes,  1864  ;  Cadiat  in  Uaz.  m6d.  V.,  1876  (sphincter  vcsicc). 

REPRODUCTIVE    ORGANS. 
I.    IN  THE  MALE  SEX. 

IJxDER  this  head  are  included — 1,  the  testes  with  their  dacu  ttl 
coveriiif^^s  ;  aud,  2,  the  urethra,  with  certain  accessory  parts,  such  m  th 
prostate  and  Cowper's  glands.  The  urethra  in  the  male  is  at  once  tkt 
outlet  for  the  urine  from  the  bladder  and  the  products  of  setTttion  fx^ 
the  sexual  glands.  Extending  from  the  neck  of  the  bladder  to  ik 
extremity  of  the  penis,  it  is  surrounded  in  its  first  part  by  the  pn«til« 
gland,  and  there  receives  the  excretory  ducts  of  the  tostt-s  and  v<>icote 
seminales  ;  its  second  jmrt  passes  through  the  triangular  ligunient  of  the 
perineum  ;  and  its  third  and  longest  j>art  passes  along  the  jicriiieaiD  tai 
penis,  surrounded  by  the  corpus  spongiosum. 


THE   PKOSTATE   GLAXD. 
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THE    PROSTATE    QLAND. 

tatp  gland  is  a  firm,  glandular,  and  mnscular  body,  somewhat 
Ing  a  chestnut  in  shape  and  size,  which  adjoins  the  neck  of  the 
",  and  encloses  the  first  part  of  the  urethra  :  it  is  placed  in  the 
cavity,  on  the  upper  aspect  of  the  subpubic  fascia,  and  rests 
ly  ajzainst  the  rectum.     Its  posterior  or  rectal  surface  is  larger 
ita  flattened  anterior  or  pubic  surface.     It  usually  measures  almut 
and  a  half  across  at  its  widest  part,  an  inch  and  a  quarter  from 
to  its  apex,  and  nearly  an  inch  in  thickness.    Its  ordinary 
ife  is  about  six  drachms. 

pnbic  surface  of  the  prostate  is  flattened  and  marked  with   a 

^  longitudinal  furrow  ;  it  is  about  half  an  inch  or  rather  more  from 

.tic  symphysis,  and  there,  as  well  as  at  the  sides,  the  gland  is  con- 


2. — TrA3CS\T-11SB  8ECTI0X  OF    THE    PROS- 
OLASTD   THROUGH    THE    MIDDLE.       (A]leil 


Fig.  582. 


urethra  into  which  the  eminence  of  the 
IlinainniR  rifics  from  below  ;  «,  the  sinus 

.de  cat  through  ;  d  e,  the  ejaculatory 
,  superiorly,  the  deep  sphincter  muRcu- 
;  M,  lower  down,  intersecting  muscular 

in  the  lateral  lobes  of  the  prostate  ;  p, 
■abttancc. 


to  the  pubic  bones  by  the  thickenings  of  the  pelvic  fascia,  which 
the  pubo-prostatic  ligaments  or  anterior  ligaments  of  the  bladder. 
;|>06terior  or  rectal  surface  is  smooth,  and  is  marked  by  a  slight  de- 
Mon,  or  by  two  grooves,  which  meet  in  front,  and  correspond  with 
Ooarse  of  t!ie  seminal  ducts,  as  well  as  mark  the  limits  of  the  lateral 
I  in  this  situation  :  it  is  in  close  apposition  with  the  rectum,  imme- 
ly  in  front  of  the  bend  from  the  middle  to  the  lower  or  anal  part  of 
Yiscus,  where  the  surface  and  superior  Iwrder  of  the  gland  can  be 
by  the  finger  introduced  into  the  intestine.  The  sides  are  convex 
prominent,  and  are  covered  by  the  anterior  portion  of  the  levatores 
mnscles,  which  pass  back  on  each  side,  from  the  pubis  and  triangular 
lent  of  the  urethra,  and  embrace  the  sides  of  the  prostate.  The 
of  the  gland  dii-ected  towards  the  bladder  is  of  considerable  thick- 
,^_^-«,  and  is  notched  in  the  middle :  its  apex  is  turned  towanls  the 
^^iangnlar  ligament.  As  already  stated,  the  prostate  encloses  the  first 
^Mttt  of  the  urethra.  The  canal  runs  nearer  to  the  anterior  than  to  the 
)Wi8terior  surface  of  the  gland,  so  that  in  general  it  is  alwut  a  quarter  of  an 
^lich  distant  from  the  former  and  about  one-third  of  an  inch  from  the 
latter  ;  but  it  frequently  varies  greatly  in  this  resi)cct.  The  prostatic 
liortion  of  the  urethra  is  alx>ut  an  inch  and  a  quarter  long,  and  is  dilated  in 
the  middle;  it  contains  the  colliculus  scminalis  and  the  openings  of  the 
seminal  and  prostatic  ducts,  as  will  be  afterwards  more  particularly  de- 
scribed. The  common  or  ejaculatory  seminal  ducts,  which  pass  fonvards 
from  the  vcsiculae  seminales,  also  traverse  the  lower  part  of  the  prostate, 
enclosed  in  a  special  hollow  i>art  of  the  gland,  and  open  into  the 
urethra ;  and  in  the  middle,  close  in  front  of  these,  is  the  prostatic 
ntricle. 

The  prostate  is  usually  described  as  consisting  of  three  Vibea,  V«o  A 


visible  iD 


divisible  into  two  layers,  between  wliicli  tlie  prost 
enclosfrd  (Adams).  The  glandular  substance  is  asa 
quantity  of  plain  muscular  tissue,  which  forms  the  j 
struma  of  tlie  or^ii.  This  muscular  tissue  forms  an  < 
the  fibroiua  capsule,  and  extends  eTeryirhcre  thro 
substance  :  there  is  also  a  strong  layer  of  circular 
posteriorly  with  the  sphincter  Tcsicae,  and  in  front } 
siUTOiiudiiig  the  membranoue  part  of  the  urethra, 
proBtate  in  front  of  the  urethra  m  almost  entirely 
hinder  pai't  the  muscular  substance  is  in  greatest 
bl  udder. 

The  gkuidular  substance  is  spongy  and  yielding  i  i 
grey»  or  eomctimes  of  a  brownish  hue.  It  consiste  ol 
alveoh\  which  unite  into  a  gmaller  number  of  exa 
epithelium  is  colunmar  throughoufc.  According  to 
is  a  second  layer  of  small  cells  next  the  Ijasement 
the  tapered  ends  of  the  columnar  ceUs.  In  the  upp 
the  acini  are  smaller  and  more  saccular  ;  in  the  midd 
tiie  tubes  are  longer  and  convoluted  at  tlieir  ends.  1 
yessels  fctrm  a  close  network  as  in  other  similar  glan< 
acini,  and  the  dillerent  portions  of  the  gland  are  unitH 
and  supported  by  processes  of  the  deep  layer  of  the  i 
by  the  mnscular  stroma.  The  docts  open  by  from  \ 
more  orifices  upon  the  floor  of  the  urethra,  chiefly  ia 
8ide  of  the  colliciilus  seminalis. 

Aa  age  advanoea,  this  gland  often  becomes  enlnrgad  and  i 
smaU  round  lUbttmmo-calciu-eouB  concretioiiB  of  lftmi*^t^ 
Tatying'  in  sue  up  to  that  of  a  millet  seed. 

Tessels  and  Herves. — Th^  proi^tate  ia  ettpplied  hj  bm 
hfemorrhoidalr  and  pudio  arteries.  Its  reiiut  form  a  pl«d 
fibrous  covering  roaad  the  eides  and  base  of  the  gland,  whi| 

in  nld  fcnhinctiL     Thf^m  Yfitne  rirkminfifvi^AfM  f»  fnmit  «ri^  I 
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is  composed  principally  of  erectile  tissue,  arranged  in  three 

oomewhat  cylindrical  masses,  which  are  enclosed  in  fibrous  sheaths, 

re  united  together  so  as  to  form  a  three-sided  prism  which  receives 

5xing  from  tlie  general  integument.     Of  these  masses,  two,  named 

^^Mr€»  cavernosa  2>eni8y  placed  side  by  side,  fonn  the  j)rincipal  part  of 

«a>r^gan,  whilst  the  other,  situated  beneath  the  two  preceding,  surrounds 

iknal  of  the  urethra,  and  is  named  corpus  caveniosum  urethra  or 

spanffiosum. 

penis  is  attached  at  its  root  to  the  symphysis  of  the  pubes,  and 
pubic  arch  ;  in  front  it  ends  in  an  enlargement  named  the  glan^, 
18  structurally  similar  to  and  continuous  with  the  corpus  spongi* 
The  intermediate  portion  or  body  of  the  penis,  owing  to  the 
ler  in  which  its  three  component  parts  are  united  together,  has 
aomcwhat  flattened  sides  and  three  rounded  borders :  the  upper 
1  named  the  dorsum.    The  glans  penis,  which  is  slightly  compressed 
and  below,  has  at  its  extremity  a  vertical  fissure  forming  tlie  external 
— I  of  the  urethra ;  its  base,  which  is  wider  than  the  body  of  the  penis, 
^y^O'llowed  out  to  receive  the  narrowing  extremities  of  the  corpora 
""'■^      losa;  its  border  is  rounded  and  projecting,  and  is  named  the 
fflandis,  behind  which  is  a  constriction  of  the  penis  named  the 
The  median  fold  of  integument  connecting  the  glans  below  the 
»  >.^.J  orifice  to  the  inferior  border  of  the  penis  is  named  the  frcenum 

^^^^  prepuce. 

^€  integument  of  the  penis,  which  is  continued  from  that  of  the 

and  scrotum,  forms  a  simple  investment  as  far  as  the  neck  of  the 

Here  it  is  doubled  up  in  a  loose  fold,  the  prepuce  or  foreskin. 

inner  layer  of  this  fold  is  firmly  attached  behind  the  cervix  ;  and 

thence  the  integument,  becoming  closely  adherent,  is  continued 

rds  over  the  corona  and  glans,  as  far  as  the  orifice  of  the  urethra^ 

I  it  meets  with  the  mucous  membrane  of  the  urethra.    Upon  the 

ty  of  the  penis  the  skin  is  thin,  free  from  fat,  and,  in  the  anterior 

^^    0*thirda  of  its  length,  from  hairs  also ;  in  these  respects  differing 

^JJUarkably  from  that  on  the  pubes,  which  is  thick,  covers  a  large 

^^rtiion  of  fat,  and,  after  puberty,  is  beset  with  hairs  :  the  skin  of  the 

^^nig  is  moreover  very  movable  and  distensible,  and  is  of  a  darker  colour 

^^Mi  that  of  the  neighbouring  parts.    At  the  free  margin  of  the  prepuce 

^w  integument  changes  its  character,  and  approaches  that  of  a  mucous 

^feiembrane,  being  red,  thin,  and  moist.    Numerous  sebaceous  glands  are 

t^oDectcd  round  the  cervix  of  the  jxinis  and  corona  glaudis ;  they  are 

*  ^tlained  the  glands  of  I'yson,  or  glandular  odorifenc,  their  secretion  having 

[   ^  TOcnliar  odour. 

Upon  the  surface  of  the  glans  the  integument  again  changes  its 
^  diancter ;  it  contains  no  glands,  but  is  beset  with  large  vascmlar  and 
^  nervons  papilke,  and  it  adheres  most  intimately  and  immovably  to  the 
g  spongy  tissue  of  the  glans. 

Beneath  the  skin,  on  the  body  of  the  penis,  the  ordinary  superficial 
^  ftflcia  is  very  distinct ;  it  is  continuous  with  that  of  the  groin,  and  also 
^  with  the  dartos  tissue  of  the  scrotum.  Near  the  root  of  the  organ  there 
^  is  in  front  a  dense  band  of  fibro-elastic  tissue,  named  the  suspensory 
I  ligamentj  I^ng  amongst  the  fibres  of  the  superficial  fascia ;  it  is  triangular 
in  form ;  its  anterior  border  is  frce^  above  it  is  connect^  with  the  toiA 
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part  of  the  pubic  symphysis,  and  below  it  runs  do\Tn  npon  the  dot 
the  penis. 

Tho  integuments  of  tlie  penis  lu*©  supplied  with  blood  by  tmaektl 
dorsal  art*iry  of  the  penis  and   external  padic ;  the  veins  join  the  i 
eattemal  pudic  veins.    Their  nerves  are  derived  from  the 
saperficial  perineal  brunches  of  the  pndic  nerves. 

THE    COBPORA    CAVERNOaA, 

The  corpora  eavemosa  fonn  the  principal  part  of  the  bodj 

penis,  aud  ehiifly  dekrmiae  its  form  ami  cousistence  in  the  ( 
erection.  They  iire  two  t'ylindricid  bodies,  placed  side  by  sidci  1 
on  their  median  aspoctaj  and  closely  united  and  in  part  blended  1 
along  the  middlti  Hue  iu  the  anterior  three- fourths  of  their 
whilst  at  the  back  part,  in  contact  with  the  symphysis  pub 
separate  from  each  other  in  the  fonn  of  two  bulging  and  then  t 


Fig.  533. 


Fig.  593.  — Root  of  thi  fou  . 
TO  TRs  iLAJfi  or  ruM  n 
isaniVM  (from  Kobelt),     i 


f-"N 


\ 


Ot  ft,  nccclcmtor  uriiue  i 
the  bulb  of  the  spongy  bai^ 
urethra,  which  preRiits«i^  p 
ft  modum  notch  ;  6,  &» 
th«  mviele  or  buJlM»t! 
CfHTft  ol  the  pcaia, 
dilatation  or  balb  of  the  i 

corpus  ftpon^iomiJii  unthiv. 


.J^ 


X 


N 


proci'aees  named  efwu^iAi 
tending  backwarda,  are  i 
to  the  pubic  and  ifdlil 
and  are  iu vesteil  by  *he  « 
penis  or  ischio-on- 
The  enlai^^ed  prm 
named  by  Kobelt  thi*  M\ 
roritora  cavtrnosa^  nttaim 
ffreater  pn>portionale  i 
ment  in  some  quadrnpei 
in  man.  In  front,  the 
cavernosa  are  cb^eclr  k 
gether  into  a  blunt  conical  extremity,  which  is  corered  by  |] 
penis  and  firmly  connected  to  its  liase  by  fibrous  tissue. 

The  under  slirface  of  the  united  cavernous  bodicn  presents 
ittdiDal  p-oove,  in  which  is  lodged  the  coi-pus  qion^cMom.    Tl 
or  anterior  Burfiicc  is  also  mai*ked  with  a  ^hs^ht  median  ^roont  \ 
the  dorsal  vein  of  the  penis  is  Biituated,  and  near  the  root  ti  A 
the  pubes  by  the  suspensory  ligament,  V 

Stmcture, — The  median  septum  Ijctween  the  two  comniO 
is  thiek  and  cfmipletc  near  t!ie  roott^f  the  penis;  but  faitliar  lb 
bec»LittU'8  thinner,  and  only  imperfectly  separates  their  omiic 
exhilnts,  particularly  towaVda  tne  anterior  extremity,  nnmeroc 
extendinj^  from  the  dorsal  to  the  urethral  edjre,  and  admittt 
free  c<»mnumication  between  the  erectile  tis^ie  of  the  two  lotki 
the  direction  of  thesse  slits,  the  intemiediate  white  portiom  ol  tk 
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>le  somewhat  the  teeth  of  a  comb,  and  hence  the  partition  has 
sd  the  name  of  septum  ifectmifonnr. 

i  external  fibrous  investment  of  the  cavernous  structure  is  white 
BBfle^  from  ^^th  to  j^^fch  of  an  inch  thick,  and  very  strong  and 


l^TliUniTiisi  SEiTnox  or  this  frttb  m  thb 
mtnurDKD  9rATB  (altered  ^ni  HeJile). 


Fig.  58  J. 


outline  indicates  the  integument  siir- 
Ig  the  deeper  parte  ;  the  erectile  ttsnee  of  tbe  oor- 
MfDOB  vad  the  fieptum  pcctiniforme  are  sbowa 
m  I  »,  placed  on  the  section  of  the  tpongy  body, 
ke  ureihm  ;  r,  the  angle  dooal  vela  ;  a^  the 
J,  and  A,  the  nerve  of  cme  side. 


r: 


It  is  composed  for  the  most  part  of 
odinal  bnn«lle«  of  shiniog  white  fibres, 
Dnmerous  well-develo|XMl  elastic  iibre«, 
ing  the  two  corf^w  »ra  cavernosa  in  a  common  covering ;  ainl  internal 
1,  each  c*:*rpiis  caveraosum  is  Burrounded  by  a  layer  of  circular 
which  enter  into  the  formation  of  the  septum. 
B  the  interior  of  the  fibrous  envelofx?,  and  from  the  sides  of  the 
I,  numerous  lamellte,  bandi?,  and  cords,  composed  of  fibrous  elastic 
■in  muscular  tissue,  and  named  irabeada^  pass  inwards,  and  run 
li  and  across  the  cavity  in  alJ  directions,  thtis  subdividing  it  into 
bitudc  of  iotereticed,  and  giving  the  entire  stnictnnj  a  spongy 
ter. 

trabeculse^  whether  kmelliform  or  cord-like,  arc  larger  and 
er  near  the  circumference  than  along  the  centre  of  each  cavemons 
ind  they  also  Ijeoome  ^dually  thicker  towards  tbe  crura.  The 
laoes,  conversely,  are  larger  in  the  middle  than  near  the  surface  ; 


Fig.  585, 


5. — Portion  of  thb 

ILK  TtSSUB  or  THB 
'9  eAVBft509triC  lUO- 
D,  SBOTHia  TEHS,  ARKO- 

vrKccTcaB  jjtd  thr 
ix%  OcfrntvoTioir 
J.  MuUer). 

ttall  artery  sitpportetl 
In^ger  tiabecuhi^,  and 
^  OQt  on  all  sides ;  r. 
tril-like  arterial  tufts 
&e  arteries  of  Miiller ; 
eolar  etnictnre  formed 
ner  tr^becuhe. 


ong  diameter  is, 

latter  situation, 

transversely  to 
r  tbe  penis:  and 
ccome  larger  to- 
Jic  forepart  of  the 

They  are  fx-cu- 
\j  venous  blood, 

II  reality  lai^  cavernous  veins,  and  are  lined  by  a  layer  of  flatt/«ieA 
itun  similar  to  that  Imhig  othQv  veins* 
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The  intertTabecular  spaces  thus  fonn  a  labyrinth  of  intf 
eating  venous  areolae  divided  bj  the  trabecular  tissue, 
ftieely  from  one  corpuB  cavernosiim  to  the  other  throogh 
especially  in  front.    The  blood  is  carried  away  from  these  i 
sets  of  veins,  the  one  set  joinino^  the  prostatic  plexus  and] 
veins  ;  the  others  passing  into  the  dorsal  vein.     Of  theie  kfitl 

Tig.  5S6. 


:vir.-k- 


Fi^*  586. — FiftT  or  a  sMcnan  of  okk  of  tbe  oorpo&a  ciTnurosA,  ivji 

ItBSP  ABTSBT  07   THE  FEIflfl  (Heille). 

On  ite  left  is  seen  the  fibrooa  tusae ;  at  *,  a  section  of  the  axterift 


from  between  the  corpus  cavemosum  and  the  spongy  body  of  i 
encircling  tlie  penis  nearly  at  right  angles,  wlule  others 
directly  into  the  dorsal  vein  from  the  upper  surface. 

The  principal  arteries  of  the  corpora  cavernosa  are  tfce 


Fig.  5S7- 


Flg.   5S7.— Hklicisb 

THSn    SHIATHS^     &«.     (i 
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A  and  B,  from  tbe 
penb ;  D,  from   tbe 
iircthra? ;  C,  tivisTi 
the   helicine  Artenoi 
other   figures  the  fim&Uer 
longations  of  the  mrterisl 
sbcAth  ATB  fthown  * 
nectlTe  tiwae 
m%  id  two  of  ilie 
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branches  of  the 
(profunda?  penis),  _ 
and  left  eidea ;  bat 
artery  of  the  penta 
small  twigs  thniugh 
,  ^^^^^^— .^-^5.  sheath  of  the  coi 
\^^^^^BvV'^II^M\     ^^^  ^hc  upper 

'^  in  the  fore   part  of; 

Within  the  cavemoi 
nnnierous  brand 
eup^Kirted  by  the  i 
middle  of  which 
terminate  in    brand 
lary  mitiuteticss  which  open  into  the  intertrabeciiJar 
the  axt<it\a\  t-^v^  -^to^^Xm^  vclX/;*  n^^  ^^sf^K?^,  luid  f< 
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J  and  somewhat  dilated  Tessels,  which  were  named  by  J.  Miiller, 
f  aiteries.  These  are  usually  hmnd  down  by  small  fibrous  bands 
B7»*  •),  and  it  appears  to  be  due  to  this  circunistance  that  these 
\ing  Tessek  aoquiie  a  looped  or  tortuoufi  aspect  when  distended 
Eijection. 

heliclne  arteries  are  most  abundant  in  the  poffterior  part  of  the  corpora 
laa,  and  are  fonnd  in  the  correeponding  part  of  the  corpus  spongiosum 
«t  yiey  have  not  been  i^een  in  the  glana  penis.  They  are  more  distinct  in 
pm  sabject  than  In  animals,  where  they  are  often  miaaGd,  fimall  capiUary 
|»  jav  from  them  to  supply  the  tisane  of  the  enoloaing  abeftth. 
mtion  to  the  blood  which  passes  into  the  venous  spaces  from  the 
rj  network  of  the  sheath  and  trabecnhi;  some  small  arteries  are  said  by 
f  to  open  directly  into  the  larger  venous  spaces. 


mm  to  open 
PJtCH'piU 
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Spongiosum  ti^etlirso  conuueuces  in  froiifc  of  the  tri- 
iT ligament  of  the  perineum,  where  it  is  placi^d  lx*tweeu  the  diverging 
)f  the  corpora  cavernosa,  and  somewhat  beliind  their  point  of  juno- 
The  enlarged  and  rounded  posterior  extremity  ia  named  the  bulb, 
situated  below  the  urethra.  It  extemis  fonvards  as  a  cylindrical,  or 
f  tapering  body,  lodged  in  the  groove  on  the  under  side  of  the  united 

Fig.  5S8. 
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rotts  tunic  of  the 
caTsnidfium  ;  2, 
msBihraiie  of  the 
*  Section  of  a 
of  the  miicoaA 
ae;  *  *  section  of 

otifi  bodies,  m 
I  their  blunt 
1  anterior  ex- 
r,  over  which  it 
is  80  as  to  form 
Dfi  penis  already 
led.      In    tlie 

of  thia  extent 
seethe  urethra. 

posterior  bulboia  part,  or  hiJh  of  fhs  vrethra^  varies  in  size  in 
at  subjects.  It  receives  an  investment  from  the  trian£:uliir  llga- 
an  which  it  rests,  and  is  embraced  by  the  accelerator  urina*,  or 
cavemosus  muscle.  The  posterior  extremity  of  the  bulb  exhibits, 
(T  less  distinctly,  a  subdivision  into  two  lateral  portions  or  lobes, 
tad  by  a  sM^ht  furrow  on  the  lower  surface,  and  by  a  slender 

partition  within,  which  extends  for  a  short  distance  forwards  ;  in 
infancy  this  is  more  marked.  It  is  above  this  part  that  the 
ft,  having  pierced  the  triancrular  ligament,  enters  the  bulb, 
tided  obliquely  by  a  portion  of  the  spougy  tissue,  named  by  Kobelt 
Ikulwi  hulbt,  from  whicli  u  layer  of  venous  erectile  tissue  passes 
.pon  the  membranous  and  p ro/tatic  poiiions  of  the  uiet\^t&  U)  ^ihi^ 


[FT 


are  sraaiier,  more  uniionn,  ana  air 
their  Umg  diameter  in  the  line  of  that  of  the  peni 
the  meshes  are  Bniallest  and  most  uniform.  Flail 
immediately  eurroimd  the  canal  of  the  urethra,  and 
the  external  coat  of  the  spon^  substanoe.  A  oi 
derived  ft*ora  the  interaal  pudic  enters  the  bulb  <1 
Biipplies  tiie  greater  part  of  the  sponcry  body,  sea 
far  as  the  ^lans  x>enis,  but  thia  part  ig  chiefly  sap] 
from  the  arteria  don^ialis.  Besides  tliese,  there  is  a 
gmaller  branch  of  the  pudic  artery,  entering  the  hi 
Burfiice,  about  an  inch  from  its  posterior  extremi 
forwards  in  the  coqiue  spongiosum  to  the  glans  (Kobe 
open  into  the  venous  spaces  chiefly  if  not  entirely  by  ti 
capillaries,  Yeins  issue  from  the  glans  and  adjoining 
body,  to  end  in  the  vena  doi^salis  penis  ;  those  of  the  1 
body  for  tlie  most  part  pass  backwards  through  the  ha 
prostatic  and  pudic  venous  plexuses  :  some  emerge 
corpora  cavernosa,  anastomose  with  their  veins,  and 
cutaneous  veins  of  the  penis  and  scrotnm,  and  jmnly 
obturator  veins. 

The  lympliatica  of  the  pcnifi  form  a  dense  network  on  lj 
and  prepuce,  and  also  underneath  the  ma  com  liningr  of  tbft 
chieQj  into  the  ingninat  glands.  Beep-soated  Ijmphatios  I 
iBsuing  from  the  cavemouA  and  spongy  bodiei,  asd  ptisang  i 
with  the  deep  yeinSr  to  join,  the  lymphatio  pleziises  in  the  p« 

The  nerves  of  the  penis  are  derived  from  the  dorsal  nut 
branches  of  thejrutH^  nrrre  and  from  the  hypo^attrie  pU^snai 
The  former  are  distributed  to  the  skin  and  mncoos  membrtm 
to  the  cavemooB  and  t»pon^  botUes.  Simple  and  compoi 
nmneronslj  on  the  nerres  of  the  penis,  and  Paolnlan  bodies 
the  nerreB  of  the  glans. 
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^lain  muscular  fibres,  the  inner  fibres  dieposed  longitudinally,  and  the 
m.  *^^  10  a  circukr  direction*     The  urethra  is  described  under  the  thi«e 
-•^^^naions  of  the  prostatic^  ifienihranom,  and  sponi/t/  portions. 

Fig.  589, 


!9|g.   539* — ThS  LOWia  FABT   op  THK   ntA^DDKll  ASt>  TBS  PROSTlTrC^   M1IMBIUK0V8,    AlfV 
ft  tOLflOCB  PAJITi  or  THK  OBXTBllA  OPB!eE1>  rSOM   AAOTB.       (Alldl  ThomMOj 

Pa  portidii  of  the  wall  of  the  bladder  and  the  upper  part  of  tli«  provtste  gland  have  been 
fi^niiiredy  the  corpora  caTemoaa  penia  liare  been  separated  in  tlie  middle  line  and  tum^ 
la  %hv  «td<?,  and  the  aretLra  liaa  been  altt  up  ;  the  bulb  is  left  entire  belovr,  and  npovi 
And  betj^  '  '  jl&nda  of  Cowpcr  with  their  ducts  have  been  exposed,  t,  placed  in  ib« 
ttlddJc  nam  reside  ;  i/,  u^  oblique  apertttrcs  of  the  ureters ;  fix>tD  these  an 

ele^tiME.  .„„  ^.Jl  of  the  bladder  in  shown  ninniag  down  to  «  r,  the  UTiila  reaicae  ;  I,  ib« 
loti^tudinaJ  nmseuUr  fibres  of  the  bladder  paamn^  down  upon  the  profttat« ;  s  r,  the 
tfirettJar  fibres  of  the  sphincter;  p,  the  glandular  part  of  the  prcetate  ;  p\  the  proetatio 
iBorlMiii  of  the  luvthra  ;  from  the  itTula  vesicc  a  median  ridge  is  seen  deaeendiiig  to  tbe 
cainit  gallltiaginia,  in  irhichf  indicates  the  opening  of  the  prostatic  otricte,  and  d,  ihfti  ol 
ooe  of  the  ejacuLktorj  ducts ;  vr,  the  commoDcement  of  the  membranous  ]M>ttion  of  tbe 
ttnstiira ;  6,  tbe  balb  of  the  spoDgy  body  ;  h\  the  bulbous  port  ol  the  ttrethra ;  e,  one  ol 
Ctmftr%  gUoda  ;  ed,  ed,  coutae  and  orifice  of  its  duct  lying  vpon  tlie  Imlb,  and  pMMQg 
■  lietveea  the  tpoogy  body  and  tbe  vrethitt,  into  which  along  with  ila  f Allow  It 
i;  f,  one  of  the  oofpon  cameiaosap 
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1.  The  firsb^  or  prostatic  portion,  is  tbe  part  which  paBses  th 

the  prostate  gland.    It  is  about  1  i  inches  in  length,  is  the  widefti 
of  the  canal,  and  is  wider  io  the  mi<ldle  than  at  either  end  :  at  thi  I 
of  the  bladder  its  diameter  is  nearly  one-third  of  an  inch,  in  ihel 
part  it  widens  a  little,  so  as  to  be  rather  more  than  this  (in  oM  [ 
nearly  half  an  inch),  farther  on  it  diminidaea,  until,  at  its  anterior] 
it  is  smaller  than  at  its  commencement.  It  passee  through  the  uppif 
of  the  prostate,  abore  tbe  middle  lobe.    Though  enclosed  in  Lbt| 
glandular  substance,  it  is   more  dilatable  than  any  other  pairt  d  { 
orethra  ;  hut  immediately  at  the  neck  of  the  bladder,  it  is  much  r 
resistant.     The  transverse  section  of  the  urethra,  as  it  ]m  \ 
prostate,  is  slightly  canned  with  the  convexity  upward?. 

The  lining  membrane  of  the  prostatic  portion  of  the  nrethra  is  I 
into  longitudinal  folds,  when  not  distended  by  fluid.    Towards  tlhi| 
of  the  bladder,  a  slight  elevation  on  the  lower  surface  paseesl 
tbe  uvula  vesiciu,    Somewhat  in  advance  of  this,  and  coaticua^d  toi^ 
along  tbe  floor  of  the  passage,  projects  a  narrow  median  ridgt,  i ' 
three  quarters  of  au  inch  in  length,  and  one  eighth  of  an  inch 
greatest  height ;  this  ridge  gi"adnally  rises  into  a  p^:  ' 
again  at  its  anterior  or  lower  end,  and  is  foimed  by  ; 
mucous  membrane  and  subjacent  tissue.    This  is  the  ' 
(crista  urcthi*a;),  which  also  receives  the  names  of 
capnt  gain  flag  int's  and  vermiwnfamnn.     On  eaci 
surface  is  slightly  depressed,  so  as  to  form  a  lon^'^i  i 
the  jyrosta tic  sinu^f  the  floor  of  which  is  pierced  by  numeraQs  roCBfciW| 
the  orifices  of  tbe  prostatic  ducts.    Through  tJies©  a  vificid  flaid^ 
cot  on  pressure  ;  the  ducts  of  the  middle  iobe  open  behind  the  i 
crest,  and  some  others  open  before  it.    The  prostatio  nrethral 
membrane  is  covered  by  a  laminated  epithchum  like  that  of  thu  1 

At  tbe  fore  part  of  the  most  elevated  portion  of  the  Cfefii,  and 
in  the  middle  line,  is  a  recess,  upon  or  within  tbe  margim  nf  i 
are  placed  tbe  slit-like  openings  of  the  conunoa  eemioal  or  t| 
ducts,  one  at  each  side.    This  median  deprcfirion  leads  into  Uie[ 
vesicle,  which  has  been  named  also  sinus  poeuhxris^  icM^  cr 
mmtitUnm,    It  was  first  described  by  Morgagnit  and  ooffve^oiidi  vH^ 
the  uterus  in  the  female. 

The  vesicle  forms  a  cul-de-sac  mnning  upwards  or  badnnid%  talg 
three  to  five  lines  deep,  and  usually  about  one  quarter  to  n^riy  I  " 
inch  wide  at  its  entrance  and  for  some  distance  np,  bat  aeqa 
width  of  at  least  one  twelfth  of  an  inch  at  its  further  end  or 
The  narrow  portion  runs  in  the  urethral  crest,  and  its  fundus  Iks  I 
and  lx?ueath  the  middle  lobe,  and  between  the  two  lateral  lobes  of  I 
prostate.     Its  parietes,  which  are  distinct,  and  of  some 
composed  of  fibrous  tissue  and  mucous  membrane,  togietbsr  Willi  a  i 
muscular  fibres,  and  enclose  on  each  side  the  ejacalatory  duct  %  bob 
small  ramified  and  convoluted  glands  open  on  its  inner  mrliwM 
epitbeUal  lining  is  of  tbe  laminated  kind.      The  capot 
contains  some  well-mai'ked  erectile  and  plain  muscnlar  inatie,  aad  ill 
been  eupposed  that  this  eminence,  when  distended  with  blood,  i 
an  obstacle  to  tbe  passage  of  the  semen  backwards  into  the  bM.^. 

2.  The  membranous  |Kirtion  of  the  tu*etbra  eompiiaes  tiht  pit  bh 

tween  the  apex  of  the  prostate  and  the  bulb  of  the  oornos  ^or  ^ 

It  is  three  qnarters  of  an  inch  long,  but  about  half  an  incSn  of  its  ] 
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I  covered  by  the  bulb  of  the  eorpus  caveniosuni  wliich  projects 

iR  over  it.     This  menibiauons  portion  is  the  narrowest  dinsion 

tlira.     In  the  middle  its  diameter  is  one-fifth  of  an  inch  ;  at 

>t  quite  80  mnch.     It  is  placed  beneath  the  pubic  arch,  the 

^<5oueiive  surface  bein^  distant  nearly  an  inch  from  the  hone, 

an  interval,  occupied  by  the  dorsal  vessels  and  nerves  of  the 

or  areolar  tissue,  and  some  moscular  fibix^s.      Its  lower  convex 

IS  turned  towards  the  periaa^um,  opposite  the  point  of  meeting 


070 


2^      112QJ 


PO. — Saoittal  ascrtoir  or  trk  commsxckscej^t  or  tur  nitmiaA  fabsiko  a  littli 
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inapliTBU  |mbis  i  2,  bbddcr  ;  3,  4,  sectioa  of  its  wall  ;  5^  puWprDStatic  ligameiifc; 
^  different  parte  of  the  prosUte  ;  12,  left  tm  defenjna  i  la,  left  seminal  vesicle  ; 
Ctilfttory  duct*  opening  on  the  ycra  montannm  ;  15^  waU  of  tho  membranous  part 
nretlitm ;  16,  arcoiar  tissue  with  venous  plexus,  into  whieh  the  Tcna  donalift 
17,  i«  aeen  passing  ;  18,  trian^nlar  ligiunent ;  It*,  bulb  of  the  cotpu*  spongioaum; 

ivperV  gUnd  ;  21,  ita  duct ;  22,.  cavit/  of  the  rectum  ;  23,  iU  wulU  ;  24,  anna ; 

nAmr  ami   nmscuUu-  tiasue  lying   bettrecn  the  rectum  aud  bulb  ;    26,    septum 

;  27f  oofpoa  spoagioaum  urethrae. 

k6  transverse  Tnnscles  ;  it  is  separated  by  an  interval  from  the  last 
of  the  rectum.  About  y^^th  of  an  iiieh  in  front  of  the  prostata 
tergc^  from  between  the  anterior  bordei-s  of  the  levaUtres  ani,  and 
«  throngrh  the  deep  layer  of  the  subpubic  fascia  ;  it  then  lies  between 
mad  the  anterior  layer  (trianjrnlar   bVamcnt)  throngh   which  it 

0  ioineway  ferther  forwards.  'Both  these  fibrttiis  membranes  are 
>iiged  upon  it,  the  one  backwards  and  the  other  forwards.    Between 

1  two  layers  the  urethra  is  surrounded  by  erectile  tissue,  by  some 
i^  and  also  by  plain  muscular  tissue,  whilst  the  fibres  of  the  cmipr^^ 
)rm  muBcle  are  beneath  it.    Ou  each  side  are  CowpetR  ^vawoa. 
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diametiir,  being  iiiterm&fliutti  in  this  respect 
membranous  pcjitioiis.  The  cross  section  of  its  i 
verse  slit.  Ike  canul  of  the  urethra  in  the  gla 
when  seen  in  a  cross  section,  the  form  of  a  vert  id 
which  is  from  one-third  to  half  an  inch  in  lengthy 
con  side  mbly  dilated,  forming  what  is  mimed  the  fossi 

Lastly,  at  its  orifice,  which  is  a  vertical  fissure  frd 
inch  in  extent,  and  bounded  by  two  small  lii>s,  the  m 
traetcd  and  reaches  its  narrowest  dimensions.  From 
ot  the  tissnes  at  its  maig^iiij  this  opening  does  not  adl 
or  catheter  as  even  the  membranous  jvortion  of  the  cl 

The  xnucoTia  membrane  of  the  urethra  po8ses8ei 
lium,  of  which  the  superficial  cells  are  long  and  cot 
short  distance  (5  to  8  oim.)  from  the  orifice?,  where  th^ 
where  the  Bubja<?eut  menibmiie  is  beset  with  papilla 
rests  on  a  basement  membrane.  Outside  the  mucous 
a  layer  of  convoluted  vascular  stracture,  and  external 
circular  plain  muscular  fibres  separating  it  from  the  | 
the  s|K)Ugy  body. 

The  whole  lining  membrane  of  the  urethra,  except 
beset  with  small  racemose  mucous  glands  and  follicle* 
the  fflamh  of  Lillre,  the  ducts  of  which  pass  obliqud 
the  inemhmne.  They  vary  much  in  size  and  in  the  ei 
cavities  are  ramified  and  sacculated,  some  being  quU 
these  there  are  larger  recesses  or  laruntif  opening 
Lunied  forwards,  or  down  the  canaL  These  are  most  ^ 
fltior  of  the  urethra,  especially  in  its  bulbous  part, 
spicuous  recess,  situated  on  the  n]>iier  surface  of  the 
named  the  lacuna  magna.  A  median  fold  of  the  mei 
the  inferior  surface  of  this  part  of  the  urethra  hag  be^ 
of  the  fossa  navicularis. 

Six&titied  concrements  like  those  met  with  in  the 
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le«  held  to^rether  by  a  firm  investment.  This  latter,  aa 
walls  of  the?  ducts,  contains  miisctilar  tissue.  The  epithelium 
mi  consists  of  clear  columnar  cells,  with  a  retieukr  protoplasmi 
ig  like  the  c^^lls  of  mucous  glands.  The  ducts  are  lined  with  cubical 
anm.  The  ducts  unite  outside  each  gland  to  form  a  single  ex- 
f  duct  (fig.  58D,  €  d).  These  ducts  run  forward  near  each  other 
Ejat  an  inch  or  an  inch  and  a  half,  first  in  the  spongy  suhstanoe 
len  beneath  the  mucous  membrane,  and  termitiate  in  the  floor  of 
ilbous  part  of  the  urethra  by  two  minute  orificcB  opening  obliquely, 
glands  secrete  a  viscid  fluid,  the  use  of  which  is  not  known  ;  they 
T  to  diminish  in  oM  age  ;  sometimes  there  is  only  one  present,  and 
ud  both  may  be  absent. 

jjonallj  tlicre  ia  a  third  flaDdulor  body  in  front  of  and  l>otween  Cowper's 
;  thia  has  been  nani&d  the  anterwr  jjrinttatc  oTtiHit-jirtfstiiiw  glund, 

3  muscles  in  connection  with  the  urethra  and  pern's  have  been 
y  deacribed  with  the  muscles  of  the  j>erinEeum  in  the  first  volume. 

WbA  I«lteratTire  of  the  urethra  and  penis, — Klein ^  in  Strieker's  HMidbookf  1371 ; 
1^,  in  WietJtr  SiUungsU.,  XLVI.  [  Itohin  tt  Cadiat^  in  Jonnt.  de  TAnat.,  \Wth 
MIM  tir«thrale)j  Langtrfians,  in  Vireh,  Arch* ,  LXI.  (accessory  genital  gUnda) ;  /venen, 
id.  mod.  arlL  XI,  (pronrUte) ;  M.  v,  Frty,  in  ArcK  t  Anat*,  1880  (corpora 
Sb);  Schnddemiihlf  iiL  Zeitfichr.  t  Tbieimcd.,  VI.,  1380  (Cowper's  glanda), 

IS    TESTES    Ain>    THEEB    ACC?ESSORT    BTRUCTtTHEa 

e  kstts  or  tfisHeks^  the  two  ^dandukr  organs  which  produce  the 
latozoa,  are  situated  in  the  i>ouch  of  integument  termed  the  scrotutn, 
being  suspended  by  the  spernudic  cord, 

e  speriaatic  coird. — Thu  imrts  wliicli  form  this  cord  are  the  excre- 
Inot  of  the  testes,  named  the  vas  defti'euB,  the  spermatic  artery  and 
» ^pmphatics,  werves,  and  connecting  areolar  tissue.  Besides  tbie 
lie  cord  has  several  coverings  in  conimoa  with  the  testis.  The 
inres  mentioned  come  together  to  form  the  cf*rd  at  the  internal  or 
ibdominal  ring,  and,  extending  tiurongh  the  abdominal  wall  obliquely 
wards  and  towards  the  middle  hue,  escape  at  the  superficial  or 
nal  abdominal  ring,  whence  the  cord  descends  over  the  front  of  the 
I  into  the  scrotum. 
m  inguinal  canal. — By  the  tenn  inguimd  canal  is  understood  the 

occupied  l<y  tlic  s}K*rmatic  cord  as  it  passes  through  the  abdominal 

It  extends  frum  the  deep  to  the  sujx^rticial  abdominal  ring,  and 

mt  an  inch  and  a  half  in  length.     In  the  upper  part  of  this  course 

urd  hajB  the  fascia  transvursalis  behind  it^  and  is  covered  in  front  by 

>wer  fibres  of  the  internal  oblique  and  t runs vcrsahs  muscles  ;  lower 

it  Ue»  in  front  of  the  conjoined  tendon  of  these  musi'lcs,  the  fibres 
dch  have  arched  inwards  over  it,  and  its  cremasteric  covering  is  in 
ct  anteriorly  mth  the  a|x)neiirosis  of  the  external  oblique  muscle, 
inguinal  caoal  is  therefore  said  to  be  htiunded  posterii>rly  by  the 
I  transversalis  above  and  the  conjoined  tendon  beluw,  and  anteriorly 
>res  of  the  transversalis  and  internal  oblique  muscles  above,  and  the 
porosis  of  the  external  obliijiie  nnisc^le  h»ekw  ;  while  its  floor  is 
*d  by  the  cm-ving  backwai*ds  of  Poupi\rt*s  lignment,  and  its  roof  by 
pposition  of  the  layers  of  the  abtlomind  wall  and  the  arched  fibres 
3  internal  oblique  muscle, 

it  enters  the  ing-uinal  cana^  the  cord  receivea  a  covermg Itom  \3aR 
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mftindibuliforni  fascia,  a  thia  layer  csontiouous  with  the  &BGia 
sails,  and  prolonged  do^n  from  the  margia  of  the  deep  abdoiiuDili 
within  the  canal  it  receives  a  covering  Irora  the  cremaster  mside  % 
layer  of  fascia  ;  and  as  it  emerges  from  the  c^nal  there  is  added  I 
ficially  to  this,  the  intercolnmnar  fascia  prolonged  ^m  the 
the  superficial  abdominal  ring, 

Tlie  acrotiujip—Thc  scrotum  fonns  a  parse-lilco  inTeetmeiii  j 
testes  and  part  of  the  Bpermatic  cords.     Its  condition  is  liable  f 
variations  according  to  the  state  of  the  health  and  other 
thns  it  is  short  and  corrugated  in  robust  persons  and  nnder 
of  cold,  but  becomes  loose  and  pendnlons  in  persons  of  weak  i 
and  under  the  relaxing  intlnence  of  heat.     A  superficial  dif 
two  kteral  halves  is  marked  by  a  slight  median  ridge,  named  ths1 
extending  forwards  to  tlie  under  side  of  the  penis,  and  backwafdil 
the  perinEeum  to  the  margin  of  the  anus. 

The  coverings  of  the  cord  and  testis  in  the  Bcrotum  may  he  i 
rated  from  without  inwards  as  follows,  viz.,  the  skin^  miperfkmti 
and  dar^s  imue,  the  intncolumimr  fascia,  the  crfiiumkr 
fama,  and  the  ufffaidilmfiform  fascia ^  which  is  united  to  tiie 
a  layer  of  loose  areolar  tissue ;  lastly,  the  special  serous 
the  testis  named  the  itmitri  trnffinaUa^  which  forms  a  close  x 
one  part  lines  the  scrotum  and  the  other  ck>sely  envelopes  the  I 

1.  The  skill  of  the  scrotum  is  very  thm,  and  is  of  a 
than  elsewhere ;  it  is  generally  thrown  into  rugie  or  foldSi  ^ 
more  or  less  distinct  according  to  the  circumstances  already  ] 
It  is  furnished  with  sebaceous  follicles,  the  secretion  from  wh 
peculiar  odour,  and  it  is  covered  over  with  thinly  seattertnl 
flattened  hairs,  the  bulbs  of  which  may  be  seen  or  felt  through  1 
when  the  scrotum  is  stretched.     The  superficial  blood-vca 
readily  distinguished  through  this  thin  integument. 

2.  Immediately  beneath  ^he  skin  of  the  scrotum  there  is 
layer  of  a  peculiar  lrK>se  reddish-browo  tissue,  endowed  with< 

and  named  the  dartoa  tunic.    This  subcutaneous  layer  is 

with  the  superficial  fascia  of  t.he  groin,  perinseum,  and  inner  side  tf| 
thighSj  but  assumes  a  ditFerent  structure,  and  is  entirely  free  ' 
The  dartoid  tissue,  which  is  more  abundant  on  the  fore  part  of  thei 
than  behind,  fonns  two  distinct  sacs^  for  the  corresponding  teslii^l 
together  along  the  middle  line  so  sa  to  establish  a  nMiaai 
named  the  sej^htm  scroti,  which  is  adherent  below  to  the  degp  m 
the  raphe,  and  reaches  upwards  to  the  root  of  the  penis.    Toe  d^i^l 
very  vascular,  and  owes  its  contractile  properties  to  the  preMOSivl 
considerable  amount  of  unstriped  muscular  tissue  (Kolliker). 

3.  The  inttrcolumn&r  or  spermatic  fascia,  a  very  thio  afidi 
parent  hot  relatively  finu  hiycr,  derived  from  the  tendon  of  the < 
oblique  muscle  of  the  abdomen,  is  attached  above  to  the  margifiicft 
external  ring,  and  is  prolonged  downwards  upon  the  cord  sad  ^ 
It  lies  at  irst  beneath  the  superficial  fascia,  and  lower  doi 
the  dartos,  and  it  is  intimately  oonnected  with  the  layer  neili 

4.  The  cremasteric  layer  is  composed  of  scattered  bmidks  ef  i 
muscular  fibres,  connected  together  into  a  oontinnoos  coTering  bgr  ii 
mediate  areolar  membrane.    The  red  muscular  portion,  whidi  iB  0''' 
tinuous  with  the  lower  border  of  the  internal  obUqtie  miade  of  ^ 
abdomen,  constitutes  the  cremaster  muaci$f  and  the  entins 
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iMterie  fascia.  By  the  action  of  the  cremaster  the  cord  is 
the  testicle  is  raised  towards  the  body. 
mdilnilifbnii  fiuicia,  continuons  above  with  the  fascia 
Lnd  the  subperitoneal  areolar  membrane,  and  situated 
ineath  the  cremasteric  fascia,  invests  the  cord  completely, 
id  below  with  the  posterior  part  of  the  testicle  and  the 
f  its  serous  tunic.  On  forcing  air  beneath  the  infundi- 
,  a  quantity  of  loose  and  delicate  areolar  tissue  is  seen  to 
ep  surface  with  the  vas  deferens  and  spermatic  blood- 
iorm  lamellas  between  them.  This  areolar  tissue  is  con- 
Hrith  the  subserous  areolar  tissue  found  beneath  the  peri- 
anterior  wall  of  the  abdomen  ;  below,  it  is  lost  upon  the 
tide.  Together  with  the  infundibuliform  fascia,  it  forms 
-ia  of  Astley  Cooper. 

',  this  loose  areolar  tissae,  in  front  of  the  npper  end  of  the  cord, 
n  a  fibrons  band,  which  is  connected  above  with  the  pouch  of 
id  <^)po6ite  the  npper  end  of  the  inguinal  canal,  and  which 
8  for  a  Tariable  distance  along  the  spermatic  cord.  OccasionaUy 
sd  as  a  fine  cord,  as  far  as  the  upper  end  of  the  tunica  vaginalis ; 
oe  of  it  can  be  detected.  It  is  the  vestige  of  a  tubular  process 
01,  which  in  the  foetus  connects  the  tunica  vaginalis  with  the 
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flown  into  the  scrotum.  Into  this  pouch,  or  proeesMut  vaginalis 
■tide  projects  from  behind,  supported  by  a  duplicatuxe  of  the 
^  named  the  mesorchium.  Sooner  or  later  after  the  gland  has 
•  MNtom,  the  npper  part  or  neck  of  this  ponoh.  beoomM  oqbl- 
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tzacted  and  finally  obliterated,  from  the  internal  abdominal  rinf  dowii 
the  testicle,  leaving  no  trace  but  the  indistinct  fibrona  cord  almdr  i 
while  the  lower  part  remains  as  a  closed  serous  sac  sazEOunding  the  i 
which  is  thence  named  the  tunica  vaginalis. 

In  the  female  foetns  an  analogous  pouch  of  peritoneum  defloendi  Ivif 
distance  along  the  round  ligamemt  of  the  uterus,  and  has  recdvad  tk^ 
tion  of  the  ca  nal  qf  Nuck,    Of  this  traces  may  almost  always  be  aeenhd 

The  neck  of  the  processus  vaginalis  sometimes  becomes  closed  at  i 
leaving  a  series  of  sacculi  along  the  front  of  the  cord  ;  or  a  loo;  i 
continue  open  at  the  upper  end,  leading  from  the  al>dominal  cari^i 
inguinal  canoL    In  other  instances,  the  peritoneal  process  rei 
pernous,  and  the  cavity  of  the  tunica  vaginalis  is  thus  made 
that  of  the  peritoneum.     In  such  a  case  of  congenital  defect,  a  \ 
intestine  or  omentum  may  descend  from  the  abdomen  into  the  ingiU^ 
and  scrotum,  and  constitute  what  is  named  a  congenital  hernia.    latff,! 
both  testes  may  remain  permanently  within  the  abdomen,  or  their  den*^ 
be  delayed  till  after  puberty,  when  it  may  occasion  scrioos  distnitaaee. 
tion  of  the  testes  in  the  abdomen  (cryptorchismus)  is,  in  many  J 
accompaniment  of    arrested  development  of  the   glandular  BtnictiiR;if 
however,  a  peculiarity  which  may  be  present  without  impotence. 

In  a  few  mammals,  as  the  elephant,  the  testes  remain  permanently  \ 
abdomen ;  in  a  much  laig'er  number,  as  the  rodentia,  they  only  desood  tti 
period  of  rut.  The  complete  closure  of  the  tunica  vaginalis  is  peenHv til 
and  may  be  considered  as  connected  with  his  adaptation  to  the  erect  \ 


6.  The  tunica  yaginalis. — This  tunic  forms  a  shut  sac,  of 
opposite  free  surfaces  are  iu  contact  with  each  other.  Like  tbe 
membranes  in  general,  of  which  it  presents  one  of  the  simpleik 
it  may  be  described  as  consisting  of  a  visceral  and  a  parietal  ] 
Tlie  visceral  portion,  iiinica  vaginalis  testis,  closely  invests  the 
part  of  the  body  of  the  testis,  as  well  as  the  epididymis,  betwon 
))arts  it  is  depressed  in  the  form  of  a  pouch  (digital  fossa),  ml 
their  contiguous  surfaces,  and  it  adheres  intimately  to  the  proper " 
tunic  of  the  gland.  Along  the  posterior  border  of  the  gland,  wit 
vessels  and  ducts  enter  or  pass  out,  the  serous  coat,  having  i«i 
fleeted,  is  wanting.  This  portion  of  the  serous  covering  freqnertlf f 
sents  villous  prolongations  on  the  borders  of  the  epididymis  and  % 
end  of  the  testis  ;  these  processes,  sometimes  of  considerable  leogtkj 
covered  in  some  places  with  cylindrical,  in  others  with  lajeff  rf' 
epithelium. 

The  parietal  or  scrotal  portion  of  the  tunica  vaginalis  is  moze  exiiaan^ 
that  which  covers  the  body  of  the  testis  ;  it  reaches  upwazds,  sometmeiti' 
considerable  distance,  upon  the  spermatic  cord,  extending  somewhat  luii^ 
the  inner  than  on  the  outer  side.  It  also  reaches  downwards  below  tl»  li*^ 
which,  therefore,  appears  to  be  suspended  at  the  back  of  the  eezoos  ■f'^ 
this  latter  is  distended  with  fluid ;  a  fold,  or  so-called  ligament  beof  * 
projecting  at  the  lower  end  of  the  epididymis  (fig.  691, y). 

Vessels  and  nerves  of  the  scrotum  and  spermatic  cord. — Theaitci^^ 
derived  from  8cvci*al  sources.  Thus,  the  two  external  pudic  arteries,  hwi^* 
the  femoral,  reach  the  front  and  sides  of  the  scrotum,  supplying  the  in^^^ 
and  dartos  ;  the  superficial  perineal  branch  of  the  internal  pudic  arteiy » * 
tributcd  to  the  back  part  of  the  scrotum  ;  and,  lastly,  more  deeply  seawd  af 
cither  of  these  is  a  branch  given  from  the  epigastric  arteiy,  named  cn^i^^ 
which  is  chiefly  distributed  to  the  cremaster  muscle,  but  also  snrplJ**  ^ 
branches  to  the  other  coverings  of  the  cord,  and  by  its  ultimate  dinaosu  tfjj 
moses  with  the  other  vessels.  The  artery  of  the  ras  deferent,  a  tonf  "^ 
vessel  derived  from  the  superior  vesical,  accompanies  tlie  tube  in  i»  *■* 
length,   T\i«  -yeVixA  ^kCicoTSi'^Qaii  ^<^  «s\»^sdu    The  veins  of  the  ccrd  fc^  ^ 
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r  pampiniform  plexus  elsewhere  described.  The  lymphatics  pass 
o^ial  lymphatic  glands. 

«•  also  proceed  from  varions  sonroes.  Thus,  the  ilio^ingiiinal^  a 
le  Inmbar  plezns  issuing  by  the  external  abdominal  ring,  supplies  the 
I  of  the  scrotum  ;  this  nerve  is  joined  also  by  a  filament  from  the 
Iric  branch  of  the  same  plexus  :  sometimes  two  separate  cutaneous 
forward  through  the  external  ring.  The  two  superficial  perineal 
the  internal  pudic  nerve  accompany  the  artery  of  the  same  name 
the  inferior  and  posterior  parts  of  the  scrotum.  The  inferior 
bfBnch  of  the  small  sciatic  nerve,  joins  with  the  perineal  nerves,  and 
I  distributed  to  the  sides  and  fore  part  of  the  scrotum.  Lastly,  the 
mnth  of  the  genito-crural  nerve  reaching  the  spermatic  cord  at  the 
ominal  ring,  passes  with  it  through  the  ingfuinal  canal,  and  supplies 
the  cremaster  muscle,  besides  sending  a  few  filaments  to  the  other 
igs  of  the  cord  and  testicle. 

THE    TESTICIiES. 

\Mh  or  principal  reprodactivc  glands  (Jii^fio^,  opxts)^  are  sns- 
iqaely  in  the  scrotum  by  means  of  the  cord  and  membranes 
cribed  ;  they  are  usually  placed  at  unequal  heights,  that  of 
J  being  lower  than  the  other.    They  are  of  an  ovoid  form,  but 

Y  compressed  laterally,  so  that  they  have  two  somewhat 
des  or  faces,  an  upper  and  a  lower  end,  an  anterior  and  a 
order.  They  are  about  an  inch  and  a  half  long,  an  inch  and 
ride  from  back  to  front,  and  nearly  an  inch  thick  from  side  to 
weight  of  each  varies  from  three-quarters  of  an  ounce  to  an 
left  being  often  a  little  the  larger  of  the  two. 

t  and  sides  of  the  testis,  together  with  the  upper  and  the 
are  free,  smooth,  and  closely  invested  by  the  tunica  vaginalis. 
ior  border  is  attached  to  the  spermatic  cord,  and  it  is  here 
Bsels  and  nerves  enter  or  pass  out.  When  the  testis  is  sus- 
its  usual  position,  its  upper  end  is  directed  obliquely  forwards 
rds,  as  well  as  upwanls,  whilst  the  lower,  which  is  rather 
I  the  opposite  direction.  It  follows  from  this  that  the  pos- 
tached  border  is  turned  upwards  and  inwards,  and  the  outer 
ce  slightly  backwards. 

^BAirSVIBSE     SBCTIOX      THROUOH      THK 
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re  tissue  enveloping  the  parietal  lajer 
raginalis ;  6,  this  layer  itself  ;  c,  cavity 
nginalis  ;  </,  reflected  or  visceral  layer 
,  the  tunica  albnginea  ;  f  covering  of 
)  on  the  right  or  outer  side  ;  h,  medias- 
t,  branches  of  the  spermatic  artery ; 
rein  ;  /,  vas  deferens  ;  m,  small  artery 
lerens;  n,  o,  septa  or  processes  from 
am  to  the  surface. 

[  to  the  posterior  border  of  the 

resting  also  on   the  neigh- 

ntion  of  its  outer  face,  is  a 

V  body,  the  epididijmisy  which 

of  iJae  excretory  apparatus  of  the  testicle,  and  is  prin- 
ipofled  of  the  convoktions  of   a  long  tortuoTia  c«a«I  ot 
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efferent  duct,  to  be  presently  described.  Its  upper  aJan 
siderabljr  larger  than  the  lower,  projects  forwards  on  the  ap| 
the  testis,  and  is  named  the  head  or  globus  major  (fig.  591,  e); 
which  is  more  pointed,  is  termed  the  tail  or  globus  minor  (i) ; 
intervening  i)ortion  is  named  the  bodg.  The  convex  surf 
epididymis  and  the  thin  anterior  border  are  free,  and  core 
tunica  vaginalis.  The  concave  surface,  or  that  directed  t 
testis,  except  at  the  upper  and  lower  ends,  is  also  free,  and  i 
the  same  tunic,  which  here  forms  the  digital  pouch  between  t 
mis  and  the  outer  face  of  the  testicle,  and  nearly  surrounds  tl 
mis,  except  alonj;  its  posterior  border,  which  is  united  to  th 
a  duplicature  of  the  serous  membrane,  containing  numeronsU 
At  its  upjver  and  lower  extremity,  the  epididymis  is  attac 
testis  by  fibrous  tissue  and  a  reflection  of  the  tunica  vag^nalii 
major  also  by  the  efferent  ducts  of  the  testis. 

At  the  bcack  of  the  testis  and  epididymis,  beneath  the  fas 
opposite  the  lower  two-thirds  of  tne  testis,  is  a  considerabk 
unstriped  muscular  tissue,  the  inner  muscular  tunic  of  KoUik 

On  the  front  of  the  globus  major,  somewhat  to  the  outer  si 
usually  found  one  or  more  small  pedunculated  bodies  w 
extension  of  the  tunica  vaginalis  and  formed  mainly  by  oonn 
and  blood-vessels.  These  are  the  hydatids  of  Morgagni,  Tl 
monly  regarded  as  the  remains  of  the  foetal  structure  ten 
duct.  One  of  them  of  a  more  regularly  pyrifbrm  shapi 
constant  than  the  rest,  lies  closely  between  the  head  of  tb 
and  the  testis. 

This  has  been  thought,  but  as  it  would  appear  on  Insofflcient  e 
the  homologue  of  the  ovazy  in  the  male  sex  (Fleisohl,  Eimose). 
cUiated.  and  a  canal  lined  by  ciliated  epitheliam  and  opening  into 
the  tunica  vaginalis  is  sometimes  contained  within  it. 

Structure  of  the  Testis. — The  testis  is  enclosed  in  a  iti 
the  tnnica  albnginaa.  This  is  a  dense  unyielding  fibrooi 
of  a  white  colour,  and  of  considerable  thickness,  which  immedi 
the  soft  substance  of  the  testis,  and  preserves  the  form  of  tb 

Fig.  593. — Plav  of  a  vBRncAL  sionoi  or 

HHOWIVa   THE  ARKAHOBXEIT  OV  TBM 

The  true  length  and  diameter  of  the  dndi 
regarded,  a,  a,  taboU  seminifeii  coiled  iqp 
lobes  ;  5,  vasa  recta  ;  c,  rete  yascnlosam  ;  (^ 
ending  in  the  coni  vascalou  ;  2,  e,  <7,  cooyc 
the  epididymis ;  A,  Tas  deferens  ;  /,  sectM 
part  of  the  tunica  albuginea ;  t,  t.  fibrooi 
nlng  between  the  lobes  ;  /  to  9,  mediastinuB 

is  composed  of  bundles  of  fibrous  t 
interlace  in  every  direction.  The  out 
covered  by  the  tunica  vaginalis,  c 
the  posterior  border  of  the  testis, 
spennatic  vessels  pass  through  and 
tremities  of  the  epididymis  are  attac 
In  the  interior,  the  fibrous  tii 
tunica  albxxv^m^Sb  \&  \itQ>\QTL^<id.  from  the  posterior  border  for  ; 
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"ertical  septum,  known  as  the  corpus  Highmori,  and  named  by 
Cooper  mediasiinum  testis.  It  extends  from  the  npper  nearly 
lower  end  of  the  gland,  and  it  is  wider  above  than  below.  The 
■oe  of  which  it  is  composed  is  traversed  by  a  network  of  seminal 
and  by  the  larger  blood-vessels  of  the  gland,  which  are  lodged 
mek  formed  in  the  fibrous  tissue. 

a  the  fix>nt  and  sides  of  the  corpus  Highmori  numerous  slender 
oords  and  imperfect  septa  of  connective  tissue  arc  given  off  in 
Bg  directions,  and  are  attached  by  their  outer  ends  to  the  internal 
I  of  the  tunica  albuginea  at  different  points,  thus  incompletely 
ig  the  glandular  substance  into  lobules.  According  to  Kolliker, 
maficnliu:  fibres  are  prolonged  upon  these  septula.  The  whole 
J  surface  of  the  tunica  albuginea  is  covered  by  a  multitude  of  fine 
Tenels,  which  are  branches  of  the  spermatic  artery  and  veins,  and 
Id  together  by  a  delicate  areolar  web.  Similar  delicate  ramifi- 
i  of  vessels  are  seen  on  the  various  fibrous  offsets  of  the  medi- 
n,  upon  which  the  blood-vessels  are  thus  supported  in  the  interior 
^land.  This  vascular  network,  together  with  its  connecting 
tiflsae,  constitutes  the  tunica  vasculosa  of  Astley  Cooper. 
^andnlar  substance  of  the  testis  which  is  included  m  the  fibrous 
rork  formed  by  the  albuginea,  the  mediastinum  and  the  trabeculse 
\m  of  convoluted  tubules  known  as  the  tulmli  semimfari  whidi 
neiwhat  loosely  connected  together  by  areolar  tissue  into  the  lobes 
lies  above  mentioned.  Of  these  lob^  there  are  some  800  or  400 
le) ;  they  are  of  unequal  size,  the  middle  ones  being  the  larger  ; 
B  impenectly  separated  fix>m  one  another,  the  septa  beinff  in- 
to. In  each  lobe  are  two,  three  or  more  seminiferous  tmbules 
conToluted,  and  here  and  there  branched,  especially  at  their 
r  or  distal  extremity  where,  in  a  cortical  zone  near  the  albuginea, 
reqaently  communicate  laterally  with  one  another.  It  is  not 
t  to  unravel  the  tubules  for  some  distance,  for  their  walls  are 
itdy  strong,  and  their  diameter  (rirFth  to  xivth  of  an  inch)  large 
led  with  those  of  other  tubular  glands,  such  as  the  kidney.  Their 
18  estimated  to  be  on  an  average  rather  greater  than  two  feet, 
leir  number  between  800  and  900  (Lauth).  They  have  a 
{ contour,  but  this  is  interrupted  at  intervals  by  small  bulgings, 
■ze  more  numerous  near  the  commencement  of  a  tubule  than  near 
Qination.  The  walls  of  the  seminiferous  tubules  are  composed  of 
layers  of  flattened  cells.  Of  these  only  the  innermost  layer  is 
toy  being  formed  of  epithelioid  cells  closely  united  edge  to  edge  into 
Dent  membrane.  This  is  strengthened  by  the  other  layers,  which, 
sr,  exhibit  intervals  between  the  flattened  cells  which  compose 
these  intervals  becoming  very  marked  in  the  outermost  layers, 
itequence  of  their  being  thus  formed  of  several  layers,  the  walls 
I  tabnles   have  a  concentrically  striated  appearance  in  cross- 

tnbules  are  occupied  by  an  epithelium  which  consists  of  several 
ar  layers  of  cells,  amongst  which  the  seminal  filaments  or 
toeoa  maybe  obsored  in  different  stages  of  development  (fig. 
In  different  tubules  of  the  same  testis  and  even  in  parts  of  the 
nbnle  the  condition  of  development  of  the  spermatozoa  may  be 
arions,  and  the  epithelium  presents  corresponding  differences 
L  the  number  of  its  layers  and  the  appearance  of  the  cells. 
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In  all  cftBos,  however,  there  is  a  complete  or  tolerably  regular 
cubical  or  somewhat  flattened  cells  which  iraraediately  lineB  Uii  ll 
membrane.  A  few  of  these  oufer  or  Utiing  celh  n&ns^j  preMnfc 
tions  of  proliferation,  the  nucleus  being  in  one  of  the  phaflesohiai 
of  division,  and  here  and  thi^rc  one  of  these  cells  may  project ' 
those  of  the  next  hiycr. 

Within  this  stratum,  in  those  parts  where  the  formation  of  ^tt 
has  progressed  to  its  fnlkst  extent  (fig,  594,  c),  we  come  AGm^ 
gukr  layer  of  large  clear  rounded  cells,  many  of  which  fixjm  tbo  wfl^ 
of  their  nuclei  are  undergoing  proliferation.    They  may  be  U| 


Fig.  &»i. 


Fig.  hn. 

or  TRiun  I 

BCTLKS  or  TBI  i| 

from  »  prtyyiii( 
A.  FnMir]L    1^ 

a,  with  Um  j| 
least  ft<lr»iie«l  ig 
meni  ;  ft,  met*  ii| 


urt  MBi 

tMsrsMdlKi^  or 

Imbly  give  origii 
cells  of  the  4 
innemiont  or  I 
ilny^T  which  eoi 
a  number  of  I 
gianubir  iUh 
wtiich  appear  blended  with  one  another  into  an  almost 
Their  nuclei  are  small  and  fuint,  staining  only  slightly  with 
and  do  not  sliow  evidence  of  undergoing  prolifemtion : 
lumen  of  the  tubule  they  become  yery  faintly  outlined.  Imb 
the  innermost  part  of  this  layer  are  the  heada  of  the 
whilst  their  tails  project  into  and  occupy  the  Imnen  of  the 'tab 
rally  beiug  bent  down  and  eitending  for  a  short 
course. 


tU  feVMlij 


It  appears  probable  that  the  spermatoiioa  are  set  free  by  tb* 
mto  an  albumin otis  fluid  of   the  protoplasmic  Injcr  in  whidl 
imbedded.       In   those    (iiirt«   of    the   seroimforoas   tubnli 
Bpemmtozoa  are  free  they  jire  accompanied  bj  noclei  and  fwwlfet^  il' 
fuhstance,  derived  in  all  probabUity  from  the  cells  of  tlijs  li^|«,lii 
protoplasm   of    which  may   be  supjKt^ed    to   serre   for  thi  "* 

Bpennatoeoa* 


In  other  tubules,  from  wbieh  the  spermatozoa  haTC 

charged,  the  innennost  layer  is  almost  or  entirely  abseiil 
liferatitig  i-clls  are  two,  three,  or  more  rows  deep.    Tb© 
fresh  fifermatoxoa  api>ears  to  take  place  from  some  of  tbcttoelliil 
of  daijtrhi^T-cella  being  formed  by  their  proiiferatioii, and  fldl M 
cell  giving  nee  W  a  &^tu^aJun^\i  <^.  594,  a). 
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certain  whether  the  lining-oells  may  not  also  produce  spermatozoa ;  in- 
icding  to  some  anthoritics,  thej  alone  are  concerned  in  the  process  (see 
Since,  however,  in  anj  case  the  lining  cells  by  their  proliferation  hare 
driven  rise  to  the  cells  of  the  next  layer,  and  probably  continue  to  do  so 
^  the  difference  of  opinion  is  not  of  so  great  importance  as  it  at  first 
f  lecm. 

udei  of  the  cells  which  are  concerned  in  the  pro'luction  of  the 
M»  (spermatoblasts)  undergo  division  by  the  ordinary  process  of 
lis  (see  pp.  11  to  16)  into  two,  four,  or  even  more  daughter-nuclei,  which 
MiBte  from  one  another  at  once,  each  with  a  proportionate  amount 
oloplasm  of  the  mother-cell,  or  remain  for  a  time  enclosed  within  the 
IL  From  the  daughter-nuclei  the  heads  of  the  spermatozoa  are  deve- 
Qe  the  tails  are  formed  from  the  enclosing  protoplasm,  but  the  exact 
Gonnation  will  be  described  after  their  structure  has  been  treated  of. 
(onaequence  of  their  development  from  a  number  of  daughter-cells 
from  the  proliferation  of  a  mother-cell  that  the  arrangement  into 
determined. 

I  meantime  the  groups  become  more  separated  from  one  another 
iccamolation  between  them  of  cells  of  the  third  or  nutritive 
liich  appear  also  to  be  produced  hj  the  proliferation  of  some 
itennediate  cells.  This  is  accompanied  by  a  gradual  shifting  of 
pB  of  spermatozoa  towards  the  lumen,  but  for  some  time  many 

remain  with  the  heads  buried  in  the  outermost  part  of  the 
I  layer  and  even  between  the  cells  of  the  interm^iate  layer 
p  b),    Eventnallyy  however,  they  become  entirely  accumulated 

lomen,  where  they  are  more  closely  packed  and  the  arrange- 
bo  groups  becomes  in  a  hirge  measure  obscured  (fig.  594,  /*). 
ifferent  conditions  of  the  epithelium  of  the  tubules  can  often 
Berred  in  sections  of  adjacent  tubules. 

ire  aooount  of  the  appearances  presented  by  the  contents  of  the  semini- 
bdes,  which  is  the  result  of  a  renewed  investigation  of  the  subject,* 
•ome  respects  from  that  of  preceding  writers.  According  to  soma 
lU  the  cells  within  the  lining  layer  are  spermatoblasts,  the  distinction 
OiMe  and  cells  which  simply  serve  for  their  support  and  nutrition  not 
ognued.  According  to  most  other  authors,  it  is  only  the  cells  of  the 
fg  which  give  rise  to  spermatozoa  ;  some  of  these  cells  (spermatoblasts 
)  growing  towards  the  lumen  between  the  ceUs  of  the  inner  layers  as 

ooiumns  terminating  in  enlarged  extremities.  Within  the  latter  the 
dtiply,  and  form  daughter-nuclei,  and  from  these  and  the  protoplasm 
ng  them  the  spermatozoa  are  developed,  and  are  thus  at  first  grouped 
Kk  the  extremity  of  the  elongated  columns.  The  ceUs  between  serve 
r  rapport  and  nutrition.  As  has  already  been  stated,  this  view  is  not 
f  different  from  the  one  adopted  in  the  text ;  differing  chiefly  from 
i>«MiaTiy  upon  the  permanent  connection  of  the  spermatoblasts  with  the 
itfaclinm. 

liflen  from  most  authors  in  describing  the  spermatozoa  as  becoming  de- 
rom  completely  separated  daughter-cells  (fig.  595,  A,  b),  and  as  poasess- 
nfe  no  grouped  arrangement,  this  being  subsequently  acquired  (fig. 
mt  in  what  manner  is  not  explained.  As  to  this  view  it  may  be  re- 
liat  there  is  no  doubt  the  grouping  appears  more  distinct  in  intermediate 
development  (as  in  fig.  594,  b)  than  in  the  earliest  stages ;  but  that  this 
be  owing  to  the  accumulation  of  nutritive  cells  between  groups  of 

oeUs,  which  are  already  existent,  but  which  are  at  first  so  nearly  in 
I  that  the  eye  fails  to  distinguish  clearly  the  intervals  between  the  groups. 

•  been  much  assisted  in  coming  to  a  conclusion  upon  this  question  ly  tht 
m  ot  specimens  which  were  placed  at  my  disposal  by  Mr.  A.  Fraicr,  M.  B.» 
liar  of  Anatomy  in  Owens  College.  (B.  A.*S.) 


Fig,  595.— Stages  ih  the  ukteiopmeitt  or  Tif«  srewtXTOioi 

m,  mcmbnitia  iiroprk ;  f/,  epithelium  ;  e,  i&mlnft  at  oonai 
daaghter  ceLLs  in  different  at«£«a  of  developuieiit  into  spermatovHi 
tOEoa  in  grmaps. 

Interstitial  tissue,  lympliatics,  and  blood- 

whicli  Cijmiects  the  Bt'oiiniferuus  tubnles  is  in  some 
c«jiiBistB  of  fine  fasciculi  and  laminae  of  areolar  tissue^ 
1  )y  and  part  1  j  composed  of  fl at tened  cpi tbel ioid  cells*   ] 
and  faJM-'iculi  are  large  cleft -like  spaces,  containing 
everywhere  enclosiiig  the  basement  membrane  of  th( 
epaces  are  injeeted  by  the  pimcture-metho^l^  the  \n 
away  by  the  lymphatics  of  the  spermatic  cord.     It  it 
between  the  incomplete  otiter  layers  of  the  basejjaeiH 
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cannot  be  tlistingnishcd  fi-om  the  otiier  cells  uf  the 
f  iiilertubnlar  connectiTe  tissue.  Similar  cells  ai-e  met  with  in 
I  of  the  oTarj, 

lillaries  form  a  close  network  over  the  walk  of  the  seiuini- 
ules. 

of  the  testis. — As  the  convoluted  tnhnli  semiiiiferi  approach 
;tinuni  testis  they  utiitCj  as  before  said,  with  one  another  at 
es  into  a  smaller  number  of  tubes  which  have  a  less  Jiexuoui» 
d  at  length  beeomc  nearly  strai^bt.  Close  to  the  mediastinuoi 
into  short,  straight  tubes  (tttbuli  r^ctijv  of  smaller  diameter 

than  the  seminiferous 
^S-  ^9<^  tulx^s,   and    diffenn*^ 

from  them  in  the 
t'barjicter  of  their  epi- 
tbdiimi  (ti*,^  i>lM>). 
This,  in  tbe  straight 
tubiilL'8.  is  a  single 
layer  of  fiatttmed  or 
cubiciil  crells  continii- 
oua  with  the  outer  or 

Fig.  597. 


I  As>;*At*iBi  I' 


or  THEHR  l»TO  TUB  BETE   TESTIS  iMiluilkOTi(»).  ^  *,^U 

tutulca;  6|  fibroua  rtroma  coDtiimcd  fwm  the  nMjdiartmom  t«»tir, 

&7.— D^crs  or  the  testicle  hubtted  with  x«bcdiit  (fi^ro  Haller). 
f  the  testicle  ;  b,  tubuli  in  the  interior  of  the  glaml ;  e,  wte  ^^^^/^ 
,ti*   tcrmitiatiog   in  the  cx>ui    Yasculosi  ;  t.  /,   <,,    convolut^c     e«ud  of  tHe 
K  vto  deferctu!  ascending  from  the  globua  minor  of  the  epididymis. 

.6  of  the  seminif^M^ous  tubes.    The  basement  membrane  is  alaa 
on  to  the  straight  tubules.  ,  ,       i_.  i    r       •     ' 

-aight  tubules  open  into  a  network  of  ve^ls  which  heBvu 
*iice  of  the  mediastinum,  and  was  named  by  HaUer,  «,t^ 
bn  testis  (ti^^  ;.1>(I,  r).  The  tubes  conipjsmg  the  rete  hav^ 
PTaU^,  hut  aiv  mvrel/  cbmiieJs  in  the  fibroua  stiw  \xwA 


X  ^  *^         ■■ 
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flatt^neti  epitheliiim.  Their  diameter  18  greater  than  that  of  tJ 
TL-ctl  The  secretion  from  the  testis  is  accumulated  intbenit 
condiictcd  to  the  upper  and  hack  part  of  the  testis,  whence  i 
vejed  away  hy  the  effereat  tubules,  or  Tajm  efferentuL  T 
from  twelve  to  fifteen,  or  sometimes  twenty  in  nunilxr  :  tkj 
the  tunica  albua:inea  beneath  the  globus  major  of  the  epdi 
whifli  they  may  be  said  to  form  a  part,  and  in  the  contoliteJ 
which  they  ultimately  terminate.  On  emcrjs^iiig  from  tbe  tei 
vasa  eifercntia  are  straight,  bufc»  l>ecoming  more  and  more 
they  proceed  towards  the  epididymis,  they  fonn  a  series  of  smi 
masses^  the  bases  of  which  are  turned  in  the  game  direction, asd 
named  etmi  rascnkm  (fig.  598,/).  They  are  about  ^\h  of  ai 
diameter.  The  largest  of  tbe  cones  is  about  two-thirds  ^M"  "  ■ 
and  when  unrolled,  each  ;s  found  to  consist  of  a  single  coil' 
from  six  to  eight  inches  in  length,  and  the  diameter  of  ^iina 
decreai^ts  from  tbe  testis  to  the  epididymis  (Buschke  i.  Upj 
globus  major  these  separate  efferent  vessels  open,  at  intenraU 
the  unravelled  tube,  are  found  to  he  about  three  inches  iniei 
a  sint^^le  canal  or  duet,  the  inten^ening  and  subsequent  couto! 
which  constitute  the  epididymis  itself. 

Tiie  canal  of   tEe   epfdidymui  (fi^.   598,  ff)  is  dtspoitt 
numerous  coiLs  and  extends  from  the  globus  major  downwu 
globus  minor  or  tail,  where,  tEruitig  upwards,  it  is  conttnoad 
t^aa  dtferms.     When   its   comphcatca  flexuosities   are  umti 
fotmd  to  be  twenty  feet  and  upwards  in  length.     The  smaU 

Fig.  5D8.— Ikjicub 
Dwimn,  AKO  Til 
(fiDoi  K6lUk«r 

a,  body  of  tbt  H 
bulei ;  c,  ^ram  f«cli; 
colomro  ;  «,  ram  4 
coni  vftscultivi ;  ^,  tfi 

branches  of  Uie 
]ia0«iii^  it}  tbe 
djDiis  ;    n«  n 
leslk  ;   o«  arteiT  of 
Icrcns ;  |»»  its 
of  the  B|>cni»tie 


ings  are  mp[ 
together  by  fine 

gue;but,be8idfl6i 
ons  incomi 
fibrous 

posed  between 
of  the  coils,  vll 
been  named  the  4 
epididymis.  TW 
the  epididymis 
commencenieat.  i 
of  an  inch  in  dijj 
diminishing  as  il 
towards  U\Q  ^^\^u%  mii'OT  ^iXSa  ^sio^xi^  -^^  ^l  ^sa.  wh^  af  ttr  irhic 
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size,  and  becomes  less  deepl jconTolutc J  as  it  ap|Troficliea  the  Tas 
[ts  coats,  which  are  at  first  thiB,  become  tliicker  in  its  prof^ese. 
^Tasa  efferentia  and  the  tube  of  the  epididjinis  are  provided  with 
sidera)>le  amoimt  of  plain  muscular  fibres  in  their  \^all.  The 
lial  lining  eolla  arc  colnmuar  or  prismatic  in  form  and  are  ciliated, 
\m  being  long,  and  causiD^  by  their  movement  a  cniTent  in  the 
vd  direction.  In  the  epididymis  the  cells  arc  greatlv  eI(jn;L,Mted,  in 
Ma  efTereotiu  they  arc  shorter  ;  in  the  lower  part  of  the  epididjrmii 
lia  disappear.  Between  the  fixed  ends  of  the  colnmnar  eellu  other 
KT  cells  are  met  with. 

B  va«  deferens  (fif^.  5 J) 8,  h),  or  excretory  dnct  of  the  testis,  forms 
*atinu:itioii  upuanli  of  the  convohited  canal  of  the  epididymis.  It 
Ifioceaat  the  lower  end  of  the  epididymis,  and,  at  first  rather  tortuous 
Aerwards  becorain<c  straight,  it  ascends  npon  the  inner  s*ide  of  the 
|(fmis^  and  alon^  the  back  of  the  testicle,  separated  from  both, 
rer,  by  the  blood -^'csscls  passing  to  and  from  the  gland.  Con- 
Ig  then  to  ascend  in  tlie  Bpcrmatic  cord,  the  ras  deferens  acoom- 
i  the  spermatic  artery,  veina  and  nerves,  as  far  as  the  internal 
Binal  rin<^.  B'twcen  the  testicle  and  the  external  ring-  its  course  is 
f  Tertical ;  it  lies  behind  tbe  spermatic  vessels,  and  is  readily  dis- 
bhed  by  its  hard  cord-hke  feel.  It  then  passes  obtiqnely  upwards 
intwanls  alonj^  the  inguinal  canal,  and  reaching  the  inner  border  of 
iternal  abdominal  ring,  it  leaTes  the  spermatic  vessels  {winch  extend 
J  lumbar  region  )^  and  turns  suddenly  downwanls  and  inwards  into 
elvi8,  crossing  over  the  external  iliac  vessels,  and  turning  round  the 
or  Iliac  side  of  the  epigastric  artery.  Ennning  beneath  the  peri- 
12a,  it  reaches  the  side  of  the  bladder  (fig,  577,  *),  upon  which  it 
lidiy  curving  backwards  and  downwards  to  the  hinder  surface  of 
feiBcns,  and  finally  passes  forwards  to  the  base  of  tlie  prostate  gland. 
I  course  withiji  the  pelvis,  it  crosses  over  the  cord  of  the  obliterated 
gastric  artery,  and  lies  to  the  inner  side  of  the  ureter.  Beyond  this 
r,  where  it  ceases  to  be  covered  by  the  ptTttoneum,  it  is  attached  to 
scats  of  the  bladder,  in  contact  i^itn  the  rectum,  and  gradually 
Mching  its  fellow  of  the  opposite  side.  Upon  the  base  of  the 
Icr,  the  Vfliia  deferentia  are  situated  between  two  elongated 
tecles,  named  the  eeminal  vesicles  (fig.  600)  ;  and,  clfise  to  the  base 
9  prostate,  each  vas  deferens  ends  by  joining  ivitli  the  dnct  frc^m 
DrraqKmdiug  seminal  vesicle  on  its  outer  side  to  form  one  of  the 
cm  Bcmmal  or  ejaculatory  ducts  (fig,  590,  14), 
^  Tas  deferens  measures  nearly  two  feet  in  length.  In  tlie  greater 
f  its  eitent  it  is  cylindrical  or  slightly  compressed,  and  has  aa 
?e  diameter  of  about  one-tenth  of  an  inch  ;  but  towards  its  teraiina- 
►eneath  the  bladder,  it  becomes  enlarged  and  sacculated,  forming 
Apulia  of  Ilcnle,  and  i-eserabling  in  sha|)e  and  Btructure  a  part  of 
Diinal  vesicle.  Previously  to  its  junction  with  the  dnct  of  that 
5>  it  again  l>ecomes  narrowed  into  a  smaller  and  straight  cylindrical 
The  walls  of  the  vas  deferens  are  very  dense  and  strong,  and  feel 

0  the  touch,  owing  to  the  large  proportion  their  thickness  bears  to 

1  Her  cavity  of  the  tube,  which  is  scarcely  more  than  one-sixth  of 
liole  diameter.     In  the  sacculated  portion  the  passage  is  much 

and  the  walls  are  thinner  in  proportion.  Small  simple  and 
tied  tubular  glands,  similar  to  t!iose  of  the  vesicular  seminales,  beset 
ticous  membrane  of  this  portion  of  the  duct  (^lienle). 
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Besides  an  external  areolar  investment,  and  an  micnial 
l>raiKs  the  vas  ilefereiis  ig  provided  with  an  intermedi 
tuni€,  of  a  lieej)  yellowish  colour.  This  cotit  consists 
jilain  fibres,  an  tuitt^r  of  lonfjitntlinal  and  an  inner  of  cimulif 
591>,  (/,  e).  In  addition,  near  tlic  eommencemeut  of  Lht*  tubfi 
ternal  longitudinal  Btratom,  extremiily  thin,  and  cunstitntnij 
than  f.th  of  the  muscular  coat  (fig.  aUt),  f). 

The  lining  membrane  exlnbits  on  its  surface  three  or  four  ta 
ridgesp  and,  besides  tliis,  in  tlm  sncenlated  poniim  of  the  drjct,i 
by  numerous  tiner  nifroe  whieh  enelosc  inx^^oilar  i>olyhedr^li 
sembling  in  this  alveolar  elianicter  the  linintr  niembnineof  lii 
vesicles.  The  epitlieliuni  is  of  the  cokomiar  kind,  aad  nol 
As  in  the  epididymis  there  is  a  deej»er  layer  of  small  cells  \d 
columnar  cells. 

KLj.  5U9,  Fig*  509.— awTioir  ixM 

JtlKOKMlXT  Of  Tltl  ti 

(Klein). 

Of  epitheliaoi;  f\  fli 

brane  ;   r,  r^  <r,  iwier,  J 

outer  layers  of  the  wH 

/,  bundles  of  t}i«  iuteii 

t\  Muscles;  ^r,  section  of  it 

Vas  aberrant.— HI 
applied  by  HaUer toil 
tube,  or  diTerticulum  ( 
discovered  by  him,  uA 
variably  met  with,  irfai 
from  the  lower  part  d 
of  tho  epidjdyDiis.or^ 
menoenifni  of 
and,  becoming 
voluted,  ia  rolled 
gated  mas»  whidi 
for  an  inch  or 
Teasels  of  the 
the  tube  ends 
mity.  Its  leni 
ravelled,  range* 
to  twelve  or  foiirteeaL 
it»  width  increaiM 
blind  extremity.  Sci 
diverticulnm  is  brtj 
oocasiODally  there  tai 
such  aberrant  ducts.  ltd  frtrnotme  appears  to  be  similar  to  that 
deferens*  Its  origfin  is  probably  connected  with  tbe  Wolffian  daet< 
bnt  the  exact  mode  of  ita  fonnation  and  it»  office  are  unknown,  L 
that  occasionally  it  does  not  communicate  with  the  canal  of  ihit  9§ 
appears  to  be  a  simple  serous  cyst, 

lioth  has  det^cribed  other  t?raall  blind  vasa  aberrantia  lying 
and  connected  with  the  rete  tefrti-^. 

Org-an  of  Glrald^s. — Tlic  small  body  thna  named  is  situal 
the  cord  immediately  above  the  caput  epididymia  (?ee  fig.  r>l»L  ^ 
tipimlly  of  Beveral  email  irregular  ma^^aes  containing  ounvolutcd  lul 
coluumar  ciliated  epithelium,  and  is  fcarccly  to  be  recognised 
ing  connective  ti^^ue  hati  been  rendered  tramqjarent  by  F^-agenl 
rectiWed  t\\ii  tiuiuG  ol  j-rarcji^itLViX^iftwi*   l^atM^bultis  appear  to  be  vi 
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[m^mimal  vesicles  are  two  membranous  receptacles^  situated,  one 
I  Bide,  upoQ  the  base  of  the  bladder,  between  it  and  the  rectum, 

''  distended,  they  fonu  two  lon^  sacculated  IM-Hlies,  somewhat 
ned  on  the  side  next  the  bladdt-r,  to  which  they  are  firmly 
bed,  and  convex  on  their  inferior  surftjoe ;  they  are  wideeed 
id  and  narrow  in  front  (fig,  tiOO,  s).  Their  length  is  tiauaUy 
t  two  inches,  and  the  jifreateBt  breadth  about  half  an  inch ;  but 
Twy  both  in  sizo  and  shape  in  different  individuals,  and  also  on  the 

posterior  obtuse  extremities  arc  separated  widely  from  each 


L — RjLSfi  or  THE  UkLn 
im  WITH  TBI  VESICVLM 
LtSl.    VAS4    I»BrXREVTIA, 

i 

fte  of  reflexion  of  the  peri- 
i  in  the  recto  -  ve&Ical 
K  the  port  mbore  tliia 
Idch  the  peritoneum  has 
Moved,  exposing  the  longi* 
aUr  fibres  ;  *\  left 
i  ending;  m  f,  tbe  left 
kirj  duct  ;  t,  left  vcsiciilii 
i*  jioiniog  the  lAme  duct  ; 
bt  Tie  defcfenii,  and  tJie 
■ttaleoU  leoiiiiktie,  mArked 
hod  imimTelted,  &re  Also 
I  |»,  under  tide  of  the  proe- 
Ukd,  Gitt  eo  IS  to  exhibit  the 
tcTj  doctc ;  m,  «miUl  part 
EBcmbnuioaA  portion  of  the 
t :  tt,  u,  the  uretcn,  of 
the  right  15  tamed  to  the 
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,  but  anteriorly  they  converge  so  as  [m  ;tjij>roach  tlic  two  vasa 
entia,  which  run  forwards  to  the  prostate  ktween  them.  Witlj 
aga  deferentia  thas  interposed,  they  oc^cupy  the  two  diverging  sides 
e  triangalar  portion  of  the  base  of  the  bladder,  wliieh  lies  u|jon  the 
m,  and  is  bounded  behind  by  the  line  of  reflexion  of  the  recto- 
ll  fold  of  the  peritoneum.  The  seminal  vesicles  themselves  also 
mon  the  rectum,  but  are  separated  from  it  i>y  a  layer  of  the  recto- 
u  faficiiL,  which  attaches  them  to  the  Ijase  of  the  bladder, 
e  sacculated  apjiearance  of  the  seminal  vesicles  is  owing  to  their 
br  formation.  Each  consists  of  a  tube  somewhat  coiled  and 
tedly  doubled  on  itself,  and  invested  by  dense  fibrous  tissue. 
I  nnTolIed.  this  tube  is  found  to  be  fi-om  four  to  six  inches  long, 
bout  the  width  of  a  quill.  Its  posterior  extremity  is  closed,  so  that 
DQS  a  long  cul-de-?ac  ;  but  there  are  generally,  if  not  always,  several 
r  or  shorter  branches  or  diverticula  connected  with  it,  which  also 
y  closed  extremities  {fig.  6t>0,  s,  s).  Anteriorly  the  seminal  vesicle 
i€8  straight  and  narrowed,  and  ends  opposite  the  base  of  die 
tie  by  iinitijig  on  its  inner  side,  at  an  acute  angle,  with  the  narrow 
nation  of  the  corresponding  vas  deferens  to  lorm  a  single  caaal, 
I  ia  the  common  seminal  or  ejacuJatoiy  duct. 
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Ie  stnictEre,  the  Beminal  resides  resemble  very  doself  the  t^jd 
eacculatefl  portions  of  the  vasa  defei-eDtia,     Besides  ao  eitenittl 
ment,  connected  with  the  recto^vesicai  fascia,  and  cotitaiuiiig  i 
consideralile  size,  lymphatics,  and  ganghated  nervous  cords,  they  1 
muscular  coat  atid  a  mucoiis  membrane.     The  musenlar  layew  lif  ( 
compared  with  those  of  the  vas  deferens,  and  consist  of  three  hj^l 
inner  and  outer  lonfritudinal,  and  a  middle  layer  of  circular  fibres   Id 
fiiderable  amount  of  plain  muscular  tissue  is  found  coveriDg  thej 
surface  and  extending  transTersely  between  the  two  Tefiiclefi. 
also  longitudinal  fibres  traceaVile  over  the  vesicles  from  ihm  rfl 
bladder  (Ellis,  Ileule).    The  raucous  membrane  is  travelled  by  i' 
many  fine  ruf^^a^,  which  form  an  alveolar  structure  resembling  tml 
in  the  gall-bladder,  but  deeper  and  encloeiog  much  finer  meihciw 
eiutbelium  of  the  vesicles  is  columnar  with  a  deep  layer  of  otiill  | 
hedral  cells. 

The  seminal  veaidea  eerve  as  receptacles  or  resen^oirs  for  Uic 
proved  by  a  microsoopio  exammiLtiou  of  their  content's ;    but.  besui 
probable  that  they  secrete  a  peculiar  fluid  which  is  incorponitod  with  tb«  i 

The  common  seminal  or  ejaculatory  dmcts,  two  in  nnodiavl 

formed  fm  each  side  by  the  j miction  of  tbe  narrowed  extremitiatf  f 
corresponding  vas  deferens  and  vesicula  eeminalis.  close  to  tbs  * 
the  prostate  gland.     From  this  point  they  run  forwariis  mid 
at  t£e  same  time  approaehiug  each  other,  and  then  pass  tide 
through  the  prostate  tK'twe^'n  its  middle  and  two  lateral  lolie*. 
course  of  netirl?  an  inch,  during  which  they  become  sp^aaUr  m 
they  end  in  tlio  Boor  of  the  prostatic  portion  of  the  imraii  I 
small    slit-like    orifices   placed   on   the  verumont^innm,  one 
prominent  margin  of  the  opening  of  the  prostatic  sinus  (fig,  M,^ 
For  a  short  distance  the  ejaculatory  ducts  run  in  the  ftnbetaooe  of  I' 
walls  of  the  vesicle. 

The  coats  of  the  common  seminal  duct,  as  compared  with  tljioee  rftbi 
vas  deferens  and  vesicula,  are  very  thiii.     The  muscular  coat  cuE^iiti  d\ 
an  outer  thin   circular  and  an  inner  longitudinal    layer*    The  itn 
areolar  tunic  almost  entirely  disappears  after  the  entrance  of  tll£  A 
between  the  lobes  of  the  prostate,  but  muscular  fibres  may  lie  traced  i 
the   prostatic  portion.     The   mucous   membrane    became   mdnJfcfJ 
smoother  as  it  passes  into  that  of  the  urethra*   Its  epithelium  is  likttm 
in  the  seminal  vesicles  and  vas  deferens.     According   to   HiaiK 
muscular  fibres   of  the   duct   are   separated    by  blood*vc«edi  •! 
passes  through  the   prostate  and  form  the  trabecute  of  a  1 
cavernous  tissue. 

These  cjacuiatonr  ducts  convey  the  fluid  contained   in  the 
vesicles  and  vasa  deferentia  into  the  urethra.     Their  canal 
narrows  as  they  approach  theur  tt;rminatic«i,  where  ita  diameter  iii 
to  the  Vath  of  an  inch* 

Vessels  and  Nerrea  of  tha  Taatia. — ^Tho  testicle  and  it*  esesQiO 
reocive  hlood-vcs.^l«  aad  ucn^ed  fTom  soturoes  whieh  are  diflncal 
giTing  the  toscuIilt  and  nervous  sapply  to  the  ooTaruigft  ol  thoas  pav 

The  tpvr mafic  artrry,  or  proper  artery  of  the  testiide,  ta  a  da 
maricably  long*  brunch,  which  arises  from  the  abdominal  aorta,  and  } 
the  posterior  abdominal  wall  reaches  the  spermatic  cord,  and  desei 
to  the  trland.  In  early  fecial  life  itB  course  ia  much  shorter*  as  tJbe  1 
iita«^  *^'\rt  of  the  aorta  from  which  the  arteiy  ariwi     i 
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testiole,  it  giyes  off  small  branches  to  tho  epididymis,  and  then 
lera  which  perforate  the  tunica  albuginea  at  the  back  of  the 
through  the  corpus  Highmori ;  some  spread  out  on  the  internal 
tunica  albuginea,  whilst  others  run  between  the  lobes  of  the 
.  by  the  fibrous  processes  of  the  mediastinum.  The  smallest 
T  on  the  delicate  membranous  septa  between  the  lobes,  before 
minif  erous  tubes. 

"ens  receives  from  one  of  the  vesical  arteries  a  long  slender 
icompanies  the  duct,  and  hence  is  named  the  drferent  artery,  or 
ff  deferens.    It  ramifies  on  the  coats  of  the  duct,  and  reaches  as 

where  it  anastomoses  with  the  spermatic  arteiy  (fig.  598,  p), 
?  veins  commence  in  the  testis  and  epididymis,  pass  out  at  their 
.  and  unite  into  larger  vessels,  which  freely  communicate  with 
hey  ascend  along  the  cord,  and  form  the  pampiniform  plexus, 
or  three  veins  follow  the  course  of  the  spermatic  arteiy  into  the 

they  unite  into  a  single  trunk,  that  of  the  right  side  opening 
va,  and  that  of  the  left  into  the  left  renal  vein. 
*«  accompany  the  spermatic  vessels  and  terminate  in  the  lumbar 
Is,  which  encircle  tho  large  blood-vessels  in  front  of  the  verte- 
Ls  previously  stated,  they  begin  from  intercommunicating  lymph 
oupy  the  intervals  between  the  tubuli  seminiferi. 
:e  derived  from  the  sympathetic  system.  The  spermatic  plexus 
e  set  of  nervous  filaments,  which  descend  upon  the  sp^matic 
aortic  plexus.  Some  additional  filaments,  which  are  very  minute, 
lypogastric  plexus,  and  accompany  the  arteiy  of  the  vas  deferens, 
seminales  receive  branches  from  the  inferior  vesical  and  middle 
rteries  and  veins.  The  nerves  belong  to  the  sympathetic  system, 
the  hypogastric  plexus. 

L— The  semen  is  a  thick  whitish  fluid,  the  combined  pro- 
jtes  and  the  accessory  generative  glands, 
floating  in  it,  besides  sanamous  and  columnar  epithe- 
jrtain  number  of  small  highly  rcfractinp:  globules  (^seminal 
ner),  and  the  spennaiozoa  or  spermatic  filaments. 
I  granules  are  colourless  particles  having  an  average  diame- 
^th  of  an  inch.  They  stain  deeply  with  most  dyes,  and 
jrived  from  the  nuclei  of  the  disentegrated  nutritive  cells 
srous  tubules. 

Fig.  601, 
g.  601. — Human  spbrxatozoa  (Betzins). 

,   the    tail    not  represented ;   2,   viewed  on   the   flat ; 
le-piece ;  d,  tail ;  f,  end-piece  of  the  taiL 

latoioa  are  i)ecnliar  microscopic  bodies  which 

3  essential   element  for  fecundation   of  the 

I  consists  of  a  flattened  oval  part  or  so-called 

long  dender  filiform  fail  (fig.  601).    At  the 

16  head  with  the  tail  there  may  frequently  be 

intermediate  portion,  uniting  the  two.    This 

the  muldk-piece   (Schweigger-Seidel).     The 

,^j^th  of  an  inch  long  and  •nrJro*'^  broad, 

*  in  its  attached  than  in  its  free  half,  so  that 

appears   pointed   (fig.  601,  1).    There  is  a 

ion  on  each  surface.    The  tail  is  from  -y^x^th 

I  inch  in  length. 

Enoe  shown  by  Leydig  that  in  the  spermatozoon  of  the  salamandat 
tteched  to  the  toil,  a  delicate  ondalating  membranA,    X  toS^Mt 
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membrane  has  been  described  by  H.  Gibbet  in  other  T^rtelnmtei^  iai 
mammals  and  he  and  Jensen  ;l1^  deacnbe  a  long^  fine  filament  u  bond! 
membrane  along  iU  anattaehecl  border.  This  fihunent  which  it  atladiil 
head  at  one  end,  U  eon^iderablj  long^  than  the  tail  itself,  fo  that  ii  i 
a«  the  free  edge  of  the  membrane  is  thrown  into  nndiJatiiig^  coils  («e  ^ 
RetziQs,  wbp  boii  f^ill  more  recently  inyestigatcd  the  sul^ect,  dioeril 
tail  aa  becoming  tibiaiptly  nmrowed  ntar  its  eictremity,  which  ihm  i 
ditiiinct  terminal  portion  (Ug.  ilOl.t);  but  he  f aib  to  iletect  thm  Tittwi 
brano  and  filament  in  mammala 

Development  of  the  apermatozoa.— TheFpermato«o»aredeveloprfw!l 
seminifcrotw  tubnles  from  the  daughter-celb  of  the  i^perniatobhuite.  Thei 
itfl  nueleud  elongate  and  the  latter  poti^es  towards  the  outer  extremis, 
becomes  fluted.    The  protoplasm  of  the  cell  at  &rst  forms  a  olftinto  IK 

Fig.  602, 


Fig.  602. — BuaiAH    BFaaxATOxoi    ^H.  Uibl)c»).      Higklt    uxovmEfL 

DlAOnAHlfATIC. 


towards  the  lumen  (fig.  694 ,  /r ) .  Between  th e  n uclens  and  the  i 
plAsm  is  seen  an  intermediato  portion  of  the  oeU  composed  of  i;^iaKr  ^ 
and  partly  embracing  the  ]K>Ie  of  the  nucleus  (fig/ 595,  ^),  Thja  appeiisl 
eventually  the  middle  piece  of  the  spermatoasoon  whilst  the  noclm  e^) 
(or  at  lea^t  the  clirematic  substance  of  the  nticleos)  becomes  tny>«fong 
the  headf  and  the  gnmular  clavate  projection  grows  out  into  the  tafl.  i 
stages  the  heati  may  ap]>ear  covered  by  a  trauEiparent  enrelope,  pirol3aUy< 
from  the  protoplasm  of  the  cell  (head-cap  of  Schweigger-Seidd).  The  i 
ment  of  the  niembmne  and  filament  of  Gibbea  has  not  as  yet  been  tXMiA< 
fine  filameutei  mtiy  often  be  Been  coiled  up  within  the  daoghter-oelli  «| 
undergoing  transfonnation  into  spermatozoa,  and  it  is  not  anliUy  IN 
may  be  tbe  filameaU  described  by  Gibbes,  although  *'^'^^  h%r%  uarf 
regardful  as  the  developing  tails  of  the  spermatotoa  .    Tkaai 

is  probably  a  thinned  out  portion  of  the  protoplasm  oi       ,   

Motion  of  the  spermatoaoa.—The    spennatosoa,  after    their 
removal  from  the  vaa  deferens  or  vesiculsa  seminales,  ane  found  to  < 
lashing  movements  of  the  tail  with  an  undulating  motion  of  lb*  i 
brane  and  filament,  lading  under  favourable  conditions  for  m^Mj  1 
action  has  the  efifect  of  causing  them  to  progress  in 
tlirougb  tbe  fluid  in  which  they  fioat.  and  by  it  thej  are  no  ibirfit  |( 
upwanls  io  tbe  female  genenitive  paMag^s  and  thtu 
The  conditions  under  m  hicb  the  action  ot  the 
intluenced  are  in  almost  nil  res^pecta  the 
qI  cilia  (soe  pp.  al  to  54). 
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THE   VULVA.  «9^ 

iBt  Xdteratnre. — On  tho  stractore  of  tho  testis.  La  V,  SL  Oeorgi,  Article  in 
E^s-Handbook,  1871  ;  Uofmeister  in  Wiener  Sitzungsb.  LXV.,  1872  ;  Mihalkovics, 
rig's  Arbeiten,  1874 ;  Qerster  in  Zeitschr.  f.  Anat.  a.  Entw.  11.  (lymphatics) ; 
In  Aich.  f.  mikr.  Anat,  XIV.,  1877  ;  Metnng,  Dissert,  Dorpat,  1877.  On  the 
f%  and  development  of  the  spermatozoa  and  on  the  epithelium  of  the  scminifcrom 
cqieeially.  Merhtl  in  Arch.  f.  Anat,  1871  ;  and  Med.  Contralb.,  1874  ;  v,  Ebner, 
Moomal,  1872  ;  Keuniann  in  Med.  CentralbL,  1872,  and  in  Arch.  f.  mikr.  Anat, 
tfS  ;  Blumhtrg,  Dissert.,  Warxbnrg,  1873 ;  St,  George^  yarious  papers  in  Arch.  £. 
haaX.  X.,  XII.,  XV.  ;  Eimer  in  Worzb.  Vcrhandl.,  1874;  MUscher  in  Basel 
dL,  1874  ;  Block,  Dissert.,  Wurxburg,  1874;  Sertoli  m  Gaz.  nied.  lomb.,  1875» 
Jbch.  p.  1.  sci.  mcd.  II.,  1877  :  v,  Brunn  in  Arch.  f.  mikr.  Anat  XII.,  1875; 
in  Arch.  f.  klin.  Chir.  XXL,  1877;  Balbiani  in  J.  de  micrographie,  I.  1877; 
HJew  in  Arch.  f.  mikr.  Anat  XV.,  1878  (stelktte  cells  in  epithelium) ;  Duval  in 
iM.,  1878  ;  II.  Gibbes,  in  Quart  joum.  of  micr.  scL  1879  and  1880 ;  Jenten 
HKtnr  des  SamenfiUlen,  Bergen,  1879  ;  Meyer,  in  St  Petersb.  Mem.,  1879  ;  ffd- 
Mnert,  Dorpat,  1879;  Klein  in  Med.  Centralbl.,  1880 ;  Bristaud  in  Arch,  de 
U  1880 ;  Bloofmjidd  in  Quart  joom.  of  micr.  sci,  1880 ;  W,  Krauae  in  Biol. 
IbL,  1881 ;  Retziuz  in  Biol.  Untersnchnngen,  1882. 

ike  ducts  of  the  testes,  and  seminal  Tesicles.  Klein  in  Strieker's  Handbook,  1871 ; 
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EEPRODUCTIVE  ORGANS  IN  THE  FEMALE. 

8  reproductive  organs  in  the  female  consist  of  the  ovaries,  uterus^ 
PaUopian  tubes,  which  are  named  the  internal,  and  the  vagina, 
B,  nympha^,  labia,  and  other  parts  included  in  the  vulva,  named 
temal  organs  of  generation. 

THB    VTJIiVA, 

!  Tulva,  or  pndendiun,  is  a  general  term,  which  includes  all  the 
Perceptible  externally,  viz.,  the  mons  Veneris,  the  labia,  the  hymen 
OJiculro,  the  clitoris,  and  the  nymphos.  The  urethra  also  may  be 
3ed  in  connection  with  these  parts. 

^giiments  and  Labia. — The  integument  on  the  fore  part  of  the 
mnphysis,  elevated  by  a  quantity  of  areolar  and  adipose  tissue,  and 
W  with  hair,  is  termed  tbe  mons  Veneris,  Two  rounded  folds  of 
Unent  {labia  externa  v.  majora,  fig.  603,  20)  extend  downwards  and 
rarfg  from  below  the  mons,  gradually  becoming  thinner ;  they  leave 
iptic  interval  {riina)  between  them,  the  outer  surface  of  each  being 
inous  with  the  skin,  and  covered  with  scattered  hairs,  whilst  the 
is  lined  by  the  commencement  of  the  genito-urinary  mucous  mem- 
1.  Within  the  substance  of  the  fold  there  is  found,  besides  fat, 
ts,  nerves,  and  glands,  a  tissue  resembling  that  of  the  dartos  in  the 
un  of  the  male,  to  which  the  labia  in  the  main  correspond.  The 
majora  unite  beneath  the  mons  and  also  in  front  of  the  perineum, 
ro  points  of  union  being  called  the  anterior  and  i)ostcrior  commis- 
The  posterior  or  inferior  commissure  is  about  an  inch  distant 
the  margin  of  the  anus,  this  interval  being  the  perineum  of  the 
5.  Immediately  within  the  posterior  commissure,  the  labia  are  con^ 
1  by  a  slight  transverse  fold  {frcenuhim  jntdendi),  which  is  fte- 
tf  torn  in  the  first  parturition.  The  space  between  it  and  tho 
usBure  has  been  called  fossa  navicular  is, 

boris. — Beneath  the  anterior  commissure,  and  concealed  between 
3ia,i8  the  elitoris  (fig.  603,  19),  a  small  elongated  body  correspond- 
conformation  and  structure  to  a  diminutive  penis,  but  dilfering 
ring  no  corpus  BpongioBum,  nor  urethra  conncviled  mtii  itXjAssn. 
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Tt  consists  of  two  corjmra  cavernosa,  wlifdi  are  attached  bj  cntntil 
rami  of  the  ischium  and  puljis,  and  are  united  together  by  their  f 
inner  surfaces  so  as  to  furni  an  incomplete  pectin ifbrm  scptmn^ 
body  of  tlie  clitoris,  which  is  al>ont  an  inch  aau  a  half  long^  but  is  I' 
beneath  the  mucous  membrane^  is  surmoimtcd  by  a  small  yiai^j 
fiiBting  of  spongy  erectile   tissue.    The  glans  is  imperforalei  *" 
sensitive,  und  surrutmded  superiorly  by  a  membrauooB  foU^t 


Fig.  603. 


^a 


m^ 


jj^ 


tliO 


Fig.  G03. — YlIW  OF  TBK  f1t](il.KOROA1fSOF  GK^EltATTOSf  ftOM  HIVWH,  T«l  TMOAl 
OCT  OPEN  ANU  ITS  WjLLLS  TCRVID  ASIDI  (S4|ili«y).       | 

1,  Qraries  ;  %  Fallopian  tubes  ;  3,  4,  5»  tbeir  flmbrinted  extremittei  \i  \ 
OBtimQ  abilomiaftle) ;  €»  ov&rkti  ^mbria  ;  7i  UgntueQt  of  tb«  oraiy ;  S^  9»  bfw 
10,  uteruR;  11,  its  Taf:itial  portion  ;  12,  oe  uteri;  13,  Literal md  poBtctkf ^iBi<i< 

rejected  ;  14,  its  atiterior  wall ;  16,  edgw  of  hyrn-rj  ■  U'  -.nrUv  .^f  nrv^tl^M  '  i? 
IS,  njmph^e ;  1&,  dU<}m  ;  20,  kbiA  majoriL 

to  the  prepuce.    There  is  a  Bmall  %\\^ 
npper  Wuer,  like  that  of  the  penis, 
dependent.    The  two  ischio-cav' 
m'ectores  clUoridi.%  have  the  6an: 
inserted  into  the  crura  of  the  coq 
Kymplm* — From  the  glans 
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r  pendulous  folds  of  mucous  membrane  pass  backwards  for 
ich  aud  a  halfj  one  on  eacli  side  of  the  entrance  to  the  va^a. 
the  nympfiO'  {hhm  inlerna  v.  mtmra,  ^g,  603,  18).  Their 
Se  is  continuous  with  that  of  th<;  vagina ;  the  extenial  insensibly 
f  the  labia  majora.  They  contain  vessels  betwet-n  the  laininse 
(fcarr  membrane,  but,  according  to  Kobelt,  no  erectile  plexns ; 
ictile  structure  corresptinding  to  the  bulb  and  spongy  body 
pin  two  separate  right  and  Icfl  Imlyes,  as  will  be  presently 


^*J&Il 


Fig.  604. 

lUtEAL  TTEW  OF  THB  ERECTTLB  ^ 

^or   THE    EXTEIIXAL   OR<}A!VS   IN 

m  (from  Koliett).     | 

IrcBeU    have    been     injected » 

id  ;  a,  bulbtta  Tcstibali ;  r, 
lbs  tivue<l  pars  intenaedia;  e, 
h\ /f  bodj  of  the  ditoris ;  A, 
f,  fight  cnw  cJitoridm  j  tn, 
I  ligjbi  flvkd  of  ButhoUo. 

U« — Between  the  nymph ae 

ar  interval  called  the  resti- 

S,  17),  in  which  is  situated 

r  orifice  of  the  urethra,  or 

Mftrius  (1 6 ),  about  an  inch 

ditoris  and  just  above  the 

>  the  vagina.    The  mem- 

b  surrounds  this  orifice  h 

liinent  in  moat  instances 

ly  to  indicate  its  situatitin. 

fctely  l)elow  the  orifice  of  the  urethra  ia  the  eDtrance  to  the 

ich,  in  the  vin^n,  is  usually  more  or  less  narrowed  by  the 

>,    This  is  a  thin  duplicature  of  the  mucous  membrane,  placed 

ranee  to  the  vagina ;  its  form  varies  very  considerably  in 

ersons,  but  is  most  frefjuently  Bcmiliiuar,  the  conca\x*  margin 

cted  forwards  tuwards  the  pubis.     Sometimes  it  is  circular^ 

torated  only  by  a  small  round  orifice,  placed  usually  a  httle 

Dent  re  ;  occasionally  it  is  cribriform,  or  pierced  with  several 

ures ;  and  it  may  in  rare  instances  completely  close  the  vagina, 

g   *' imperforate    bymen.*'      On  the  other  hand,  it  is  often 

)  a  mere  fringe,  or  it  may  be  entirely  absent.      After  its 

^e  small  rounded  elevations  remain,  called  cuj^incula  mt/rii- 

teoiLi  memln^aiie  may  be  traced  inwards  from  the  borders  of 
aajora,  where  it  is  continuous  with  the  skin  :  it  forms  a  fold 
iscular  tissue  of  the  nymphae,  and  is  then  prrilonged  into  the 
kd  vagina.  It  is  smooth »  reddish  in  colour,  U  covered  by  a 
el i urn,  and  is  provided  \nth  a  considerable  number  of  mucous 
follicles,  and  with  glands  which  secrete  an  unctuous  and 
rt)stanc:x3.  The  mucous  crypts  and  follicles  are  especially  dis- 
te  inner  surface  of  the  nymphae,  and  near  the  orifice  of  the 
The  sebaceous  glands  are  found  beneath  tlie  prepuce,  and 
abia  niajnra  and  outer  surface  of  the  nympha?. 
imds  of  Bartkolia  (or  of  Duverney)  (fig,  604,  n),  corc^^xA- 


the  male.  Besides  tlie  corpora  cavernosa  and  ^]axi 
referred  to,  tliere  arc  two  large  leech-shaped  niasso« 
(%,  (»05,a),  ubuiit  an  inch  h>ng,  consisting  of  a  netwo 
in  a  fibrous  membrane,  and  lying  one  ou  each  side 

Fig,  605. 


TmtT/ldTJ  »•».!»     ♦v*'^ 


Fig.    605. — FnOITT    view    of    the    EllECTtLK    8TE0CTUK1S  OF 

THE  FEiiiLK  (ffom  Kobdt).     I 

tif  buTlnts  ycstibull ;  h^  Kphincter  ragiase  miuK'lc ;  f,  #,  venoa 
media  ;  ft  gituis  eliioridxB  ;  y,  oomnectij)^  vdus  ;  k,  dunttJ  wmn 
paiiaing  beneath  Ibe  pub^ ;  /,  the  obttmtor  Tcin* 

little  behind  the  nymphfc.     Thcj  arc  rather  poit 
extremifciea,  and  ronnded  below  :  thev  are  snsf 
crura  of  the  clitoris  and  the  rami  of  the  pnlw**?,  etjvc 
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rmwelfl. — ^The  outermoBt  parte  of  tb&  vulva  arc  supplied  by  the  mtper' 
mnd  perineal  arteries  ;  the  deeper  paits  and  all  the  erectile  tisffues 
I  tmm  Hie  internal  putUe  arteriex  m  m  tlia  male.  Hie  veins  also  in 
I  correspond ;  there  is  a  dori^al  vein  of  the  clitom  reoeivin^  branches 
ll^laiu  aud  oUior  parta  as  in  the  male  i  the  veins  of  the  bulbu3  vestibnli 
'  \  into  the  vag-inal  plcxnses,  and  are  connected  also  with  the  obtn- 
ins  :  above  they  communicate  with  the  veins  of  the  p:irH  mtermedia^thoiKS 
prpora  cavernosa  and  the  glans  of  the  clitoris,  and  also  with  Ibe  veaa 
I  The  lymphatics  accompany  the  blood-vessels* 

t— Besides  tym pathetic  hranthrx^  which  descend  along  the  arteriea, 
m  for  the  erectile  tlssnes,  there  are  other  nerves  proceeding  from  the 
pid  sacral  plexuses  ;  those  from  the  former  beinit  branohes  of  the  gemt^ 
ftsd  those  from  the  latter  of  the  infer iur  pudendal  and  hitermtl  pudie 
■rblch  last  ffends  compamtively  large  branches  to  the  clitoris.  They 
b  in  the  clitoris  in  peculiar  tactile  corpuscles  (see  p,  164)» 

r  THIS     FSMALU     tTBSTHRA, 

^male  urethra  Is  short  as  compared  with  that  of  the  male  mL, 
)OUt  an  inch  and  a  half  in  leuprth  ;  its  avcrafi^Q  diameter  is  about 
of  an  inch,  hut  it  is  capable  of  great  distension.  Its  direction  is 
downwards  with  a  Blight  curvature  forwarda.  It  lies  embedded 
anterior  wall  of  the  Viigina,  from  which  it  can  only  be  separated 
cction, 

external  orifice,  or  mmhts  nrimrttis  (fig.  €03,  IG),  opna  in  the 
Qcarly  an  inch  below  and  behind  the  clitoris,  between  the  nyraphae, 
iinediately  above  the  entrance  to  the  vagina.  From  its  orifice, 
is  ita  narrowest  part,  the  canal  passes  upwards  and  backwards 
n  the  crura  of  the  clitoris  and  tehind  the  pubis,  gi-adually  enlarg- 
o  a  funnel-shaped  opening  as  it  approaches  and  joins  the  bladder. 
is  also  a  dilatation  in  the  back  of  the  canal,  just  within  the  meatus, 
mucous  membrane  is  whitish,  except  near  the  orifice  ;  it  is  raised 
fngitudiiial  folds,  which  are  not  entirely  obliterated  by  distension, 
lly  one  which  is  particularly  marked  on  the  lower  or  posterior 
f  of  tlic  urethra,  Xcar  the  bladder  the  membrane  is  soft  and 
'with  luauy  tubular  mucous  glands.  Lower  doivn  these  increase 
and  lie  in  groups  between  the  lonj^itudinal  folds  ;  and  immediately 
and  around  the  oriUce,  the  lips  of  which  are  elevated^  are  several 
and  wider  crypts, 

iining  membrane  is  corercd  with  a  stratified  scaly  epithelium,  but 
p  bladder  it  becomes  transitional.  The  submocous  areolar  tissue 
El  numerous  elastic  fibres.  Outside  this  there  is  a  highly  vascular 
tTB,  in  which  are  many  large  Teins.  Between  the  anterior  and 
or  layers  of  the  triangular  ligament,  the  female  urethra  is 
3cd  by  the  fibres  of  the  compressor  urethrae  muscle. 
vessels  and  nerves  of  the  female  urethra  are  very  ninnerooSj  and 
i?ed  from  the  same  sources  as  those  of  the  vagina. 


ttagina  is  a  dilatable  membranous  passage,  extending  from  the 
1^  the  uterus,  the  neck  of  which  is  embraced  by  it  {hg.  603),  It 
dow  and  behind  on  the  rectum,  supports  the  bladder  and  urethra  in 
ftttd  is  enclosed  between  the  levatores  ani  mtiscles  at  the  sides.  It 
htly  cmred  and  is  directed  upwards  and  backwards  :  its  axis 

Cw  with  that  of  the  outlet  of  the  pelvis,  and  higher  up 
ilvic  cavity.    Its  length  is  greater  along  the  ^(jstmot 
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than  along  the  anterior  wall  hj  abont  an  inch  and  a  half.  Tha  lal 
the  vagina  are  somewhat  narrower  than  the  middle  part :  the  \me{ 
which  is  continuoua  with  the  Yiilva,  is  the  narrowest  pan, 
widest  ivctm  before  liackwards  ;  the  middle  part  is  widest  from 
side,  being;  flattened  from  before  backwariis,  so  that  its  anterk)^ 
posterior  walls  are  ordinarily  in  contact  with  each  other :  at  iti  i 
end  it  is  rounded,  and  cxpnids  to  receive  the  vaginal  portion  of  tk 
of  the  uterns.  The  vagina  reaches  higher  up  on  the  cervix  nieri  h 
than  in  front,  bo  that  the  utertis  appears  to  be  inserted  mto  iu  ti 
wall. 

On  the  innei'  surface  of  the  vagina,  anteriorly  and  putmsi 
slightly  elevated  ridge  extends  from  the  lower  end  npwanll  tfl 
middle  line,  fonniug  the  colwmis  of  the  vagina,  or  columna  nfi 
Numerotis  dentated  tmnsverse  ridges,  called  rm/ee^  are  abo  ohi 
imriicnlarly  in  persons  who  have  not  borne  children,  nuuuDg  at 
im*^tta  from  the  colnians.  These  columns  and  mgse  are  moil  e< 
near  the  entrance  of  the  vagina  and  on  the  ant-erior  iorfto^ 
gradually  become  less  marked,  and  difiii]>pear  towards  it^  nppei  codi 

Fifi.  606. 


r- 


^:;=3=*^ 
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Fig.  606.^8icTio3riix.  vixw  or  Twm  vnosHA  ow  Tm  wvujm  fkltii 
after  HotittoQ  And  from  natitro).     | 
The  pel  vie  rUcem  hjiring  been  duitendcd  sod  hwUcn^d  wiili 
making  the  secrton,  arc  HomewliAt  lari^r  than  natmml  aatlibe  TighMBpp«i»«pi^^ 
itA  antonor  and  posterior  walls  nhaM  be  in  contact  with  tint  anotKer.     fy  | 
the  ■acnim  ;  t,  symphysis  of  thu  pubis  ;    r,  thft  upper  pdUt  of  Um 
r'.  the  neck  ;  r',  w,  thu  urethra  ;  «»  the  uteruj* ;  r  n^  tht  rmginm  ;  r,  tliifit  ] 
n^ctum  ;  /,  the  foM  between  the  middle  and  upp^  part*  of  iKf  nctaia  ;  J^  I 
the  right  Ubtuu  ;  n,  thii  right  njriupha ;  h^  th«  Jijoieii ;  d^  tb*  dlnM 
the  prejmct!, 
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Lcinre  and  oonneotioiui. — The  walla  of  the  vagina  are  thickest 
b,  in  the  vicinity  of  the  urethra,  which  indeed  may  be  said  to  be 
ed  in  the  anterior  wall  of  the  vaginal  passage  ;  in  other  sitna- 
ley  are  thinner.  The  vagina  is  firmly  connected  by  areolar  tissue 
leck  of  the  bladder,  and  only  loosely  to  the  rectum  and  levatores 
scles ;  at  the  upper  end,  for  about  a  fourth  part  of  its  length,  its 
)r  surface  receives  a  covering  from  the  peritoneum,  which 
Is  in  the  form  of  a  cul-de-sac  thus  far  between  the  vagina  and 
mm. 

mally  the  vagina  presents  a  coat  of  dense  areolar  tissue,  and 
I  this  its  walls  arc  composed  of  unstriped  muscle,  which  is  not 
I7  separable  into  strata,  but  is  composed  chiefly  of  fibres  inter- 
roolar  and  externally  longitudinal.  Bound  the  tube  a  laver  of 
ectile  tissue  is  found,  which  is  most  marked  towards  the  vulva. 
B  lower  end,  the  vagina  is  embraced  by  striated  muscular  fibres, 
sonstitute  the  sphhirter  vagina^  already  described, 
mucous  membrane,  besides  the  columns  and  rugaB,  is  provided 
ftpillse,  and  with  numerous  mucous  glands,  especially  in  its 
moother  portion  and  round  the  cervix  uteri.  It  is  lined  with  a 
d  scaly  epithelium. 

tlB  and  Kerves. — The  vagina  is  largely  sof^lied  with  yessels  and  nerves. 
frt«f  are  derived  from  branches  of  the  internal  iliao,  yiz.,  the  vaginal^  t'n- 
udie,  vericalf  and  uterine.  The  yeins  correspond ;  bat  they  first  sorroond 
HA  with  nmnerons  branches,  and  form  at  each  side  a  plexns  named  the 
plexut.  The  nerves  are  derived  from  the  hypogaitrio  plexus  of  the  sym- 
,  and  from  the  fowth  taoral  and  pudio  nerves  of  the  spinal  system ;  the 
\ie  traceable  to  the  erectile  tissue. 

THX    UTSBUS. 

ntsruM  or  womb,  (matrix,  wrrepov,)  is  a  hollow  muscular  organ, 
ry  thick  walls,  situated  in  the  pelvic  cavity  between  the  rectum 
urinary  bladder.  In  the  case  of  pregnancy  the  uterus  receives  the 
retains  and  supports  it  during  the  development  of  the  foetus,  and 
b  at  the  time  of  parturition.  The  Fallopian  tubes,  extending  from 
)per  angle  of  the  uterus  to  their  ovarian  opening,  conduct  the 
om  the  ovary  to  the  uterine  cavity.  During  gestation,  the  uterus 
yes  a  great  enlargement  in  size  and  capacity,  as  well  as  important 
-al  changes. 

16  fully  developed  virgin  condition,  which  is  that  to  which  the 
[g  description  mainly  applies,  it  is  a  somewhat  pear-shaped  body, 
1  from  before  backwards,  free  above,  and  connected  below  with  the 
into  which  its  lower  extremity  projects  (fig.  603).  It  does  not  reach 
he  brim  of  the  pelvis.  Its  upper  end  is  directed  upwards  and 
8,  the  lower  downwards  and  backwards ;  so  that  its  axis  corres- 
rith  that  of  the  inlet  of  the  pelvis,  and  forms  an  angle  or  sudden 
ith  the  axis  of  the  vagina,  which  corresponds  more  nearly  with 
the  outlet  of  the  cavitv.  The  uterus  projects  upwards  into  a 
the  peritoneum,  by  which  the  body  is  covered  both  before  and 
and  the  neck  also  behind ;  but  in  front  the  peritoneum  does  not 
.  farther  than  the  body.  Its  free  portion  is  in  contact  with  the 
dvic  viscera,  some  convolutions  of  the  small  intestine  usually 
pen  its  upper  and  posterior  surface.  Its  lower  and  anterior  sar- 
in contact  mtii  the  bladder,  with  the  interveaUou  ot  \ibft  ^Qunr 
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toneal  pouch.    From  its  two  sides  the  pcritonenm  is  refledi 
form  of  a  duplicature,  named  the  broad  h'gament. 

The  average  dimensions  of  the  uterus  are  about  three  inches! 
two  in  breadth  at  its  upper  and  wider  part,  and  nearly  an  indi 
ness:  its  weight  is  from  seven  to  twelve  drachms.  It  ii 
described  as  possessing  a  f  undus,  body,  and  neck. 

Pig.  607.  Fig.  607. — Saqittal  sscnoii   thbouoh  rai  i 

THB   UrP£R  END   OP    THE   YAOIIA  (Hct 

a,  anterior  ;  p,  posterior  waU  of  tLc  ti^ 

The  fundus  is  the  broad  bulring  i 
of  the  body,  and  projects  upwards  fiw 
the  points  of  attachment  of  the  FaUoj 
(fig.  003,  10).  The  badt^  gradualh 
as  it  extends  from  the  fundus  to  t' 
its  sides  arc  nearly  straight ;  its  ani 

Eosterior  surfaces  are  both  somewha 
ut  the  bitter  more  so  than  the  for 
the  })oints  of  union  of  the  sides 
rounded  superior  border  are  two 
angles,  with  which  the  Fallopian 
connected,  the  round  ligaments  bein^ 
a  little  before,  and  the  ovarian 
behind  and  beneath  them  ;  these  three 
all  included  within  the  peritonoEd  d 
of  the  broad  ligaments  (fig.  603,  8). 
of  the  uterus  is  of  a  less  rigid  conost 
the  neck  and  readily  be(x>mes  bent 
upon  it  either  forwards  or  backwardi, 
to  a  great  extent  the  condition  of  * 
of  the  bladder.  Wlien  the  latter  is  empty  the  body  of  t 
may  be  nearly  horizontal.  The  neck,  or  cervix  uteris  nan 
more  rounded  than  the  rest  of  the  organ,  is  nearly  an  inch  i 
it  is  continuous  above  with  the  body,  and,  becoming 
smaller  towards  its  lower  extremity  projects  into  the  URX 
the  tube  of  the  vagina,  which  is  unitea  all  round  with  the  sd 
the  uterus,  but  extends  upwards  to  a  greater  distance  bdiin 
front.  The  projecting  portion  of  the  uterus  is  named  the  « 
(fig.  603, 11).  The  axis  of  the  cervix  uteri  may  be  in  thesam 
with  that  of  the  vagina,  in  which  case  the  amount  of  flexi( 
the  body  and  neck  is  greater,  or  it  may  be  directed  foniardt 
an  angle  with  the  direction  of  the  vagina.  The  lower  end  d 
presents  a  transverse  aperture,  by  which  its  cavity  opens  into 
(fig.  003,  12)  ;  this  is  named  variously  os  uteri,  08  uteri  eri 
(from  a  supposed  likeness  to  the  mouth  of  the  tench  fiush 
tt  is  bounded  by  two  thick  lips,  the  posterior  of  which  is 
and  longer  of  the  two,  while  the  anterior,  although  projectin 
its  vaginal  attachment,  is  lower  in  position,  and,  when  the  tu 
comes  into  contact  with  the  posterior  wall  of  the  vagina 
These  borders  or  lips  are  generally  smooth,  but,  after  parti 
frequently  become  in*cgular,  and  are  s(»metimes  fissured  or  cl 
Cttvity  o£  \2hA  -a^ec^A.— TVi<i^^^^  v^i  \}civ^\^.<ftx:\i&  are  of  gra 
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the  cavity  is  thus  proportionately  much  reduced  in  Bize.    The  part 
the  body  is   triangular  (fig,  (i08}»  and  flattened  from   before 
so  that  itB  anterior  and  pc»sterior  walla  t«3uch  each  other 
^*  6u7)*     The  base  of  the  triangle  is  directed  upwards,  and  is  convex 
the  interior  of  the  uterus.     The  cavity,  nan'owiiig  {^adually, 
pix>bnged  into  its  two  superior  angles,  at  each  of  which  it  leads  by  a 
«iiante  foramen  into  the  narrow  c^nal  of  the  Fallopian  tube.    At  the 
jixnotion  of  the  body  with  the  neck,  the  cavity  is  slightly  constricted, 


;  60&. — DUGftAMMATtC  YTIW  OF    THE   UTERtTS    AND   tTS    XVmH^kQtB,   AS    flUtJT     lauM 
BEMISP.       (A.  T.)      J 

Tki  Qtcnu  and  upper  piai  of  the  vagitia  liavo  be«a  kid  open  by  removing  the  poiterior 
^Nffl  ;  on  Uic  left  side  the  FallopiHH  tube,  round  tigamcutf  mid  oTamn  ligament  hare  been 
^rt  tbort,  And  the  hro&d  ligameiit  removed  ;  u,  Ibe  fuDdua  of  the  uterus ;  tr,  the  cerrix 
^Bfetite  the  oi  internum ;  the  triAiigiilar  shape  of  the  uterine  canty  is  fihowti^  and 
^^i$  dilAtalion  of  the  cerrical  cavity  with  the  ragm  termed  aH>or  vit«c* ;  v,  upper  p&rt  of 
'^ke  vi^na  ;  ocf,  Fallopian  tE]i:MQ  or  oviduct ;  I,  round  ligament ;  to,  ligament  of  the  oTary  ; 
^  tfmrj  (here  represented  with  its  long  ads  honstoDt&l  although  in  the  natnnU  portion 
v^IkU  Uie  bodf  it  is  oblique  or  nearly  vertical)  ;  t,  wide  outer  part  of  the  right  FaJtopinn 
) ;  /t,  ita  fimbriated  extremity  ;  po,  parOYarium  ;  h,  one  of  the  hydatids  frequently 
with  ttie  broftd  ligament 


tiifl  Ihna  formjB  what  is  fiometimcs  named  the  mtemal  orijim  (os  nieri 
mlgrnum,  isthmm  vel  ostium  uteri)  ;  this  opening  is  often  emaller  than 
the  on  extemiun,  and  is  of  a  circular  form.  Tliat  portion  of  the  cavity 
vbidi  i«  within  the  neck  is  tubular  and  slightly  flatt€»ned  before  and 
b«htocl :  it  is  somewhat  dilat^^d  in  the  middle,  rmd  opens  inferiorly  into 
ibe  iwaa  by  the  os  tiocae.  Its  inner  surface  is  marked  by  two  lon^i- 
todia^  ridges  or  columns,  whicti  nm,  one  on  the  anteriur,  the  other  on 
tlie  pocterior  wall,  and  from  both  of  which  ragfe  are  directed  oblitjucly 
npiritnli  on  each  side,  so  as  to  present  an  appearance  which  hiis  boen 
namod  arbor  vitm  uterinus,  or  palmm  pUcake  (tig.  G08) :  this  structure 
s  iDioet  BtroDgly  marked  anteriorly. 

SrEt'CTirHE. — ^I'he  walb  of  the  ntenia  consist  of  an  outer  serous 
ocrrerhig,  an  inner  mucous  membrane,  and  thick  intermediate  muscular 
•obitttnce.  The  seroos  covering  ox  peritmiml  layer  has  been  already 
vdmnA  to. 

The  thick  middle  part  of  the  wall  of  the  litems  is  of  firm  consistence  : 
boiairmaiQlv  composed  of  plain  muacular  fibres  of  small  %\m,  -^ra  '^*^h  in 
feiigUi,  in  tfie  unimpregnutw!  iitenis,  but  greatly  enlarged  (to  :i^th  inch) 
in   tiie  gravid  state.     These  fibres  interlace  closely  with  each  other, 
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bnt  are  rlispoeed  in  banrlles  and  layers,  and  are  intermixed  with  i 
tisaue,  a  iLirt^c  number  of  blood-vessels  and  lymphatics,  and 
The  areolar    tissne  is  more   abundant  near  the  outer  smfioii 
arrangement  of  the  muscular  fibres  is  Ijost  studied  in  the  Qtenil  ili 
full  period  of  gestation,  io  which  the  bundles  become  i 
They  may  be  refeiTed  to  three  seta  of  which  the  two  more  exleiiil! 
be  regarded  as  correspondiTio:  with  the  mnscular  coat  of  other!' 
viflcera,  whereas  the  intt^rnal  is  an  immenflely  hj-pertrophied 
mucmm,  and  will  accordingly  lye  described  with  the  mucous  i 

Muscular  coat. — The  extenuti   hyer  of  the  moseiilar  ocikl 
a  thin  superfieiril   sheet    immediately   beneath    the    peritonaOM 
incomplete  strata  aitoated  more  deeply.     A  large  share  of    "      ** 
beginning  as  longitudinal   bands  at  the  cer\'i3Cr  arch  transTtfU^I 
obliqnely  over  the  iiiridus  aud  adjoining  piirt  of  the  bcniy  of  thfi  ( 
and  pas-s  on  each  side  into  the  broad  ligament.     Of  these  i 
at  either  side  towards  the  commencement  of  the  roiuid  ligaoMDli^l 
which  they  are  in  ptirt  prolonged  to  the  groin;  others  pea  of  to  I 
Fallopian  tulles,  and   strong  transverse  bamk  from  the 
posterior  surfaces  are  extended  into  the  ovarian  ligaraeufcfi. 
run  hack  from  the  cervix  uteri  beneath  the  recto-uterine  fcUil 
|>eritoneum.      The   inmr   layer  of   the  muscular  coat,   vliidt  il  I 
thin,  is  composed  of  fibres  which  are   found   chiefly  on  the  Wt  < 
the  uterus,  and  stmtch  over  the  fundus  and  ti^warda  the  sidc«,  i 
somewhat  irregularly  between   the   ramiliwitions  of  the  blood-T 
The  muscular  coat  proi)er  seldom  exceeds  \  inch  in  thickneeB  i 
but  it  is  not  easy  to  lissign  its  limits  exactly,  for  there  b  lictii  9\ 
no  BubmneouB  areolar  tissue  foimiug  a  distinct  coat  afi  in  EOCMlUlh  { 

Fig.  609.  Fig.  S09.— Saertov  or  Tam  mm  Ml 

ifXMBftAjri  riJULLiL  T^  tsiflva^Mliliii^ 
If 

X 

I,  2,  a,  glaxuU  (the  epitUim  \m  Ubi* 
from  2) ;  4,  a  blood  TtBMeL 

hollow  viscera.  It  is  chieflr  tlM*]teo' 
ramification  of  the  blood  * 
they  pass  into  the  nmeoos 
that  cietermince  the  l^omidaiy 
the  muscular  layer  of  the 
brane  and  the'  muioabr  ooil 

iim^Hi  ^^'  Williams). 

^B  gmSSlpiBI^Bj^K  Mucous  membrane. — Tbt 

^H  ^S^^SK^^ISmtK^  membrane  of  tlie  uterus  is 

^H  ^^^^s^Poi^^K  ^^  ^^^  enormous  hyjjertrophr  d  ^ 

^H  '^ffSsS)!^^§^^p!&  muscular  layer  proper  to  ii— m  i^^ 

^H  |E^^  y  eularis  mucosas ;  indeed  it  k ^km  vfcik 

^^  ~i~  ^j  forms  the  greater  part  of  the  Itofci* 

[  of  the  uterine  wall.     Tht  fmmmeti 

^H  this  mess  of  plain  niuBcular  tissue  in  it  confers  a  distaticl 

^H  the  outer  part  of  tlie  membrane,  so  that  in  sectioojB  it  is 

^^B  rent i ate d  from  tlie  inner  part  or  oorium. 

^H  Uimularh  mucosts. — This  consists  of  bands  of  fibret  wliUiiit  i^ 

^H  poBtid  with  comparative  regularity  iu  its  upper  part^  bein^ 

^^^^^^in  numerous  oonceutrio  rings  round  the  openiDga  of  Uia 

^ 
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llO.—SBcrrojf  o»  ttw  nceotrs  jneii- 

Of   TW«  tJtJtItVS   PIIOK    KKAK   TUB 

I  (adapted  by  J»  C.  Kwart  from  a 
I  hj  J.  Wiltiatuii). 

eptth«]iiiin   of    inner    Rurfaoe;   b,bi 

gUDdn ;  <*,   iuterglandtiJar  coiineo^ 

I ;  d,    inAri    of    the   miisculana 

witli    the    ends   of  thij    glAndfl. 

of  which,   b\  are  entirely   filled  by 

n    celli.       This    §f)ecini€n    was 

from    the    uterus    of  a    young 

vbo  wiA  iu!cident&l]y  killed  tliroe 

BT  djiyt  before  the  expocted  appeur- 

I  of  tlte  metxtrujU  dow. 

*-Q>i«».  the  widest  circles  of  the  two 

meeting  fnim  opposite  sides 

'    middle  of  the  uterus.     In 

*-l4f2  luwer  part  of  the  l>ody,  and  in 

Jfebe  ctirrix  the  inteniul  tibrea  rnn 

[  tiansvcreelj.     They  form  tlie 

Jled  Bphincters  of  the  os  in- 

^Itomm  and  os  exteriiura.    At  the 

'leek,  however,  there  are  also  longi- 

Mitml  fibres  within  the  transveree. 

CVtwffi, — As   regard*  iia   inner 

or  cerium  the  mueoiis  meni- 

1  UniDg  the  ctivity  of  the  hwly 

I  preatly  from  that  of  the  cer- 

\  distitict  line  of  demarcation 

liog  the  two  parts  at  the 

s  mucous  membram  ofths  Imitf 
of  the  u  terus  is  smcKjth^  execpt  d  uri  ng 
the  meiistmal  period, and  in  the  un- 
tmpregaated  state  is  entirely  devoid 
of  riilges;  it  is  of  a  {K'culiar  soft 
•ponifv  consist^'ucn  and  of  a  dulL 
Idtah  cdoiir. 

Under  the  microftcopo  it  appears 
[jpoacf]  in  gr^^t  mca^^ure  of  gmall 
loundod,  itf»iiidk*-«hHjK?d,  or  irrt!::ju- 
cell  'Ef-d  in  a  homogene- 

Ijr^  4ance  and  with  but 

few  cotint!cUve  tissue  fibres  (figs. 
[>,  CIU).  According  to  lA^omUl^ 
revef,  there  are  BumeniUH  hbres, 
tht*y  form  a  sj)ongewi>rk  with 
Imphutic  S{kkm:'8  in  the  meshea* 
Thtf  inner  surfaee  is  everywhere 
corered  by  columnar  cihated  epi- 
tbcljnm,  and  is  beset,  but  st>me- 
what  spftringly^  by  the  orifiG<*s  of  the 
aterine  glands  (fig.  6 1 0,  b) .  These 
which  were  discovered  by  Sharpey, 
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are  Bimple  tubes  bounded  by  a  basement  membrane  and  lined  with  ( 
col unmar  cells  like  those  coveriug  the  inner  siirfaoe«  Th«y  paMi 
obliquely  and  often  i^ith  an  irre^ar  or  convoluted  course  into  tbe  < 
part  of  "the  mucous  niembmue,  and  there  teiininate  by  blind,  son 
forked  extremities,  which  are  situated  amongst  the  bundles  of  thti 
laris  mucosae.  Towards  their  extremities  the  uterine  glands  art  ( 
filled  by  cells  (fig.  OlO*  h)^  but  in  the  greater  part  of  their  extent  i 
present  a  distinct  lumen. 

The  membrane  of  ihs  cervix  is  much  firmer  and  more  fibrous  than  dnl  I 
of  the  body.  Between  the  Tugx  of  the  arbor  viim  there  arc  niinKni©-| 
aaocular  and  tubular  fi:land3.  In  the  hiwer  part  of  the  cervLx  the  moecoi f 
membrane  is  beset  with  vascular  pa  pi  lite,  and  the  epithelium  is  stratiW, 
but  in  the  upper  half  or  more  the  cpithLlium  is  columnar  and  * 
like  that  of  the  body.  The  glaods,  which  are  short,  with  a  large  h 
arc  everywhere  lined  with  cohinmar  ciliated  epithelium,  even  wbcitliel 
epithelium  of  the  surface  is  stratified.  Besides  the  follicalar  glambt' 
are  also  the  so-called  ovuh  Nohoihi,  clear  or  yellowish  Tesicles  of  \ 
size,  but  visible  to  the  naked  eye,  embedded  in  the  membrane, 
may  arise  frrjra  closed  and  distended  follicles  ;  but  their  exact  a 
fltiil  doubtful. 

During  pregnancy  the  mncx>us  glands  of  the  cervix  secrete  a  ( 
able  quantity  of  tenacious  mucus,  which  efeotually  closet  Ibd 
downwards  Irom  the  uteriue  cavity. 

The  surface  of  the  os  uteri  is  covered,  like  the  ragiiiAl  \ 
with  stratified  epithcHum  which  conceals  the  vascular  p^lfa*^ 
destitute  of  glands. 

Ligaments  of  the  utebub. — Where  the  peritoneum  is  reAodidlMi 
the  uterus  to  the  bladder  in  front,  and  to  the  rectum  behind,  it  foraii|ii 
each  position,  two  semilunar  folds,  named  respectively,  the  vfM^-^iimm 
and  the  recU-nierme  fohh^  or  sometimes  the  cmtirwr  and  the  f$^krm 
lyammts  of  the  uterus. 

The  i/road  iif/ammt^  (figs.  603,  OOSX  are  formed  on  each  sideljaipli 
or  double  layer  of  the  pentonemi],  which  la  directed  latemlly  outwmrasfroB 
the  anterior  and  posterior  surfaces  of  the  uterus,  to  be  cotuiecl«d  «ib 
the  sides  of  the  pehnc  cavity.  Between  the  two  layers  of  tbederoains* 
brane  are  placed,  firstly,  the  Fallopian  tube,  which  nins  along  dw  nfft 

margin  of  the  broad  ligament ;  secondly,  the  round  li: -*.  which  li 

little  farther  down  and  lies  anteriorly  ;  thirdly,  on  tl  ori     " 


a 


the  ovary  and  its  lignnient,  which  lie  in  a  special  extensiun  of  Hm  B^ 
mentum  latum  ;  and,  lastly,  throughout  the  gn^ter  part  of  ibt  hiJ 
ligameut,  blood -vessels,  lymphatics,  and  nerves,  with  fibra  initw#f 
from  the  6U[»erficial  muscular  layer  of  the  uterus.  The  U^mmi^^ 
ovary  is  merely  a  dense  fibro-areolar  cord,  containing  some  ulerilit  ■•^ 
cular  fibres,  and  measuring  about  an  inch  and  a  half  in  leogik,  vlvA 
extendi  from  the  iuuer  (or,  in  the  natural  position,  lower)  eod  rf  Ar 
ovary  to  the  upper  angle  of  the  ntems,  which  it  joins  immedijitolylMldBl 
and  below  the  point  of  attachment  of  the  Fallopian  tube  ;  it  caoitf  * 
elevation  of  the  [losterior  layer  of  the  serous  membrane,  aod^  tofftkff 
with  the  ovary  itself,  forms  the  lower  limit  of  a  triao^ular  pofticiii  d^ 
broad  ligament,  which  has  been  named  the  ala  V€^mrt$Uo9m  or  liitTir*^ 

The  rmmd  iujammis  are  two  fiat,  cord-like  bundles  of  fihrait  \ 
four  or  five  inches  in  length,  attached  to  the  upper  angfes  ol  tkt  \ 
one  on  either  side,  immediately  in  front  of  tne  FUJopim  tobib 
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oint  each  ligament  proceeds  upwards,  outwards,  and  forwards,  to 
be  internal  inguinal  ring,  and  after  having  passed,  like  the  sper- 
oord  in  the  male,  through  the  inguinal  canal,  reaches  the  fore  part 

pubic  symphisis,  where  its  fibres  expand  and  become  united  with 
betancc  of  the  mons  Veneris.  Besides  areolar  tissue  and  vessels, 
ond  ligaments  contain,  chiefly  in  their  inner  third,  plain  muscular 

nrhich  are  prolonged  into  them  from  the  outer  muscular  layer  of 
erine  wall.  Each  ligament  also  receives  a  covering  from  the  peri- 
n,  which,  in  the  young  subject,  projects  under  the  form  of  a  tubular 
m  for  some  distance  into  the  inguinal  canal ;  this,  which  resembles 
ooessus  vaginalis  originally  existing  in  the  same  situation  in  the 
18  named  the  canal  of  Nuck ;  it  is  generally  obliterated  in  the 

lut  is  sometimes  found  even  in  advanced  life. 


u — ^The  arteries  of  the  uterus  are  four  in  nnmber,  viz.,  the  right  and 
s»  (which  correspond  to  the  spermatio  of  the  male)  and  the  uterine. 
ftxigin,  as  well  as  the  mode  in  which  thej  reach  the  nteros  and  ovaries,  has 
IcMribed  in  the  first  volame.  Thej  are  remarkable  for  their  frequent 
■noBee,  and  also  for  their  singnlarlj  tortuous  course.  After  passing  a  short 
ae  into  the  thickness  of  the  uterine  wall  thej  divide  into  branches,  which 
mtt  the  muscular  tissue  of  the  mucous  membrane,  supplying  it  with 
kxjes,  and  then  pass  towards  the  inner  portion  of  the  membrane  and  open 
network  of  large  capillaries  which  pervades  the  tissue  in  that  situation. 
"«  espedallj  developed  near  the  surface  and  around  the  glands.  In  the  cer- 
owever,  and  especiaUy  in  the  vaginal  portion,  the  arteries,  which  in  this 
Im.  possess  walls  of  considerable  thickness,  after  entering  the  mucous 
nne,  divide  into  a  number  of  small  branches  which  pass  directlj  towards 
dfaoe  and  open  into  the  capillary  network  there  present,  from  which  loops 
Into  the  papillas.  The  reins  correspond  with  the  arteries ;  they  are  very 
and  form  plexuses  of  sinus-like  vessels,  with  thin  walls  in  immediate  con- 
rith  the  uterine  tissue.  The  lymphatics  commence  according  to  Leopold  as 
Uke  spaces  in  the  mucous  membrane,  but  there  are  also  well-marked  lym- 
)  vessels  extending  as  a  plexus  through  the  whole  thickness  of  the  mem- 
(Hoggan).  These  open  into  plexuses  of  vessels  in  the  muscularis  mucosae 
mseolar  coat  proper ;  and  these  again  are  in  commtmication  with  valved 
I  beneath  and  in  the  serous  covering. 

rwmm, — The  nerves  are  derived  from  the  inferior  hypogastric  plexuses^  the 
wHc  plexuses^  and  the  third  and  fouHh  sacral  nerves.  They  consist  of  both 
Imted  and  non-medullated  fibres,  and  in  animals  smaU  gtmglia  have  been 
ned  in  the  submucous  tissue,  connected  with  the  non-medullated  fibres. 
Iodic  atmctnral  chanffes  in  the  Uterus. — ^The  change  which  accompany 
mation  and  gestation  may  be  shortly  indicated  here. 
mch  successive  recurrence  of  menstruation  a  complete  removal  of  the  super- 
pAit  of  the  mucous  membrane  takes  place  by  a  process  of  softening  and 
alar  disintegration  which  commences,  along  with  the  menstrual  discharge, 
bo  the  cervix,  or  at  the  os  internum,  and  advances  progressively  towards 
imdus  during  the  remaining  days  of  the  flow  of  blood  (J.  Williams). 
m»  to  this  change,  there  is  a  greatly  increased  general  vascularity  of  the 
And  the  mucous  membrane  becomes  very  much  thicker.  The  process  of  dis* 
mtion  reaches  as  far  as  the  inner  fibres  of  the  muscularis  mucossB  ;  and  the 
xliage  is  the  direct  result  of  the  destruction  and  open  condition  of  the 
rowels. 

process  of  restoration  of  the  uterine  membrane,  which  begins  even  before 
Mation  of  the  menstrual  flow,  proceeds  in  the  same  order,  from  the  lower 
pfwaids  to  the  fundus,  and  consists  in  a  very  rapid  proliferation  of  the  cells 
oolei  which  occupy  the  interstices  of  the  inner  muscular  fibres,  and  among 
I  arw  embedded  the  deepest  parts  of  the  utricular  glands.  The  lining  mem- 
of  the  oenriz  does  not  participate  in  the  changes  referred  to. 
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In  gutation  more  extenmye  alterations  ensue.  Hie  we^glit  of  tit  t 
increases  from  abont  one  oonce  to  a  poond  and  a  half  or  even  tibzw  poak 
colour  becomes  darker,  its  tissae  less  dense  and  itsmnscnlar  bnndletuMnii 
A  very  great  increase  takes  place  in  the  mnscolar  tissne,  this  inavMi  i 
mainly  the  result  of  the  enlargement  of  the  already  existing  elcmfiti,  til 
becoming  enlarged  to  the  extent  of  from  seven  to  eleven  times  in  k^gl 
from  two  to  five  times  in  breadth  (EoUiker).  A  formation  of  new  mDiI 
said  to  occur  mainly  in  the  innermost  layers,  and  to  continue  until  tb 
month  of  pregnancy,  when  it  ceases.  The  round  ligaments  become  < 
their  muscular  structure  more  marked  ;  the  broad  ligaments  are  4 
by  the  intrusion  of  the  growing  uterus  between  their  layers.  Thit 
brane  and  the  glands  of  the  body  of  the  uterus  undergo  an  enlirfMiMl 
similar  to  that  which  precedes  menstruation,  and  they  gabseqnently  1 

Fig.  611. 


Fig.  611. — Outlines  op  moulds  of  the  utbrihe  cAvrrr  ni  ofFFimnrr  ms 

F.  Guyon).     Natural  size. 

A,  in  a  virgin  of  17  years  of  age  ;  B,  in  a  woman  of  42  years  who  bad  i 
children  ;  C,  in  a  woman  of  35  years  who  had  borne  children  ;  6,  carity  of  ike 
that  of  the  cervix  ;  t\  the  isthmus  or  os  internum  ;  o,  os  externum ;  I,  peas^ 
upper  angle  into  the  Fallopian  tube. 

seat  of  peculiar  changes,  to  be  more  particularly  statca  under  Derd 
whilst  tlic  membi*ane  of  the  cervix  loses  its  columns  and  rugax  The  bloo 
and  lympliatica  arc  greatly  enlarged,  and  it  is  observed  that  the  artena 
exceedingly  tortuous  as  they  ramify  ujwn  the  orgnn.  The  nerve*  also 
considerable  increase  in  nize. 

After  parturition,  the  uterus  gradually  but  rapidly  diminishes  till  it  rcf 
size  and  Htnicturo  of  the  unimpregnatetl  condition.  During  this  chi 
enlarged  muscular  fibres  undergo  fatty  degeneration  and  are  said  to 
subse<iuently  absorl>e<l,  while  a  new  set  of  fibre-cells  is  developed,  i 
first  pregnancy,  however,  the  organ  never  regains  ita  original  virgin  c 
In  those  who  have  had  children  it8  weight  usually  remains  from  two 
«)unces ;  its  cavity  is  larger  (fig.  fil  1 ,  C) ;  the  os  externum  is  wider  and  more 
and  its  margins  often  puckered  or  fissure*!  ;  the  arteries  continue  moch  i 
tuous,  and  its  muscular  fibres  and  layers  remain  more  defined  than  in  th 
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^^Jli.ani'es  l^m  Aire.— In  the  iDfimt,  the  neck  of  the  ntems  is  lai^er  than  the 
;  the  fundus  is  not  distinguijjhed  either  by  breadth  or  csonvexity  of  outlinej 
the  cavity  ia  remarkably  narrow,  and  tapers  ont  from  the  middle  on  both 
w  as  to  present  an  approach  to  the  two-homed  form  prevalent  in  animalA. 
*  pait«  afterwards  enlarge  gjaduallj.  until,  at  puherty,  the  pyriform  figure  of 
^iromb  is  fully  established  (fig*  611.  A.)  The  arbor  vitao  ia  very  dii^tinct,  and 
1  at  ibst  reaches  npwaid  to  the  highest  part  of  the  cavity.  The  Bhape  of  the 
ty  of  the  body  Taries  also  in  after  life  ;  bat  it  remains  comparatively  narrow 
'^^  t^»  the  a^  of  puberty,  and  retains  the  same  form  to  a  je^roat  degree  in  all 
^■■«>«ti.«n  who  have  borne  no  children  (B).  It  is  chiefly,  therefore,  in  those  who 
^^"^^  been  pregnant  that  ita  form  is  widely  triangular  (C). 

^Viom  the  gradual  effects  of  more  advanced  age  alone ^  independent  of  impreg* 
.  the  uterus  shrinks,  and  becomes  paler  in  colour,  and  harder  in  texture  ; 
^zriangolar  form  U  lost ;  the  body  and  neck  become  lesa  distingmshablo  from 
2li  other  ;  the  orifices  also  become  le«a  chftracteristic. 

^Kmlfonxiatlona. — The  uterus  is  subject  to  numerous  congenital  malformatio&Sf 

lly  in  connection  with  abnormal  conditions  of  the  other  genital  organs. 

will  be  referred  to  under  Development.    As  a  malformation  affecting  the 

I  itself  may  here  he  mcniioned  the  more  or  less  double  or  divided  state  of 

avity,  produced  by  the  prolongation  of  a  septum  downwards  into  it  from 

\  #itiidtta*    This  is  sometimes  only  partial  and  confined  to  the  upper  part  of  the 

while  in  other  instances  it  involves  the  whole  cavity  or  also  that  of  the 

c ;  ftod  even  extends  through  a  part  or  the  whole  of  the  vagina. 
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THK     FAIiljOFIAIf     TUB11& 

tabes  may  be  considered  m  ducts  of  the  ovaries  (oviducts)  and 

to  convey  the  ovum  from  thence  into  the  uterus.     They  are 

SB  already  giated,  in  the  free  margin  of  the  brtjad  hgaments, 

^ftd  am  between  three  and  four  inches  in  length.     Their  inner  or 

^tticbed  extremities,  which  proceed  from  the  upper  angles  of  the  uterus, 

trt  sairow  and  cord-like  (fig.  G08,  od) :  but  they  soon  begin  to  enlarge, 

md  proceeding  outwards,  one  on  each   gide,   pursue  an   undulatory 

oonne,  and  at  length,  having  attained  the  width  of  alwut  a  sixth  of  an 

iatk  or  more  (»),  they  bend  backwards,  inwards,  and  downwards  towards 

the  ovary.    About  an  hich  beyond  tliis  they  terminate  in  an  expanded  ex- 

tiemity,  the  margin  of  wbich  is  divided  deeply  into  a  number  of  irregular 

proocaaei  named  fimhim  (fi) ;  one  of  these,  somewhat  longer  than  the 

rcit,  ii  attached  to  the  upper  end  of  the  corresponding  ovary  (fig.  603). 

Tbe  wide  and  fringed  end  of  the  Fallopian  tuJx%  or  himpei,  as  the  term 

••  mbgi "  literally  signifies,  is  turned  towards  the  ovary,  and  is  named  the 

jImMaiid  $a:tTefnihj  (momiis  diaboli).     In  the  midst  of  these  firabriae, 

wfaidi  are  airanged  in  a  radiated  miinner,  the  tube  itself  opens  by  a 

focind  oonstricted  orifice  (fig,  601^,  4)»  osiium  nlnhmumh^  placed  at  the 

bottom  of  a  sort  of  fisHure  leading  from  that  fringe  which  is  attached  to 

Ihe  ovary.     It  is  by  this  orifice  that  an  ovum  is  received  at  the  time  ol 

ita  liberation  from  the  ovary,  nnd  is  thence  conveyed  along  the  tube, 

which  naiTOwa  very  much  towards  its  uterine  extremity,  and  opens  into 

the  womb  by  a  minute  orifice,  admitting  only  a  fine  bristle,  and  named 

miium  %thrintnn.    The  canal  becomea  ffradnally  larger  towards  ita  ab- 

dinntiial  orifice,  where  it  is  again  somewnat  contracted  :  beueo  the  t^rm 

tattmitt,  given  by  Henle  to  the  uterine  half,  and  ampulla  to  the  outer 

half  of  tte  Fallujiian  tube*    A  second  smalJer  fimbriated  opening  not 

imfrcquently  occurs  at  a  short  distance  from  the  main  one. 

Benetttli  the  external  or  peritoneal  coat  the  walk  of  the  tul^c  contain, 

areolar  tissue,  plain  muscular  fibres,  arranged  in  an  external 


\  tiim 

imiffrA 


HSF^rtKb  nterns,  "coinmnar  and  ciimt-ed  ;  the  mne 
fimbrise  is  also  provided  with  cilia,  ou  tlieir  outer  or 
passes  iuto  the  pavement  epithelium  of  the  peritoneal  ii 
aoes  not  appear  that  there  are  glands,  as  was  at  one  tiiiM 
the  mneous  membrane  lining  the  Fallopian  tubes. 

Beoent  Literature.  —On  the  ttructuro  of  Ike  ulerofl  : — Li\ 
Ark.,  18€7 ;  Mdii,  Eech.  sur  la  dlepoa.  des  fibzea  muie.  kc^  ^^^^l  ^ 
Strieker'*  Hand  ^KK^k,  1871 ;  Lott^  Atmi.  u.  Phys*  d.  oerrix  uteri, 
in  liLndzert'K  ikitr,   St*    Pet4»reb.,    1872  (musculatiir^) ; 

XIII. ;  ^S'cAijf,  in  Wien.  m&l.  JalirK,  1872  (round  hgameni) ;  /,      

1873— 1S76,  nad  Proc.  R.  S.,  1874 ;  Kundrai  u.  Q,  /.  Eng^kmmn^  m  W 
1873;  ffagcmann^  in  Arck  f.  Gynak.  V.  ;  Le&pold^  in  Areh.  1  Gy 
(Ifmphatica))  and  XL  and  XII.  (str.  of  muc  membr.y;  Eliteker,  in  Are 
(mnsctilar  tuuiae  md  nenres) ;  O.  ffqgkunnnf  in  ArcL  £.  Anat.,  1S7< 
fFpder,  in  Arch.  f.  Oynttk.  XIII.,  1878;  EUenberfftr,  in  Arch.  f.  TI 
MienQcvtl-i,  in  Jonm.  de  lanaL^  1879  (]juipliati(s};  Bitndl^  in 
(cerrix  uteri) ;  Klotz,  Gyntik.  Studicn,  Ac,  WieD,  1879  (eernx  nteri)'; 
tralbi  f.  Gyn.,  1880  (nerves) ;  VeU,  in  Zeit*«hn  t  GebnrtolL  Y.^  If 
0.  and  i^.  j^.  Hoffman,  in  Jo  urn.  of  Anat.,  1881  (lymphatic*]. 

On  the  position  and  form  of  tbo  uterui : — Oujfon^  CaTlt^  de  rUl« 
la  Physiol.  IL  ;  /.  WUitams^  Thi}  Physiological  Changes  in  the  PoAiiiiii 
1873  ;  Braxton.  Nicks,  in  Brit.  Med.  Jonm.  1876  ;  B.  S.  Sekultat^  m  i 
1870,  nn<l  Cenimlbl.  t  Oyn.  1878  ;  Fmnkenhaturr^  in  CgiT«spand.-W 
anst«  VI.  1876 ;  Fiimt,  in  Ta^ebL  d  i9,  Veraamml.  Deatecb.  Ante,  U 
in  Z.  f.  Geburtsbiilfe  1.  1876  ;  SckrSder,  in  A,  f.  Gyn.  IX,  1*76 ; 
Anat,  d.  Stcnl,,  Bpannsw,,  1878;  Hack,  Dim..  Dorpat,   1877; 
Gyn.  XIII.  1878  ;  i/i^,   Ue.  Prep*  «.  Situs  Visoenini  in  A.  t  AnaL 
in  Araer.  Jonm.  of  Obstet.,  1878   (contains  very  complete  llt^ 
in  Edinb.    Med.  Joura.  XXIV.  1879  ;  KuHner,  in  A.  f.  Gyn.  XV.  J 
Pract.,  187&  j  Eoclt,  Lage  d.  Uterus,  Bonn,  1880.        

On  the  FaUopiaa  tubes  :—Hennifj,  in  A.  d.  Heilk,  XYIIL  1877» 
Xin.  1879. 

THE    OVAHIES* 

The  OTaxiea  are  two  somewhat  flattened  oval  bodiee^  i 
one  on  each  side  of  the  pehis,  enveloped  in  the  (toster 
broad  ligament  of  the  uterus.     The  weight  of  each  is 
hundred  grains,  and  they  usually  measure  about  one 
length,  three  quarters  of  an  inch  in  width,  ftod  aaeiiiy 
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97  run  CAT  Cfr«m 

)•   ! 

orering  and  free 
Uie  OTaiy  ;  1', 
mder;  2,  the 
iftnsteaioA,  pre- 
vont  aiid  tmcq- 
I ;  3,  peripbeml 
blood'TeMeli ;  5, 
lUctcs  in  their 
n  lying  Dear  the 
ii  7»  Sf  more 
"  vhich 
id  mum  deeply 
Ift  t  0,  an  almost 
lid«  eonlaiiuiig 
ta  itfl  dc«{ieil 
a  foilidd  firom 
iTvm  has  aoddeittallj  escaped  ;  10,  oorpoji  laletun* 

I,  state*  that  the  OTary  is  natunklly  vertical,  wiUi  its  free  border  turned 
.  It  freqaently  happens  that  the  utema  ia  inclined  aomcwhat  to  one 
jliea  the  lower  end  of  the  opposite  OTaiy  ia  drawn  Inwarda  to  a  ocr- 
^dj^gyee,  BO  that  the  oigan  assumes  a  more  traasrerBe  positioii 
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paiosDiiro  riouRK,  vofta  biqhlt  MAO^tWTE'D  {from  SchToa). 
limn  and  outer  covering  of  the  orary  ;  2,  fibroas  stroma ;  3,  3',  leaa  fibrooa, 
licia]  stroma ;  4,  blood 'Tcsaela;  5,  small  Gmafiaa  follicles  near  the  8aT6Mtt  ; 
deeply  placed  ;  7,  one  farther  developed,  enclosed  by  a  prolongatinB 
8.  a  follicle  farther  advanced  ;  6\  another  which  is  imigiilatty 
;  1^^  put  of  the  largest  follicle  ;  a,  tunica  grantiloea ;  b^  diacua  pxol^SB'iit ; 
aal  vende ;  fj  ^ermjnai  fpot. 
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Stmctnre  of  the  ovary. — The  ovaiy  consists  of  stroma,  cozmI 
.of  connective  tissue  with  blood-vessels,   nerves,   and  plain  mi 
fibres,  and  it  has  an  outer  epithelial  covering,  in  which  are 
Graafian  follicles  containing  ova. 

Epithelium  and  stroma. — The  external  snr&ce  of  the  ovaijill 
whitish  colour,  and  in  early  life  is  comparatively  smooth  and  era;  M 
in  later  life  it  becomes  more  uneven  and  is  marked  by  pits  and 
It  is  covered  by  an  epithelium  which  differs  from  that  of  theperiaw 
in  being  composed  of  pyriform  or  columnar  cells  :  and  the  soracelii 
dull  appearance  as  compared  with  the  shining  smoothness  of  the«l 
membrane.  A  distinct  line  of  demarcation  exists  around  the  attaW 
of  the  ovary,  where  the  two  kinds  of  epithelium  pass  into  each  rtk 
This  ovarian  epithelium  is  the  remains  of  the  germ-epithelm  f^ 
which  the  ova,  and  probably  the  other  cells  within  the  Graafiail' 
licles  have  been  developed  in  the  embryo.    Here  and  there  are  oca» 
ally  to  be  seen  amongst  the  ordinary  epithelium-cells,  others  whi-ii 
much  enlarged  and  of  a  spherical  form.  These  are  primitive  OTa,adi 
to  those  from  which  the  permanent  ova  are  formed  in  the  foetm  li 
young  subject,  and  it  is  probable  that  even  in  the  adult  the  fona« 
of  ova  from  cells  of  the  germ-epithelium  may  proceed  to  someenat 
Within  the  epithelium  a  firm  layer  of  fibrous  tissue  encloses  al!i 
deeper  parts.    This  has  been  compared  to  the  dense  fibrous  coraii?' 
the  testicle,  and  thence  named  tunica  albuginea  ovarii,  but  vii^ 
sufficient  reason,  for  it  is  not  a  distinct  tunic,  and  is  in  fact  so  aa 
than  a  condensed  part  of  the  ovarian  stroma. 

The  stroma  is  chiefly  composed  of  a  fine  connective  tissue,  in  «ii| 
the  cells,  many  of  which  are  spindle-shaped,  are  remarkably  abunuan:  fif 
distinct.  Besides  the  spindle-shaped  cells,  others  are  met  with  lio 
closely  resemble  the  interstitial  cells  of  the  intertubular  substance  rf* 
testis.  Like  these,  they  have  a  polyhedral  or  irregular  shape  and  vfi* 
a  yellowish  colour,  and  they  are  chiefly  found  accompanying  the  JW 
vessels,  although  in  older  ovaries  they  may  be  very  eitensivelydiW 
throughout  the  stroma.  The  stroma  also  contains  elastic  tiafi-oe,  m 
is  permeated  by  blood-vessels,  which  are  large  towards  the  hito** 
in  the  centre  of  the  ovary  where  the  tissue  is  more  fibrous,  and  becj 
ip-adually  smaller  towards  the  surfece.  Along  these  Uood-nP 
in  the  deeper  part  of  the  ovary  bands  of  muscular  fibres  ran,  W 
entered  from  the  broad  ligament ;  but  it  is  uncertain  whetha:  th?* 
tend  into  the  more  supei-ficial  parts  of  the  ovarian  stroma.  AcoorfBj* 
some  authorities  the  spindle-shaped  cells  which  characterize  the  «*• 
stroma  are  also  of  muscular  nature. 

There  is  a  general  radial  disposition  of  the  bands  of  stroma  to^ 
hilus  towards  the  surface. 

Graafian  Follicles. — Immediately  under  the  superficial  cov«ffl{^ 
the  ovary  there  is  a  layer  of  stroma  somewhat  different  from  the  tep, 
parts,  and  which  is  so  uniformly  spread  over  the  organ  as  tohaveiecfl[* 
the  name  of  cortical  layer.  This  is  particularly  obvious  in  the  ovar** 
some  animals  (iig.  G12,  5)  and  of  young  children,  in  whom  tbislig 
is  comparatively  thick,  and  to  the  naked  eye  its  api.>earanoc  is  gnffl«* 
from  the  accumulation  in  it  of  an  immense  number  of  dceelr  K 
small  vesicles,  constituting  the  early  condition  of  the  ovarian  or  Grifii 
follicles  with  their  contained  ova.  Embedded  more  deeply  in  d 
substance  oi  \i^c^  on^t^  ^^  ^i^^tl  ^\k^T  lox^r  and  less  numeroas  fc^ 
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Dg  sfe»  the  largest  being  also  the  most  deeply  seated.  The  rery 
io^-ever,  wliich  are  approach mtr  matority,  eventually  reaf:h  the 
igaii^  owing  to  their  beiu^  gradually  mure  aud  more  distended 
id,  and  may  there  ha  seen  projecting  somewhat,  in  the  form  of 
mc1g&,  <Tom  one-twentieth  to  one-sixth  of  an  inch  in  diameter. 
hese  are  punctured  or  rupturetl  a  drop  of  clear  tluid  (liqum' 
eflcapes,  carrying  with  it  the  minute  oviun  siirroundtd  by 
nnlatiOQ  of  the  epithelium-cells  of  the  follicle,  known  us  the 
woUgeriiS.  Eupture  of  a  Graafian  vesicle,  or  it  may  be  of 
mn    one,   occurs    in    healthy    femalea    at    or    before    every 

Tig.  614. 
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4. — ^SlCTIOlf    Of    THE    OVARY    Of   A  miirLT-llORJr    CEILI).       ElGHLT    MAOSIPIED 

(Waldcyer), 

an  or  germttia]  tpithcUiim  ;  //,  fonnation  of  on  ovarioii  tiil>e  ;  r,  r,  pnmoi'dial 
n  ike  geam^piiheliam  ;  d^  d^  longt^r  tu}>e  bencoming  constrkted  io  as  to  fonn 
Ik;  e,  e,  hrgei  nestB  ;  /»  diaiiiiGtlj  fonned  falUcle  with  omm  and  epitlieliiim  ; 

e  menstrual  period.  After  the  discharge  of  its  contents,  the 
id  collapeed  Graafian  follicle  becomcj^  filled  with  a  peculiarly 
yellow  tissue  and  eonstitutcs  a  body  termed  f&rpus  hdvum, 
pregnancy  occur,  this  body  nndergoes  a  considerable  develop- 
licb  h  maintained  during  the  gR'ater  port  of  the  time  of  utero- 
1.  Bat  in  the  nnimijregnatcd  "female  the  corpuift  lutcuju  begtua 
fade  within  ten  or  twelve  days  after  its  commencement,  and  after- 
rinks  and  ultimately  disappeara  Other  follicles,  especially  before 
the  child-bearing  period,  may  after  iidvancing  to  a  c-ertain  stage 
jpment  undergo  a  retrograde  metamorphosis,  their  contents  be- 
>rokeD  up  and  liquefied  and  their  walls  collapsed  and  convened 
in-Tascular  homogeneous  membrane.  Follicles  in  this  condition 
)i  all  unfrequent  in  the  deeper  parta  of  the  ovary  (fig*  <j1^»  ^)* 

ition  to  Graafian  foHiclea  in  various  stages  of  development  and 
ion^  there  may  also  occasionally  be  seen  in  sections  of  the  adult  oTBjrjr 
aaiij  in  tiiat  af  the  joang  subject,  corda  or  tubes  cQm^OBc^  ol  xQ\a^«^J 


118  THE    OVAEEES. 

or  polyhedral  cellB,  sometiineswitli  developing  ova  imbedded  amongit  dii 
cells.    These  cords  may  be  in  continuity  with  the  germinal  epithclioaf 
may  be  altogether  cat  off  from  it.    Others  occnr  which  are  partiallTaH 
into  rounded  nests  of  cells  by  growth  of  the  stroma  across  the  cords,  ad  i 
nests  or  groups  are  found  entirely  separated,  and  with  or  without  a  i 
ovum  in  the  centre.    It  is  from  these  nests  of  cells  that  the  Gnafin  5 
become  developed,  but  the  mode  in  which  this   occurs  and  Hso  tbe  c 
which  the  primitive  ova  undergo  in  becoming  converted  into  the  poiartl 
ova,  will  be  described  in  the  Chapter  on  Development. 

Stmctnre    of  the  Graafian   follicles. — ^The    smallest  Gndtl 
follicles  have  no  proi>cr  wall.    They  consist  merely  of  a  angle  imi 
imbricated  flattened  cells^  immediately  investing  the  oontamed 
In  section,  the  cells  look  spindle-shaped  in  the  hnman  subject,  alj 
very  unlike  the  cells  of  the  ovarian  stroma,  so  that  they  wee  " 
Foulis  to  be  derived  from  those  cells  ;  but  the  obscrvationB  rf 
and  others  upon  the  lower  animals  tend  to  coufiiin  the  Tiew  vUii 
first  stated   by  "VValdeyer   that,  like  the   ova   themaelTes,  thw  (. 
thelium-cells  of  the  follicles  are  originally  derived  from  the  kbW 
epithelium.    These  smallest  follicles  are  very  niunerons,  especb^iiii 
young  subject ;  indeed,  it  has  been  computed  that  in  theonmiiifi 
female  child  at  birth  there  cannot  be  fewer  than  70,000  of  them.  Ki 
is  the  case,  a  large  proportion  must  degenerate  and  XgafpeuwM 
coming  to  maturitv.     Their  size  is  about  -r^th  of  an  indu 
I  In  follicles  which  are  a  little  larger,  and  situated  somewhat  more  bjf 

in  the  stroma,  the  epithelium-cells,  although  stOl  in  a  single  IaTff.c 
no  longer  flattened  but  cubical ;  a  memhrana  propria  or  Ittsas 
membrane  can  be  detected,  and  the  layer  of  stroma  next  to  thefoDiiii 
beginning  to  be  somewhat  differentiated  from  the  rest  bo  aa  to  to 
special  fibrous  wall  to  the  follicle.  In  others  again  a  second  lajo'cfc^ 
is  beginning  to  be  formed  or  may  be  found  entirely  formed  withii 3 
first,  and  of  the  two  layers  thus  produced,  one  immediately  inTCffii 
I  ovum,  and  the  other  lines  the  wall  of  the  foUicle.    The  former  fi» 

I  beginning  of  the  discus  proligerus,  and  the  latter  of  the  fliffSf* 

granulosa.    The  cells  of  both  layers  soon  become  columnar. 

In  most  animals  the  second  or  inner  layer  of  cells  appears  to  be  fonsei^ 
^  division  of  the  cells  of  the  first  formed  layer,  bat  in  the  rabbit  the  app*^ 

which  are  observed  appear  to  j  ostify  the  assumption  that  the  inner  layer  ii  bo^ 
I  at  the  expense  of  the  peripheral  part  of  the  ovum  itself  (EJLS.).  I 

In  follicles  which  are  still  larger,  fluid  is  seen  to  be  a<%iiniii^  I 
between  the  two  layers  of  cells,  and  thus  to  distend  the  follicle.  IS  ^ 
collection  of  fluid  is  absent  at  one  part,  generally  that  which  is  ffii^ 
away  from  the  surface  of  the  ovary,  so  that  here  the  cells  which  fSfsm 
the  ovum  are  in  continuity  with  those  which  line  the  follicle,  Mi '^ 
ovum  is  thus  in  a  manner  attached  at  this  place  to  the  wall  of  the  ioS* 
(see  fig.  G13).  In  the  largest  follicles  the  chief  difference  in  the  codW 
of  the  Ibllicle  consists  in  the  far  greater  accumulation  of  the  liquor  foffii 
and  in  the  multiplication  of  the  epithelium-cells — both  those  which  ft 
the  follicle  (mcmbrana  granulosa)  and  those  which  invest  the  ovum  (di«s 
proligerus)— so  that  each  of  these  parts  consists,  in  large  follide^ 
several  layers  of  colls,  mostly  rounded  or  irregular,  but  columnar  next  i 
wall  of  the  follicle  and  the  exterior  of  the  ovum  re8^"»ectively. 

The  larger  follicles  have  a  very  distinct  wall,  which  is  cc»'ntinuous  ir 
and  dftn\^  iiowv  Wvi;  s^xqw^j^  <i^  Mc^a  ^^^ar^^osLd  is  sepaiuble  into  t 
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^  an  iimer  oontAiningr  the  ramifications  of  the  capiDary  blood-vessels, 
are  abmidiintly  distributed  to  the  krger  follicles,  but  nowhere 
ftte  amongst  tlie  epithelluiii  ccUb  ;  and  au  outer  part  more  fibrous,  in 


Fig.  615. 


-/■^ 


Fig,  615, — Sacnoir  o»  thb  ovAftt  of  ax  aditlt  iitgh  (Waldeyer).  f 
8arai-e]itlieHi>m  ;  h,  egg-tubca  ;  c,  c,  sm&U  foUtclet ;  d,  tnore  ftdvaneed  foUiek  ; 
■eoa  pfoligerua  and  orum  ;  /,  8«oood  omm  in  the  same  fbUiete  (this  occurs  bui 
f) ;  y,  outer  tumc  of  the  follicle  ;  A,  inner  tunic  ;  {,  membran*  granuloaa ;  i,  collnpscd 
tnded  follkle  ;  K  1>lood-T«aels  ;  m,  m,  longitudinft!  and  trajujvcne  seetiotis  of  tube* 
I  pafOTarium ;  y,  involiited  portion  of  the  genn-epitlieUum  of  the  sniface  ;  2,  pWc  of 
rusiiioii  from  peritoneal  to  germinal  or  oTariaii  epithelium. 

sh  the  larger  braucbea  of  the  blood-vessels  of  the  follicle  nm,  la  bc»th 
!B  of  the  foUieuIar  wall,  the  cells  are  similar  to  tbose  of  the  jareneral 
ES,  interstitial  cells  occurring  abundantly;  but  it  ia  uncertain  whether 
5  are  any  c^41a  present  of  tiie  nature  of  inuBcular  fibres.  The  smaller 
l-ressels  running  round  the  follicle  from  IkjIow,  and  minutely  Bub- 
led  on  itg  inner  surface,  converge  towards  a  point  near  the  middle 
le  raoafc  projeotinsr  part,  e^iiled  the  stii^ma.  This  marks  the  snot 
e  the  rupture  of  the  veside  uJtimatdy  occurs,  wbeu  luW^  mafcwt^. 
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Each  Oraafian  follicle  usually  contains  only  a  single  (ma-.k 
occasionally,  though  seldom,  two  ova^  and  very  rarely  three,  li««  ■ 
observed  in  the  same  follicle.  The  structure  of  the  OTum  dk 
described  in  the  Chapter  on  Development. 

Stmotore  of  the  oorpora  lutea. — The  corpora  Intea  are  produced  ifvft 
mptnre  of  the  Graafian  follicles  and  the  escai)e  of  their  oontentBbjvkrt^ 
perhaps  be  most  correctlj  described  as  a  process  of  hypertrophy  wliidi  tkiA 
of  the  empty  follicles  undergo,  without  the  follicle  itself  sabmittiiig  toi 
responding  amonnt  of  enlargement.  The  result  is  that  the  hjperiropMi 
licolar  waU  is  thrown  into  plaits  or  folds  which  as  they  increase  in  exteot«V 
more  and  more  of  the  cavity  of  the  empty  follicle,  until  this  has  beoooairii^ 
fiUed.  The  hypertrophy  appears  to  be  chiefly  the  result  of  the  ptdSHaM 
the  polyhedral  interstitial  stroma-cells,  which  as  already  stated  ooeoriBAirf 
of  tiie  follicle  in  abundance,  and  there  is  in  addition  a  considerable  deidii 
of  blood-vessels,  which  run,  accompanied  by  fibrous  tissue,  into  tJiefolikll 
which  the  wall  of  the  follicle  is  thrown,  giving  off  capillaxies  wluekvl  | 
abundantly  in  the  folded  wall.  Meanwhile  the  irregular  deft-like  vpMiKft 
now  alone  represents  the  cavity  of  the  follicle,  as  well  as  the  opening  lariil 
from  the  rupture  of  the  f oUicle  and  by  which  its  cavity  oommimicated  lilki 
surface,  have  become  occupied  by  a  sort  of  cicatricial  fibrous  tissue,  wtitli 
stitutes  a  sort  of  hilus  for  the  follicle.  To  this  central  fibrous  band  the  * 
of  fibrous  tissue  which  accompany  the  blood-vessels  in  the  folds  of  the  iQp 
trophicd  follicular  wall  converge.  And  at  the  same  time  the  plaited  disyoiii 
of  the  wall  becomes  in  great  measure  obscured,  so  that  a  section  of  •  flo^ 
luteum,  when  advanced  in  development,  exhibits  a  fibrous  frameworfc  M 
a  somewhat  radial  disposition,  with  the  intervals  between  the  radiating  tabdi 
occupied  by  a  tissue  which  is  almost  wholly  composed  of  the  yellowidi  'ava^ 
stroma-cells.  Amongst  these  cells  are  numerous  cleft-like  lymphatic  f(A 
and  except  for  the  fact  that  capillary  blood-vessels  also  ramify  betwea  di 
yellowish  cells,  the  structural  appearances  are  not  unlike  those  which  iR  ' 
with  in  the  cortical  part  of  the  suprarenal  capsule. 

The  corpus  luteum  is  at  first  marked  off  from  the  surrounding  ovariia  ibo* 
but  after  a  time  its  limits  are  less  weU  defined,  at  the  same  time  that  n^f ' 
its  cells  wander  into  the  neighbouring  parts  of  the  stroma,  into  which  it  b^^ 
said  graduaUy  to  merge  and  in  this  way  to  disappear.  The  result  is  thaUijP 
advances,  the  stroma  of  the  ovaries  becomes  gradnaUy  more  and  monpffi^ 
with  interstitial  ccUs. 

It  is  asserted  by  some  that  the  cells  of  the  membrana  granulosa  iMiaV^* 
the  formation  of  the  corpus  luteum,  but  it  is  more  probable  that  tJuy  k>^ 
detached  and  extruded  shortly  after  t^e  escape  of  the  ovum.  The  ohut^' 
the  cells  of  the  yellow  body,  the  vascularization  of  its  tissue,  and  its  fsii\0^ 
blending  with  the  general  ovarial  stroma,  are  all  facts  which  point  V* 
derivation  of  the  corpus  luteum  from  the  waU  of  the  follicle  rather  th»  *• 
the  epithelium  which  forms  the  membrana  gfranuloea. 

Vessels  and  nerves  of  the  ovaries  and  Fallopian  tubea — ^The  OTaxiei  anv^  , 
directly  supplied  by  the  ovarian  arteries^  analogous  to  the  spermatic  in  the tf^ 
which  anastomose  freely  by  an   internal  branch  with  the  termination  d* 
uterine  arteries.    Sometimes  this  anastomotic  branch  is  so  large  that  the  a^, 
seems  to  be  supplied  almost  entirely  by  the  uterine  artery.    The  oTarian  M 
always  sends  numerous  branches  to  the  Fallopian  tube.    The  smaller  ailfl^ 
penetrate  the  ovary  along  its  attached  border,  pierce  the  proper  coat,  and  m^ 
flexuous  parallel  lines  through  its  substance.     The  veins  correspond.  fonius|i 
plexus  near  the  ovary  named  the  pampiniform  pUxu$.    The  nerve*  are  d«iw 
from  the  ova r inn  plexus ;  and  also  from  the  uterine  nerves,  which  isTanik^ 
send  offsets  to  the  Fallopian  tubes. 

Parovarium. — The  organ  so  named  by  Kobelt,  or  the  Organ  of  Ro«ninflfl 
its  first  describer.  is  a  stnicture  which  can  usually  be  brought  plainly  into  n 
by  lioldmg  ag;aAXi:&\>  \k<&  Iv^ht  the  fold  of  peritoneum  between  the  omy  a 
FaUopiaa tube  (^<^ei&  ^^.  ^^^po\  \\>cRn^s&i^8i ^t^^gsss^^^t  ocattezed  tnboleilfi 
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melj  between  the  FoUopian  tube  and  ovftiy,  lined  ^ith  epithelium^  Imt 
f  no  external  openings.  The  tnbulea  oonTerg©  towaid«  their  ovarian  end, 
main  separate  there,  whiJe  at  the  other  they  are  more  or  leta  distinctlj 
hy  a  longitudinal  tube  which  is  sometimes  of  cooi^idemble  ifse,  and 
[ted  for  some  dt^taaoe  downwards  in  the  broad  ligament.  Its  more 
led  form  in  some  animals*  aa  the  cow  and  pig,  constitutes  the  duct  of 
BT.  The  origin  of  this  reetige  of  a  fcetal  structure  will  be  more  ftilly 
1  to  under  Development.  Here  it  is  sufficient  to  state  that  it  corresponda 
dlj  to  the  epididymis  of  the  ma-le.  Vestiges  of  the  organ  ol  G^irald^  am 
i  to  be  deteoted  in  the  adnlt  female,  in  the  uhape  of  tubular  rem- 
L  in  the  broad  ligament  nearer  to  the  uterus  than  the  parovarium, 

mt  l*iter»tnrft.— Of  tlie  Ovary  t^^Wahkt/rrt  Eioratock  a.  Ei,  Leipaig,  1870^ 
L  in  Strieker's  Handtiook,  1871  ;  Momiii,  in  Arch.  f.  mikr.  Anat  X,  1873; 
%  in  Wu«b.  VerhandK,  1874  ;  Fauiis,  in  Traas.  R.  S.  E<linb,,  1874.  and  J.  of 
nil.,  1870  ;  Coil  <t'  Exner,  in  Wien.  SiUungsb.,  1874  (Grnaf.  folL  and  corp,  lut ) ; 
mttfy  in  Arch,  de  phjaiol.^  1374  (sir.  and  retrogr.  of  Qniaf.  foil.)  and  Annaloa  de 
K,  1878  ;  Exntr  «t  Bucket  ^  in  Wien.  Sitzungsb.,  1874  S  lymphatics  J  ;  Born^  in  A, 
,1374  (oTary  of  horse) ;  EUschtr,  in  Med.  Central bL,,  187^  (nerves) ;  de  iSmety^ 
^es  rend.  LXXXV. ,  1877  ;  Betdin,  Diss,,  Konigsb.  1877  (corp.  Int.)  ;  ff.  Betgd,  in 
03ni.,  XIIL  (corp.  Int.) ;  Ki«ch^  in  Arch,  f,  Qyn. ,XII.  1878  {changes  in  GlraaL 
age);  Bnlfour^  in  Quart.  Mier.  Joum.  XVIIL,  1878  j  WageneTf  in  Aroli.  t 
1879;  Patmlino^  in  Gior.  intertL  d.  scL  med.,  1879  and  1880  (oorp»  lul,)  ; 
^  in  Arch,  de  biol.,  L  1880  ;  v.  Btneda^  la  the  same  ;  Schdftr^  in  Prac.  R.  8. 
1880  ;  V,  Brunnt  in  Qott.  Nsohr.,  1880  (retrogr.  of  ova) ;  Cadiat^  tn  Jouru.  do 
IS81 ;  Schfdinj  in  Arch,  t  mikr.  Anat.  1881  ;  IfU,  Lago  der  Eierstookc,  Arch* 
■ ,  1881 ;  KiiUikrr,  Lage  d.  weibl.  inneren  Geschlcchtsorgune,  Bonn,  18S2. 
be  Diaehwrgo  of  Ova:—/.  WiUiams,  in  Pr.  R,  S.  XXUL,  1874;  //««!%,  in 
flitningsk.  1878  ;  Oalabin,  m  Ohstetr.  Jonrn.,  1879  ;  Pinner,  in  Arch,  f. 
«.)?hjmioL,  1880;  Leopold,  in  Arch,  t  Qjn,,  XVL,  1880. 
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iiaaramary  glands  (raamratie),  which  yield  the  milk  in  the  female, 
pBessory  |Mirt«  to  the  reproiinctive  system*  They  give  a  name  to  a 
Sas8  t.»f  animals  (Mammalia),  which  arc  distingfiiished  by  the  pos- 
a  of  these  organg,  Wien  fully  developed  in  the  human  female, 
brm^  together  with  the  integuments  and  a  conBiderable  quantity 
» two  ronntietl  eminences  (the  breasts)  placed  one  at  each  Bide  oo 
rent  of  the  thorax,  Thege  cxt<'ad  from  the  third  to  the  sixth  or 
th  rib,  and  from  the  side  of  the  sternum  to  the  axilla.    A  little 

the  centre  of  each  breast^  on  a  level  with  the  fourth  rib,  or 
}j  lower,  projects  a  small  conicd  lx>dy  named  the  mpple  (raammiila)^ 
i  points  somewhat  outwards  and  upwards,  Tlie  surface  of  the 
3  is  dark,  and  around  it  there  is  a  coloured  circle  or  areola,  withiu 
I  the  skin  is  also  of  a  darker  tinge  than  elsewhere.  In  the  virgin, 
parts  are  of  a  rosy  pink  colour,  ditfering  somewhat  according  to 
Dmpleiion  of  the  individual,  but  they  are  alwavs  darker  in  women 
lave  borne  children*  Even  in  the  second  month  of  the  first  preg- 
,  the  areola  begins  to  enlarge  and  acquire  a  darker  tinge  ;  these 
ed  go  on  increasing  as  gestiition  advances,  and  are  regarded  as 
to  be  relied  on  in  judging  of  8us|K^cted  pregnancy.  After  lactation 
r»  the  dark  colour  subsides,  but  never  entii-ely  disappeara.  Th© 
if  the  nipple  is  marked  wdtli  many  wrinkles,  and  is  covered  with 
B  ;  besides  this,  it  is  perforated  at  the  tip  by  numerous  foramindi 

are  the  openings  of  the  laetiferons  ducts  :'  and  near  its  base,  aa 
I  upon  the  surface  of  the  areola,  there  are  scattered  rounded  ele- 
s,  wliich  are  caused  by  the  presence  of  little  gkuda  mGi\itM3k!fiw!A. 


L.  n- 
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Pig-  510.— DttSKCTlOM  Of  THl   LOWXB   HALf  OF  THS   FIMAIJI  3 

OF  LACTATION  (from  Lu£chka).     | 
Op  Of  d,  un  dissected  fmrt  nf  the  tDAmma ;  1,  the  munmUlA  ;  2*  i 
ZDABseii  o£  fat  i  -*,  loculi  in  the  coniiectivo  tissue  whicb  supportfej  ' 
5,  three  Wtifemuii  ducts  piussitig  tovards  the  mAmiDiIIa  whc   ^ 
Blnwsca  or  aiapullu^ ;  7,  mmo  of  the  gUadol&r  labiileB  whidl  I 
atb«n  miuad  together. 


wards  towards  the  axilla.    The  gland  lies  in  conuectiTftj 
with  the  8U|>erficiiil  fiiscia,  its  base  rcBting  on  the  i»efl 
fieparated  from  it  by  a  layer  of  firm  areolar  tissue 
deep  fascia.    The  thickest  part  of  the  gland  is  near 

Mm  riifiT^lrt 
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ler  lobes,  and  these  again  into  smaller  and  smaller  lobulea,  which 
ttened  or  polyhedral,  and  are  united  by  areolar  tissue,  blood-vessels, 
tcts*  The  interlobular  tissue  contains  numerous  plasma-cells.  The 
ace  of  the  lobules  is  of  a  pale  reddish  cream-colour,  contrastbg  with 
ja£5ent  fat,  and  is  rather  firm.  The  excretory  ducts,  named  the 
^horom  ducts^  are  from  fifteen  to  twenty  in  number ;  tiiry  con- 
towards  the  arei4a»  beneath  which  they  Ijccome  considerably  dilated, 
Ipf  during  lactation,  bo  as  to  form  ampttHm  or  mxuses  -^tb  to  |th 
pDfill  wide,  which  serve  tis  small  tenijwriiry  reseiToirs  for  the  milk. 
\  tase  of  the  nipple  all  these  ducts,  again  reduced  in  size,  are  as- 
id  together,  those  in  the  centre  Ijcing  the  largest,  and  then  proceed, 
f  Bide,  surronnded  by  aieolur  tissue  and  vessels,  and  ^vithout  corn- 


Fig.  617. 


t-   617.— AlVKJU  Of  THl  HAItaiAmT  OLIWD  OF   THl   IHTCtt   UKDia  DDWIRSNT 

coxtJiTioMS  oir  ACTivrrr  (Beidenlmiii). 
section  throagh  ilie  middle  of  two  alveoli  at  the  comisiencement  of  liu:t&tion»  th« 
lam  cell*  being  seen  id  profile  ;  c,  part  of  the  waU  of  mi  alveolii»  in  a  nimilar  oon- 
viih  the  epithelium  cells  8«eti  Hat ;  d^  9Ji  dvcoliu  in  full  secretory  actiritjr. 


mating  with  each  other,  to  the  gnmmit  of  the  mainilla,  where  they 
l)y  separate  orifices ;  these  orifices  are  seated  in  little  depressions, 
iie  Bmaller  than  the  ducts.  The  walls  of  the  duets  are  compoeed 
^lar  tissue,  with  longitudinal  and  circular  elastic  fibres,  Botfi  the 
Kial  vesicles  and  the  ducts  are  lined  with  a  simple  layer  of  epithehnm, 
i.  passes  into  stratified  near  the  external  openings  on  the  nipple. 
m  membrana  propria  of  the  alveoli  appears  to  consist  of  a  humo- 
^os  merabnme  ha\ing  stellse  and  anastomosing  cells  upon  its  inner 
cse  next  to  the  epithelium. 

^  epithelium  differs  in  it^  appearance  according  to  the  state  of 
ity  of  the  gland.  When  entirely  inactive  the  alveoli  are  very  smal!, 
'lie  epithelium  cells  small  and  granular.  At  the  commencement  of 
tion  the  alveoli  eolai^  and  l>ec<jme  distended  with  clear  secretion 
€17,  a,  h)  ;  the  cells  are  flattened  out  ngainst  the  membrana  propria 
i^aiUiri  fat  globules  of  varying  size  and  in  the  fluid  contents  of  tlic 
'lil)esides  similar  fat  globuk^some  of  which  liavea  partial  surround- 
►f  protoplasm,  a  few  uni-  or  multi -nucleated  granular  celL%  are  seen. 
Dg  full  activity  the  cells  kcome  cubical  or  even  columnar,  bat  ^t%^ 
ular  in  size  aiid  exhibit  indications  of  division  and  ol  \)Vl4s^v\^  qSI 

^  :-  a 
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inko  the  interior  of  the  alveoli  (fig.  617,  ff).  Bj  the  breakio^ 
the  cells  which  have  thus  become  free  in  the  alveoli  the  ooDfldfc 
the  milk  appear  to  be  formed,  the  fat  j^lobules  which  were  prena 
the  cells  becoming  suBpended  in  the  fluid  of  the  alveoli  m  milkj 
and  the  albuminous  constitoenta  of  the  cells  becoming  diflBol 
forming  the  casein  and  other  proteid  substances  of  the  milk. 

There  is  a  rich  network  of  blood -capillaries  investing  the  alfi 
these  are  also  surroimded  by  lymph-ainuscs  like  those  met  witli 
racemose  glands, 

Dlffereiice  occordiiig-  to  seic. — Tho  mamma  begins  to  be  fonntd  il 
tite  fourth  month  of  fcetal  life,  hut  its  Buhaeqnfint  growth  ia  compuitiv 
At  the  third  or  fourth  year  of  infancy,  there  is  little  or  no  dilfeifntt  in 
femftle  children.  The  fuller  development  of  the  gland  in  the  female  oa 
towards  puberty.  It  is  probable  that  during  the  later  periods  of  pngn 
only  do  f^e  alTeoH  inorease  in  rnze^  hut  new  alveoli  may  bad  latetmUy 
pre-exiBting  oneSf  and  that  after  laotatlon  acme  of  the  ilreoli  iBi| 
atirophied  and  disappear. 

In  the  adult  male  the  mammary  gland  and  all  ita  pan«  exist,  bttfc  ^ 
mdimentaiy  state,  the  gland  it^lf  measuring  only  from  half  to  thfee  qoai 
Inoh  acTOciBf  and  Jth  of  on  inch  thick,  Instead  of  four  inches  and  a  I 
and  one  and  a  half  thick,  aa  in  the  female.  OccadonaUy  the  mall 
especially  in  young  subjects,  enhu^es  and  gives  out  a  thin  wateiy  flnsl 
rare  cases,  it  has  secreted  milk. 

Blood-vessels  and  Nerrafl. — The  arteries  which  supply  the  maiODifl 
are  the  ityng  thorttcie  and  some  other  branches  of  the  axillaiy  arteiy,  tk( 
mammary,  ^nd  the  subjacent  inicrcoxtah.  The  veins  have  tlis  mns  4k 
tlon.  Haller  deecrihed  a  sort  of  anastomotic  venons  eixde  sarnMUMiiBg; 
of  the  nipple  as  the  circultts  rtm^ryu.  The  nerrea  pnioeed  fnni  ilMttI 
middle  inter r&»tal  cnt^neons  branches.  ' 

Varieties,— Two  or  even  three  Dipples  have  been  found  on  ons  ^ 
additional  mamma  is  sometimes  met  with,  and  even  four  or  firt  II 
observed  to  co-exist ;  the  stipemomeTary  ghinds  being  most  fr(«|QiilM 
Ofdinaiy  x>air,  but  Bometimea  in  a.  di^ntant  part  of  the  body,  as  th«  iad| 
or  back. 

lUIk^^The  milk  is  characterized  by  contuning  an  imTngnae  ftumM 
globules  of  varying  size  but  averaging  from  Tiiiroth  to  nhath  of  d 
diamct'Cr,  They  appear  to  be  coated  with  an  exceeding:]/  Uun  fo^ 
albuminous  Enbatancc,  probably  canein,  which  prevents  them  ttom  ftti 
th^  into  larger  drop?,  but  when  this  is  dissolved  by  the  additioa  of  ia( 
readily  blend  with  one  another.  Barely  there  ia  a  mora  dMnek^i 
partial,  envelope  of  gi-anular  snbetanoe^  occasionally  oontaliiiiif  a  ofll 
&ee  nuclei  have  also  beoa  described  as  existing  to  a  small  extmt  in  lll| 

The  mammary  gland  before  and  during  the  first  two  or  thjva  dagv^ 
tnritton  yields  a  Bmall  amount  of  a  turbid  fluid  termed  iJio  sstatftn 
contains  besides  milk-globules  single  and  in  groups,  ttwa^ii>lK>fcl  ^llli^^ 


Fig.  618. 


Fig.  dlS.—OomnTruiVTS  or  tsb 

a,  h,  colostmiD-corpiisoles  with  fine  aad 
respectively ;  c,  d,  e,  paJe  cells  devoid  el  lil 


mi 


>r>v    /^^  small  or  larige  fat^globules,  either  drn^  fidll 

K)    \l^/  the  cell,  or  but  few  in  number,  or  < 

IT        ^  and  in  the  latter  case  permitting  the  an 

(fig*.  618).    These  amceboid  celLi  are  ] 
tnmi-ooirimBcleB*'  (gjanular  corpuscles  of  Donn^):  they  occur  \ 
hot  very  rarely,  when  the  gland  is  in  full  activity.     It  is  i 
originate  as  separated   epitheliom-oells  €l  the  alveoli,  or 
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amtiu«. — On  tho  timdaw  of  the  mamroft  t^Lanffer,  in  Strieker's 
p.  Brunn^  in  Gott.  Sacbr.,  1S74  (interstitial  tiaane)  j  Coifue^  Soc.  d.  bioL, 
sinnsefl) ;  WivMerf  in  Dresden  Jabresb.^  1874,  and  A.  1  Ojaak.  XI., 
btfp  in  Vircb.  Arck.,  1877  ;  Sckmxd,  Z.  Lebre  f.  d.  MUcbsecr*,  Wuntb., 
,  in  Gajc.  m6d.,  1877  ^  Crnghlatt,  Pri¥j  Conncil  Reports,  1875i  and  Jonr, 
Ki^liktr,  iaWorxb.  VerbuidL,  XIV.,  ia7&:  Aau&er,  Urspning  d.  Miich, 
'arldcA,  I)ii}9. ^^Breslaii^  ISSO  ;  SorrfiuM^  Diss.,  Stmsbnrg,  ISBO  (Ijm|ibaticB); 
tide  "MUch-Abtiondemng/'  in  HermaoQa  Handb.j  1S80. 
aamnJA:— It^.  Gt^hcr^  St.  Petersb.  Mem.,  1806. 

erary  nipples  and  m&mniie  i^Jtffenlmtirf  in  Jenih  2eitachr«,  VI L  ; 
ee,  in  J.  of  AmL  &  Phys.  XIIL,  1879. 

loopic  elements  of  the  miik  :—SchjaaIbe,  in  Arcb.  f,  mikr.  Anat,  VIII. 
^,  in  Arch,  do  phyaloL,  1874;  FldvdtTfiann,  **Da8  Molkereiweaeri," 
5  ;  Schmidt  Op,  cit.,  1S77  ;  Bouditd,  in  Coinpt.  rend.,  1377  (numeration 
Hd^nhain,  Op,  dt.,  1880. 


THE    PKRITOiraUM. 

ainal  viscera  having  been  described,  aa  weU  as  the  dia- 
be  peritoneum  in  relation  to  each  of  them,  it  remains  to 
mt  of  thiit  membrane  in  its  whole  extent,  and  to  trace  ita 
er  the  various  parts  which  it  lines  or  covers. 
w  the  anterior  wall  of  the  abdomen,  the  peritoneum  passes 
h  aide  to  the  lumbar  region,  where  it  meets  with  the  right 
ons  of  the  large  intestme.  On  the  right  side  it  oompletelj 
lower  rounded  end  of  the  cjecinn  with  the  vermiform 
it  the  rest  of  the  caecum  it  covers  only  before  and  on  the 
)f  the  bowel  behind,  of  variable  extent,  being  immediately 
!ie  iliac  fa^ia,  except  in  rare  instances  where  the  membrane 
round  aod  forms  a  mesocscum.  It  m  disposed  in  a  similar 
le  ascending  colon,  which  ia  in  immediate  apposition  with 
.1  wall  ;  although  here,  too,  the  investment  may  be  complete 
ng  right  mesocolon. 

le  right  colon,  the  peritoneum  gives  a  scanty  covering  to  the 
the  anterior  face  of  the  right  kidney  and  adjoining  third 
e  daodenum  where  that  intestine  comes  down  from  behind 
le  mesoooloD  ;  lower  down  it  continues  over  mascles  and 
root  of  the  mesentery,  proceeds  forwards  to  form  the  right 
process,  passes  round  the  jejunum  and  ileum,  atlbrding  them 
sal  coat,  and  returns  back  to  the  vertebne,  thus  completing 
'  on  the  left  side.  The  membrane  now  jmsses  in  front  of  the 
of  the  left  kidney,  to  the  left  colon,  whicli  it  invests  much 
manner  as  the  right,  and  is  then  continued  over  the  lateral 
left  side  to  the  front  again,  thus  completing  a  horizontal 
he  abdomen.  Where  the  colon  forms  ita  sigmoid  flexare 
ely  invested  by  peritcmetim,  which  attaches  it  by  a  com- 
^  and  moveable  sigmoid  mesocolon  to  the  fascia  of  the 

part,  and  from  the  lower  end  of  the  mesentery  the  peri- 
itiuued  into  the  pelvis.  It  there  invests  the  upper  ]mrt  of 
)mfiletely,  fonning  a  mesorectum  behind.  Lower  down  the 
idoally  quits  the  intestine,  first  behind,  then  at  the  sides, 
front,  whence  it  is  reflected  on  the  base  and  upper  pait  of 
i  the  male,  and  forms  here  the  recio-vsskal  pouchy  the  mouth 
>nnded  by  a  crescent ic  fold  on  each  side,  named  plica  semu 
m  the  apex  of  the  bladder  the  peritoneum  passes  to  tho 


The  upper  pfttt  of  tb«  M«l«Qii  91 

tbe  right  of  tli«  meftbl  pbM  d  li 

tfamugli  the  qiuflnteand  8|i|ii 

the  Hrer  below^  ti  is  suppeaed  It  ll 

/  Cf  placed  *bove  th<?  di»phriK!B«|P 

the  oorenary  ligament  of  lUe  iivtr; 

i\  lohe  of  Spiegel ;  ••  i 

TeiM  colon ;  t,  snikU  intotiM  i  | 

cTeaA ;  a,  aortA  ;  d^  dnoAmnm ;  i( 

bhuider  ;    «,  uterM  ? 

lower  part  opened  ;  r  a,  ri^itt ;  I 

pArittnl  peri  tone  om  lining  Um  Q 

back  of    the  abdoini©*!  «»Frtf: 

representing  the  in£octi(ms  <4  lit 

mc  of  the  peritooeiun  wiij  k  IM 

the  u^ighbourbood  of  f  r,  «b«n  I 

from  the  diaphragm  to  the  v];ptf  i 

the  liver,  over  the  upper  and  lof 

of  that  organ*  in  tlie  front  eigK^ 

hepatic  onientum,  oTer  the  fiw* 

stomach,  down  to  o\  the  euttf  M 

great  omentum  ;  ihenoe  ll  fMm 

the  Ticinity  of  the  paneieu,  mA  " 

aii  the  upi<jr  layer  ^  t^  ^ 

meaocolon  ;    alter  enchmf  ^ 

retuma  on  the  lower  MtlhM  d  ^ 

verBe  meiocolon,  m  e^  lo  lib  ra 

meaenteiy,  m ;  it  now  f^rma  ih«  i 

and  encloses  the  flnall  iokei^ 

to  the  posterior  wall  ol  t^  I 

it  paaaea  over  tbe  recftMnn,  r,  lii 

the  recto-vaginal  pooch,  v\  ^mm 

and  front  of  tbe  nlama  aad  the  lii 

tiaJly,  and  regains  th« 

wall  dbore  tbe  pabis.     In  eanM 

the  lesaer  sac  of  the  p«ril«ai«fl 

the  position  of  tbe  lotaoMn  «f  1 

if  seen  betood  tb«  tediOB  ;  iti 

with  the  caritj  of  the  < 

with  horizontal 

round  thia  spaee  tb*  tine  «l  ib« 

may  be  tnosd  from  the  dtepi 

the  lobe  of  ^liegtsU  to  the  b 

gastro*bepatic  omentam, 

stomach  and  down  into  Ikopwri 

it  then  aaoenda  to  llio  fmm 

it 

diapbiagm. 

B  is  a  (ketch  of  psri  of  »  mm 
to  that  of  A,  bat  ahowi^ir  tlM 
commonly  taken,  •ecotdinff 
two  layers  of  the  ] 
with  the  poatfitiar  pair  of  thi  li 
gmnt  omcnlmB. 

in  the  median  line,  unl 
litcratetl  hjpogaatiio  il 
each   aide,    which    it  J 
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He  bladder  to  the  abdominal  wall  raises  the  peritoneum  into  a 
rked  fold,  separating  two  shallow  pits  named  mftnial  and 
ingiiinai  prntrMs  (more  fully  described  with  the  special 
my  of  the  groin).  In  tlie  female  the  peritoneum  passes  from 
r«ctum  to  the  upper  part  of  the  v«i^iiia,  and  over  the  jjosterior 
UDterior  surfaces  of  the  uterus,  whence  it  goes  to  the  bladder.    The 

E'nal  pouch  (pouch  of  Douglas),  hke  the  recto-vesical,  is  bounded 
ita  semilunar  folds,  and  the  uterine  peritoneum  forms  at  the 
broad  ligaments  of  the  uterus,  along  the  upper  border  of  winch 
*«llopian  tubes  receive  from  it  a  serous  covering  ;  but  at  their  fhu- 
&d  openings  the  peritoneum  is  continuoiuB  with  the  mucoufi  membrane 
^  the  tub^, 

L^  peritoneum,  on  being  traced  to  the  upper  part  of  the  abdomen,  is 
i  to  line  the  vault  of  the  diaphragm,  adiiering  moderately  to  the 
Mdar  and  firmly  to  the  tendinous  part,  and  continuing  down  behind 
^■u  the  hinder  surface  of  the  liver  and  the  oesophageal  opening. 
^ftpaases  forwards  on  to  the  liver,  forming  the  falciform,  coronary, 
ImolI  Ugaments  of  that  organ,  already  specially  described, 
kamng  round  the  anterior  border  it  passes  back  on  the  under 
"^36 ;  but,  after  covering  the  quadrate  lobe,  and  amoving  at  the 
r^erse  fissure,  it  meets  with  a  peritoneal  layer  from  behind,  and  in 
K&tion  with  it,  stretches  from  the  liver  to  the  stomach,  to  form  the 
^  omentmn,  as  will  be  presently  e]q>lained.    To  the  right  of  this 

it  invests  the  gall-bladder,  more  or  less  c^mpleteiy,  and  the  under 
fc-ce  of  the  right  lobe  of  the  liver,  covers  anteriorly  the  adjacent  |>art 
►fce  duodenum,  and  passes  to  the  upper  end  of  the  right  kidney, 
ling  here  a  alight  fold,  named  hepafo-reml  h^jmmnL  It  then  invests 
bepatic  flexure  of  the  colon,  and  reaches  the  right  colon,  on  which  it 
been  already  traced.  To  the  left  of  the  longitudinal  iissure  the 
tonenm  invests  the  whole  of  the  left  lobe  of  the  liver,  and  stretches 
as  the  long  left  lateral  ligament  above  and  beyond  the  oesophageal 
liing.     It  then  passes  down  over  that  opening  and  covers  the  front 

left  side  of  the  gullet,  spreads  over  the  left  end  of  the  stomach, 
ire  it  passes  off  to  invest  the  spleen,  forming  a  duplicature  named  the 
Vo^phiik  Ugament^  or  gasho-sphmc  omentum^  for  it  is  connected 
•w  with  the  great  omentum,  and  often  reckoned  as  a  part  of  it. 
BO  the  membrane  passes  from  the  diaphragm  to  the  stomach  it  forms 
mil  duplicatureto  the  left  of  the  oesophagus,  named  ih.Q  ijmtro'phrmic 
merit ;  it  extends  also  as  a  generally  stout  and  well  marked  fold  (the 
h-  or  phrenO'Colic  iujammi!)  from  the  (haphragm  opposite  the  tenth  and 
enth  ribs  to  the  splenic  flexure  of  the  c^jIou,  then  passes  over  the 
QIC  fiexore,  and  reaches  the  left  kidney  and  descending  colon,  where 
15  been  already  described. 

•lyi^nto,— The  arrangement  of  the  remaining  part  of  the  peritoneum 
lat  between  the  stomach,  liver,  and  transverse  colon — is  somewhat 
plex,  in  consequence  of  the  membrane  forming  in  this  situation  a 
nd  and  smaller  sac,  which  communicates  towards  the  right  with  the 
*ral  cavity  by  a  narrow  throat,  named  the  faramm  oj  Winshw. 
I  passage,  which  readily  admits  a  finger,  is  sitnate  behind  the  bimdle 
epatic  vessels  which  stretches  between  the  liver  and  duodenum  ;  be- 
l  the  orifice  is  the  vena  cava  ;  above  is  the  caudate  lobe  of  the  liver  ; 
its  lower  boundary  is  formed  by  the  duodenum  and  a  curve  of  the 
^tic  artery.    From  this  opening  the  lesser  sac  spreads  out  to  the  left 
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behind  the  general  or  main  sac  of  the  peritoneum.  It  COTeni] 
the  posterior  aJidominal  Trail,  but  in  front  and  below  it  ia  appM 
back  of  the  main  eac,  to  which  it  adheres  except  whens  the  OCi 
interposed.  Moreover,  it  indents,  as  it  were,  the  back  of  tbemi 
and  between  the  stomacli  <afid  coloD  protrudes  into  it  in  farmcfi 
pouch — the  bag  of  the  omeutmn,— wliich  thus  has  a  doable  cqK, 
by  the  apjWBitioii  of  the  membranes  of  both  Racs.  To  trace  thii  i 
ment  more  particularly  :  suppcme  a  finger  pofihed  into  the  turn 
AVinslow,  and  the  thumb  brought  to  meet  it  from  before,  to  thi 
the  hepatic  vessels  ;  the  membrane  held  bet%veen  is  double ;  itii 
layer  (from  the  greater  sac),  tmrnB  round  the  hepatic  vmgk  i 
forametir  and  then  helongB  to  the  lesser  sac.  The  double  mcah 
constituted,  is  the  lesser  or  hepato-pstric  omentum.    Fnom  tl 


Fifi.  620. 


Li. 


1    • 


Kg,  620.— Froitt  mw  or  tbm  nwSHA  or  mt  vtvkk  tAvt  of  nor . 

CHILD  (Heale), 

Th(^  liTer  is  drawn  upwarda  in  order  to  ttbow  Hi  under  rarbee  and  t&«  «■! 
together  «HLh  the  entmtiec  of  the  foramen  of  Wiiulow,  into  whicV  m  fn%m  h  | 

A,  quadrate  lobe  of  Hirer ;  S,  left  lobe  ;  D,  right  lobe  ;  Lt^  lipimoelw  t« 
p^ritone&l  covering  forming  the  f&lcifonn  li^juncnt ;  T,  itoiMch  ;  C^  tawn 
D\  durtdeniim  ;  I,  small  omentiun  ;  2,  {lart  of  gre«&  olDcntttB  ;  3,  wi^  fi 
omentum,  ItH  anterior  Ujer  being  divided  to  show  lt>  ooot«nt«»  Yla»,  Ak^  h&^ 
yp,  fKirtiil  vein ;  D  ch,  common  bile  duct ;  Dh,  hepAtie  doct ;  nad  He;,  figmk 
podtonemn  reflected  from  the  liTer  orer  the  upper  yvt  td  tiie  rifto 
rotud  ligBXQent 


OMENTA. 


7» 


V 


oaied  it  may  be  followed  to  the  transverse  fisaiire  of  the  liver,  where 

XjLiBinfe  separate,  the  anterior,  which  hsm  already  been  traced  ^om 

re,  Bpreading  on  the  adjacent  part  of  the  liver,  the  posfcerior  covering 

Spigelian  lobe,  wliere  it  will  be  again  met  with.     The  attachment 

tie  combined  layers  continues  backwards  from  the  lell  end  of  the 

averse  fissure  along  the  fissure  of  the  d actus  renosus  to  the  diaphragm 

Brhich  it  runs  a  short  way  to  reach  the  cesophagus,  where  the  antenor 

§na  covers  the  end  of  that  tube  in  front  and  on  the  left,  and  the 

xnoT  lamina  invests  it  on  the  right  and  behind.     From  this  point, 

:^^17  as  the  pylorus,  the  small  omentum  is  attat^hed  to  the  lesser  cur* 

*  '  ~^  •?  of  the  stomach,  where  its  laminse  separate — one  covering  the 

i  iir  aitd  the  other  the  |Xjflterior  surface  of  the  organ — but  meeting 

axx  at  the  great  curvature,  they  pass  down  in  conjunction  to  a  variable 

.:sice  before  the  small  intetitine  to  form  the  anterior  part  of  the 


Fig.  en. 


IT 


^^i^ 


^ig,    6tl, — I>I4GRA1C  or  4   nOHnOKTlL  SKCTTOir  THUOITGH   TBI;  ABItOVKV   AT  THK  iKTSli 

Of  tus  poramkm  ot  wikslow  (K  J.  Godlec), 

L1»  itrrt  lambar  Tertebra  ;  12,  11,   10,   Ac,  iuccesave  ribs  ;  r,  rectu*  mtwcle  s  eo, 
obtiqao  ;   Id^  lAtiEsimaa  doni  ;  gpi,  semtiu  posticus  itiferior ;    i\  intercotlil 
K  ««,  erector  spins  ;  ms^  taultifidtu  spime ;  |M,  {nkmui  ;  ci,  dmphmgio. 
,  AorU  ;  V.C,  inferior  vena  caT*  ;  C  A,  coronary  artery ;  8  A,   splenic  artery  ;  8  V, 
apiiWiSc  vein  ;  S»  splenic  vesselA  cut  as  they  enter  the  spleen  ;  H  A,  Hepatio  artery  ;  P  \% 
portal  vein  ;  B  D,  common  bile  duct. 

Lt^  liver;  LT,  llga  men  turn  teres  or  Found  ligament  of  the  Hver ;  Si,  stomach  ;  Sp, 
i^leen ;  P,  pancreas; ;  K,  kidney  ;  LS,  large  nc  of  peritoncEm  ;  SK,  smaU  sac  ;  SO^  small 
asi9Dtam  ;  GSO,  gastro-splenic  amentnm  ;  F  W,^  foramen  of  Winalow ;  PI,  pleanw 

Tte  peritonenm  ii  represented  by  a  thick  dark  line.  It  can  be  tniceil  from  the  middle 
tine  anteriorlj,  where  it  is  seen  investing  the  ronnd  ligament  of  the  liver  and  forming  the 
eoannenoement  of  the  falciform  ligament,  along  the  ri^t  side  of  the  abdominal  waU,  over 
4lie  fYimt  of  the  right  kidney,  to  the  inferior  irena  cava  where  it  forms  the  posterior 
tipmtdAcy  of  the  foramen  of  Winalow  ;  from  the  latter  spot  the  small  bag  extendi  over  the 
pttno«a«  and  left  kidney  nearly  as  far  ai  the  spleen,  and  then  is  reflected  backwards  along 
4lie  b«ek  of  the  small  omentum  to  the  front  of  the  foramen  ;  here  lieooming  large  bag 
aigiiiiij  It  torna  ronnd  the  hc|>atic  vesaela,  forms  the  anterior  layer  of  the  smaU  omeatoiat 
Ctffera  the  front  of  the  stomach,  forms  the  gastro-splenic  ligament  or  omentum  aa  it  Ii 
refteeted  on  to  the  spleen,  which  it  mresU  almost  oompletelj,  and  is  thence  continoed  along 
I  dimphiagm  and  abdominal  wall  Ituck  to  the  middle  line. 
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great  omental  eac,  and  tbcn  turn  op  to  form  its  posterior  wall, 
next  with  the  transvci-se  colon,  the  two  laminse  separate,  and  ( 
that  intestine,  but  meet  attain  behind  it  to  form  the  in 
colon.     This  extends  back  to  the  lower  border  of  the  paacRi^l 
which  its  inferior  layer  is  continued  down  over  the  postenor  wallrfi 
abdomen,  and  forms  the  mesentery,  where  it  has  been  ahead  J  f       "" 
The  superior  layer,  on  the  other  bund,  which,  as  will  be 
longs  to  the  lesser  sac,  covers  the  froot  of  the  pancreaa,  the  i 
and  its  main  divisions^  the  upper  part  of  the  left  kidney,  and  the } 
of  the  diaphrap^m  between  the  aortic  and  caval  orifices,  and  maj« 
to  the  left  end  of  the  pancreas  and  gastric  surface  of  the  spleeo,] 
inveating  the  latter  orphan   and   fyrminp:  part  of  the 
omentum.    It  then  goes  fonvards  on  the  Spigelian  lobe  to  the  tv 
fissure,  and  the  line  of  attachment  of  the  lesser  omentum  of 
then  becomes  the  posterior  layer.    More  to  the  right  tlxe  layer  in  k 
passes  over  the  vena  cava,  aud  continne^i  into  the  general 
beyond  the  foramen  of  Winslow.     The  gastric  and  hepa& 
especially  the  fomier  (Huschke),  may  raise  the  memhnuie  mlo  I 
which  project  into  the  cavity. 

From  the  description  given  it  will  be  understood  that,  as  ibe  i 
walls  of  the  great  omental  bag  consist  of  two  peritoneal  ]ayei%  f 
thickness  (in  its  usually  empty  and  collupsed  state)  will  con 
layers.     But  although  the  bag  may  be  inflated  in  its  whole  < 
infantile  body,  its  sides  afterwards  cohere,  and  it  becomes  imp 
its  lower  part.     Fat,  moreover,  accumulates  between  its  lanuiiJi;i 
slender  branches  also  pass  down  into  it  from  the  gastro*epinloic  i 

The  part  of  the  membrane  jnst  described,  which  is  attached  to  tli| 
curvature  of  the  stomach  and  transverse  colon,  and  which  ii( 
also  with  the  gastro-splenic  ligament  (or  omentum),  is  niQsDyJ 
the  ^mt  or  gadro-c^lk  omentum.    This  may  reach  the  bepstio| 
and  pass  a  certain  way  dowa  on  the  right  colon,  and  this  part] 
diBtingiiisbed  by  Haller  and  others  as  the  omentum  colicum.    " 
omentum  (proper)  usually  reaches  lower  down  at  its  left  horiffi^ 
it  is  said  that  omental  inguinal  hernia  are  more  oonmioQ  oatk' 
side. 

The  description  now  given  of  the  relation  of  the  omjentoja  to •* 
mesocolon  agrees  with  the  appearances  most  fre<|nently  Koa  i>  ^ 
adult  subject,  and  with  the  account  usually  given  m  Bngiiah  mbj 
Anatomy  ;  the  exterior  (here  also  posterior)  layer  of  the  craft  CQitf'  ' 
being  described  as  separating  from  the  layer  within^  belooging  liv 
omental  sac,  when  it  reaches  the  transverse  colon  so  as  to  p«i  WW 
or  below  that  viscus,  and  as  proceeding  thenoe  hackwiitli  to  ^ 
abdominal  wall  as  the  posterior  or  lower  layer  of  the  transTfisi  w^ 
colon.  It  was,  however,  long  ago  pointed  ont  by  Haller,  and  ^^ 
has  been  confirmed  by  the  observations  of  J.  P.  Meckd,  J.  IHte 
Hansen,  and  Huschke,  thai  in  the  foetns,  and  occaaionally  m  ttwiMt 
or  even  in  the  adult,  the  two  ascending  layers  of  the  ofiOTitimi,  Ifcl^ 
adherent  to  the  transverse  colon,  may  be  separated  from  it  aadfeoBiv 
transverse  meso-colon,  proving  that  the  transverse  meso-eokMi  is  irf!* 
distinct  duplicature  of  peritoneum.  This  view  has  been  mkfmj^ 
HoMen  and  Luschka  in  their  more  recent  works,  and  has  baoi  nA* 
b^  Allen  Thomson,  Figures  619  A,  and  B,  show  diagriimniilMi^f^ 
difierenco  of  the  two  views. 


EMBRYOLOGY. 

AND  DEVELOPMENT  OF  THE  BODY  AND  ITS  ORGANa 

)recediDg  parts  of  this  work  the  anatomj  of  the  bod^  has 
bed  chiefly  in  the  adult  or  fiillj-fonned  condition.  In  the 
ection  it  is  proposed  to  bring  together  the  principal  facts 
3iown  regardmg  the  first  origin  of  the  hnman  organism  from 
and  the  successive  changes  of  development  in  the  embryo  or 
^hich  it  attains  its  complete  form  and  structure.  As,  however, 
ige  derived  fix)m  direct  observation  of  the  human  ovum  is 
lient  for  a  detailed  history  of  its  development,  more  especially 
er  stages,  it  will  be  necessary  to  refer  frequently  to  the 
ng  phenomena  as  ascertained  to  occur  in  manmials  and  birds, 
L  some  other  animals  lower  in  the  scale.  In  treating  of  this 
mtion  will  be  mainly  given  to  the  morphological  view,  the 
it  of  the  textures  having  ahready  been  describe  in  the  histo- 
of  this  volume. 

OVUM    BEFOBE    EMBBTOIHO    DEVELOPMENT. 

lary  object  being  the  description  of  the  origin  and  changes  of 
elements  out  of  which  the  new  being  is  formed,  we  shall  first 
!ie  history  of  the  ovarian  ovum  at  the  time  when  it  is 
p  maturity,  and  is  about  to  leave  the  ovary,  reserving  the 
the  origin  of  the  ovum  itself  for  a  later  part,  when  we  shall 
eat  of  the  special  development  of  the  reproductive  organs. 
5xt  trace  the  changes  of  structure  in  the  ovum  which  follow 
paration  from  the  ovary  and  fecundation,  and  which  result  in 
ion  of  its  more  strictly  germinal  part,  out  of  which,  as  an 
isisof  formative  materi^,  the  embryo  is  subsequently  developed. 

L  THB    OVARIAN  OVT7M. 

oan  ovum,  like  that  of  mammals  generally,  is  a  compara- 
1  spherical  body  of  about  yf^^  ^^  -rio^^  P^^  ^^  ^^  ^^^^ 
r,  and  so  long  as  it  remains  in  the  ovary,  the  seat  of  its 
18  contained  in  one  of  the  Graafian  follicles  of  that  organ. 
ye  of  maturation  approaches,  while  the  size  of  the  ovum 
3ry  little  increased,  the  follicle  undergoes  great  enlarge- 
8  to  attain  at  last  a  diameter  of  one-sixth  or  one-quarter 
I  or  even  more.  This  enlargement  is  in  great  part  due 
rease  of  the  albuminoid  fluid  which  occupies  a  large  part 
irior ;  but  it  is  of  course  also  attended  with  a  greait  multi- 
en  cmtomaiy  to  make  a  distioctioii  between  the  terms  "  embiyo "  and 
ipplying  the  first  to  the  earlier  and  the  second  to  the  more  advanced  stages 
pment  of  the  new  organism  ;  bnt  ahhough  snch  a  distinction  may  be  cod- 
t  aoi  alwajs  maintained  by  anthois^  and  the  tenni  are  sometimes  used 
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plication  and  extension  of  the  cells  which  constitate  the 
tunka   firanuhsa  smroandin^  the  interior,  and  of  the  m\ 
the  tbUicular  wall  itself.     The    ovum    is   imbedded  in  a 
portion  of  the  hmica  granulosa,  which  since  the   time  of  VoB 
haa  received  the  nrnnti  of  discus  proUgerud^  and  is  thos  placid 
the  inside  of  the  wall  of  the  foUicle  ;  and  when  this  moet      " 
part  is  fully  developed,  most  frequently  at  the  side  next  the 
the  ovary.     But  on  this  point  observers  differ,  and  at  an  oirififf 
especially  it  appears  that  the  position  of  the  ovum  may  vaiy 
and  is  not  oufreaueutly  on  the  deeper  side  of  the  follicle. 

The  email  and  almost  microscopic  bodjr  which  oonatitntes  the 
ovTun,  like  that  of  most  mammals,  which  it  oloeely  resembka,  ~  " 
very  definite  structure,  which,  as  already  partly  explained  in  the 
is  that  of  an  or^^anised  animal  celL  In  this  view  of  its  natore,  wt 
aise  in  it  an  enclosing  cell-membrane  or  cell- wall,  the  protoplasmie 
other  contents,  and  among  these  the  nucleus  and  nucleoluB  ;  coi 
ing  more  or  less  with  i>arts  which  have  been  long  famihariy  knoti 
the  larger  ova  of  birds  and  some  other  animals,  under  the  namea  d 
membrane,  yolk  or  vitellus,  germinal  vesicle ^  and  germinal  spot* 

As  in  all  other  animal  cells,  the  main  part  of  the  cell  substaQOeii^ 
ovum  is  essentially  of  the  nature  of  protoplasm,  but  in  the  yolk 
simple  and  homogeneous  protoplasm  is  more  or  le^s  mixed  or 
witli  a  diifireut  kind  of  substance,  viz,,  the  vitelline  granule*  flf 
puscles,  which  are   not  immediately  or  directly  connected  wiiii 
formative  processes,  l>ut  yet  serve  in  a  secondary  or  subsidiBrj  iif 
the  nourishment  of  the  protopla*^m  and  the  parts  developed  art  « 
Hence  the  distinction  in  moet  if  not  in  all  ova  which  haa  been  r"^^^ 
since  it  was  made  by  Reichert  in  1840  (No.  18),  between  the 
or  formative  yolk  substance  and  the  nutritive  or  food  ypIL 
mainly  on  the  wide  variation  in  the  relative  quantity  and  aiipoiiti 
these  two  components  of  the  ovicell  that  the  great  diffeftnoea 
which  are  observable  among  the  ova  of  different  animals. 

Different  Forms  of  Ova, — The  human  ovum  and  that  of 
belong  to  a  group  of  ova  in  which  the  proportion  of  food-jottii 
small,  while   that  of  bu^ds,  reptiles,  and  elasmobranch  wim  v 
tinguisbed  by  the  very  large  quantity  of  this  material,  ai  ntfl  •jf 
the  proportionally  large  size  of  the  whole  ovum*     In  the  egg  of  binii 
yolk  (wliieh  alone  is  to  be  compared  to  the  ovarian  ovum  of 
consists  in  great  part  of  large  vitelline  corpuscles  or  spb^---  ■ '-^ 
granules,  and  the  primary  seat  of  embryonic  developn  ^i» 

the  small  whitish  spot  called  cicAtricula,  about  •}>  of  an  mcu  n\ 
which  lies  close  to  the  pedicle  in  the  ovarian  c^euk,  ittl  •' 
newly  laid  iig<^  on  the  side  of  ttie  yolk  which  natunulT  floifii  flB^ 
moHt.  The  germinal  vesicle,  which  is  of  consideimbifi  aiatv  A  ^ 
^th  of  an  inch  in  diameter,  lies  eml)edded  in  tlie  oeatie  i  ^ 
cicatricula  so  long  as  the  yolk  remains  within  its  ovariaii  fmywK**^*^ 
is  to  this  part,  composed  of  com|iaratively  pure  protop1aaii»  tW  At 
first  changes  connected  ivith  embryonic  development  are  iiMlJtfP 
Thus  the  centre  of  the  cicatricula  ana  place  of  the  germinal  TtsiAi''' 
come  to  be  recognised  as  the  nppr  or  germinal  pole  of  tlie  4Ba  wA  • 
be  distinguished  from  the  opposite  lower  side  of  the  rolk  vUn  aV^ 
termed  the  autigerminal  or  nutritive  pole.  So  also  it  nat 
to  distinguish  such  ova  as  those  of  birds  by  the  tenn 
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Mng  that  a  part  only  of  the  jolk  is  directly  or  primarily  germinal 
nged  in  embryonic  development.  In  the  ovnm  of  mammals,  on 
Hier  handy  the  whole  yolk  undergoes  from  the  first  the  formative 
^  which  result  in  the  production  of  an  embryo,  and  such  ova 
lence  been  named  holoblastk.  But  though  the  distinction  here 
CDed  is  undoubtedly  well  founded  and  important,  and  the  terms 
id  to  the  two  most  contrasting  forms  are  so  far  appropriate,  it 
n  that  the  intermediate  gradations  and  varieties  in  the  relative 
litj  and  disposition  of  the  germinal  and  nutritive  portions  of  the 
He  so  numerous,  that  it  is  found  impossible  to  make  a  complete 
▼iaon  of  the  ova  of  animals  according  to  this  character. 
%  while  the  mature  ovarian  ova  of  birds  and  mammals  appear 
■t  to  differ  very  widely  from  each  other,  a  comparison  of  inter- 
Urn  Ibrms  and  the  observation  of  their  earlier  conaition  shows  in  a 
mdiig  manner  that  they  have  essentially  a  homologous  structure,  and 
notwithstanding  the  ver^  large  size  and  the  apparent  complexity  of 
tore  in  the  egg  of  the  burd,  ^th  kinds  of  ova  have  in  common  the 
ntaiy  form  of  the  simple  animal  cell. 

11  obvious  that  the  great  difflerence  in  size  between  the  avian  and 
mammalian  ovum  has  reference  to  the  mode  of  nutrition  of  the 
TO  in  the  progress  of  its  development,  as  modified  in  the  one  case 
be  oomplete  separation  of  the  egg  from  the  parent  body,  which 
■itates  the  provision  within  it  of  all  the  nourishment  required  for 
ivlM>le  duration  of  incubation  ;  and  in  the  other  case  by  the  de- 
ent  and  attached  condition  of  the  ovum  and  its  annexes  which 
les  them  to  draw  a  supply  of  nutriment  from  the  parent  during  the 
B  of  gestation. 

MAM3iALIAN  OVUM. 

to  Tdlk  Snbstaaca. — In  the  mammalian  or  human  ovarian 
1  which  is  approaching  maturitv,  the  yolk  substance  forms  a  well- 
ed spherical  mass,  completely  filling  tne  cavity  of  the  containing 
farane.  The  yolk  is  at  no  place  perfectly  clear  or  homogeneous,  but 
)it8  throughout  a  certain  turbidity  from  minute  granules  imbedded 
le  purer  protoplasm.  The  amount  of  yoll^  granules,  which  varies 
iderably  in  different  animals,  is  small  in  the  human  o\nim,  and  in 
ral  the  granules  are  of  smaller  size  and  in  less  number  near  the 


KB. — Otaeiait  ornc  or  a  xax- 

MIFIE.      ^,        (A.T.) 

tlie  entire  OTmm,  riewed  nnder 
m  ;  the  granal&r  cells  have  been 
rvd  from  the  onter  surface,  the 
lud  Teside  is  seen  in  the  jolk  sab- 
I  within  ;  6,  the  external  coat  or 
bant  hj  increased  pressure,  the 
aotoplainn  and  the  germinal  vesicle 
g  eicaped  from  within ;  c,  germi- 
wde  more  freed  from  the  yolk 
In  aU  of  them  the  macula 


loe  of  the  yolk  and  in  a  space  immediately  surrounding  the  ger- 
il  Tenda.    The  jrolk  granules,  or  yolk  corpusdes,  aa  \!i;^\as6t  tdsbj 
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be  termed,  arc  eliiefly  spherical  in  fonn,  and  B^e  of  the  moflt  Tiriovi 
from  the  minuteet  molecules  up  to  the  diameter  of  ^  j^-^  or  j^^ 
an  inch.  They  are  different  in  composition  from  the  clearer] 
consisting  mainly  of  protagon  with  fat  and  some  other 


Fig.  623. 
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Fig.  623« — Own  of  tki  cat:  i 
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fitTQCture  ;    rif  ritelliu^ 
delicate  membnuie  w  i 
cial  vetide  ;  ^,  gennijul  i^' 
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They  are  enclosed  in  the  i 
of  the  more  homog 
plasm.    The  latter  | 
living  Btate  all  the 
this  snbstancc,  sometiniMl 
in^  the  finely  radUted 
fibrillar  stractare  which 
to  its  growing  condition,! 
seesing  the  amoeboid        _ 
proi)erty  which  i«  kBOim  til 
racterise  most  of  it«  (onsm. 
Genmn&l  Vesicle. — While  the  protoplasm  and  Titelliiw 
constitute  the  main  part  of  the  cell -substance  of  the  aTllltt,  the  j 
veBicle  is  an  invariable  cimstituent  and  forms  its  nncletis^    In  tbe  < 
which  has  not  yet  arrived   at    complete  maturity   this  UmIv  btt  I 
gpheroidal  shape,  and  consists  of  a  matrix  containing  nQchx)p!ira  4 
closed  ill  a  fine  but  distinct  homogener*us  vesicular  mcmbrttHf,  md  I 
for  the  time  situatal  in  a  clearer  part  of  the  yolk  protopli 
the  surface  on  one  side  which  thus  becomes  the  germiosd  pole.    Itti 
in  mammals  generally  is  about  a  fourth  part  of  the  diaoxiiO'  di 
ovum,  and  therefore  in  the  hotnan  OYum  it  may  be  about  ^ 
inch  in  diameter,  being  actually  smaller  but  propcirtionaUj  i 
in  birds.    The  substance  of  the  germinal  vesicle  cor 
respects  with  the  usual  contents  of  growing  cell-nucleip  i 
fore  be  described  as  nucleoplasm. 

Germiiml  Macula  or  Spot.— In  mammals  there  is  genoilh  i 
princijml  nuckolus  of  a  regular  spherical  or  lenticular  form,  m  ] 
sentiug  not  un frequently  a  well-defined  outliiu.     Tliis  is  the 
germiuat i  va  of  Rudol f  AVaguer.  now  generally  n  is  conttfBtJH 

to  the  ccll-nucleolus.     In  mammals,  how<'v.T  hf*f  smimkf^ 

macula  or  nucleolus  may  be  subdivided  i  fiidi  ooi  i 

usually  larger  tlian  the  rest  ;  and  in  this  ou  vo  i-  an  tsiml 

division  into  smaller  opaque  grtmules.     M  >  appt«%  »  il 

other  cells,  to  cotisist  mainly  of  a  grannlar  uuAiincuuyQ  of  tbrodhiv 
nucleoplasm. 

Zona  IPeHncida. — The  most   obvious  enclosing  memhiUMi  of  iti 
manmiars  ovnm  is  that  already  referred  to  as  the  Eona 
name  given  to  it  by  Vou  Baer  on  account  of  the  appenniiee 
presents,  in  a  nearly  ripe  o\^im  extracted  fnjui  a  ISnuifiaa 
a  clear  brood  baud  lying  between  the  opaque  yolk  subaUmc^  ' 
'the  proiigeroufi  disc  which  adhejne  to  it  eii 
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Tesicnlar  eiiTelope  of  the  ovum  is  of  considerable  thickness  anJ'l 

Fig.  624. 


€2i, — M^nriUK  otaeiah  otitic  of  ths 
OUiirKA-Pio  (from  Biseboff>}      ^ 

■QUA  pellucidii  ii  hidden  by  tbe  Adherent 
Ibe  m«mbnui&  g^nmuloaa,  which  have  a«- 
1  ^ediculAted  form  nexl  it^  surface.  11i« 
fMin!>r  yolk  iubsUwce  61U  the  cavity  of 
il^     Tha  gimiizMl  Tcsicle  baa  ilisaptieared. 

■tarength^  bni^tin^  only  under 
fpreasure  or  by  the  aid  of  cutting 
ments.  lender  a  moderate  magni- 
power,  when  freed  from  the  ad- 
l  cells  of  the  proliojeruos  disc,  it 
IB  homogeneous ;  but  when  snl>- 
.  to  higher  magnifycrs,  such  as  500 
^  diameters,  it  frequently  exhibits 

sar  radiation  through  it^  thickness,  which  bears  some  resem- 
B  to  the  more  dtgtinct  radiated  and  purous  stnietui^  in  the 
OTering  of  osseous  fishes,  insecU,  and  some  other  animals.  And 
are  of  opinion  that  the  pores  of  the  crtvering  of  the  mammal's 
.  are  capable  of  transmitting  minute  granules  or  even  ceils  from 
Iterior  into  its  cavity  ;  but  it  seems  probable  that  such  a  condition 
«  pores  is  not  constant,  and  that  their  i:>ccasiooal  enlai-gemeot,  as 
^  by  Lindgren  (No.  Go)  and  Von  8ehlen  may  depend  upon 
toral  circumstances  (No.  GG). 

ISII  Heichert  described  a  second  more  delicate  membmne  aa  immediately 
Dding'  the  joUt  sabstance  in  the  mammal'^  omm,  and  more  recentlj  Edw, 
texiedeQ  (No.  57)  haa  affirmed  the  existence  of  auch  a  membnuie*  and 
■  to  thifl  opinion  in  the  account  of  his  latest  re«earche«  (No.  t>3).  This 
Mie  ha  finds  to  be  formed  in  the  mammal's  ovum  as  it  approacbea  mattuity, 
■^maxii  visible  for  some  time  after  it  has  left  the  ovary.  F.  H.  Balfour 
i  and  62)  is  inclined  to  adopt  the  same  view,  while  other  embiyologiflta 
t«tam  donbts  as  to  its  existence. 

Ho  Barry  thougrht  he  had  discovered  in  the  rabbit^fl  ovtun  a  distinct  fora- 
t"  pefforation  of  the  lona  peUucida  similar  to  the  mien^pyU  of  fishes, 
«ad  some  other  animals,  and  PflQger  and  E.  T.  Beneden  for  a  ^me 
I6d  this  view.  Bat  the  la^  observer  has  from  his  mo«t  recent  observationa 
d  to  abandon  it,  and  as  many  other  embryologists  have  souf^ht  in  vain  for 
dftoie,  it  may  now  with  certainty  be  considered  as  abeent  from  the  mam- 
fes  ovum  in  the  more  distinct  form  deecribed  by  Bany,  although  oooadon* 
•  before  stated,  minute  pores  or  ladiating  canals  are  aeen  to  pteroe  Uio 
uembrane, 

Mimmaiian  ovum  was  dieoorered  hy  Von  Baer  in  1S27  (Na  49),  Tlis 
«1  reaicte,  which  had  been  made  known  in  Birds  by  Purkinje  in  18S5 
f>,  wifl  firrt  deacrih^  in  the  Mammal's  ovum  by  Coste  in  1^33  (No.  50,  L)i 
also  been  independently  observed  by  Thomas  W.  Jones  in  1834  (No.  51,  L). 
«»1a  or  nucleolus  was  first  pointed  out  by  Rudolph  Wagner  in  1835 
1^  i  4  a>     See  the  Bibliogmpby,  Nee.  47  to  m. 

tAVU&a!nON  OF  THB  OYWhl  AND  SEPABATION  FROM  T^  OVART. 

ras  lon^  known  tlpt  at  or  near  the  time  of  the  Ml  maturation  of 
dm  and  its  leavingr  the  ovan-.  both  in  birds  and  mammal^  the 
lal  Tesicle,  which  had  gradually  approached  the  surface  of  the 
1  ovum  in  the  later  stages  of  its  development,  finaUj  disapp^^ared 
lost  to  view.    It  was  Dot  certain  however  that  tma  Qfxmt^  a\  ^i\x 


786 


THE   OVUM   BEFORE   DEVEL0PMEN1L 


animals,  nor  was  it  known  how  the  disappearance  was  to  bee 
and  whether  any  part  or  how  much  of  the  substance  of  the  | 
Tesicle,  as  was  vaguely  conjectured,  might  have  remained  ton 
ftirther  changes,  to  combine  with  the  yolk,  or  to  form  the  Im  tf i 


Fig.  625. — ^VlBTIOAL  SECTTOK  THROUQH  THB  aERXIKAL  DISC  OF  TBI  BIPI  OTUUIJRI 

OF  THE  FOWL,  IN  ITS  CAPSULE.     (From  BalfouT.) 

o,  Connectiye  tissue  of  the  OTariAn  capsule ;  b^  its  epithelium,  close  to  wUckffc 
flteUine  membrane  of  the  ovum  ;  c,  granukr  protoplasm  which  undei^oei  aegnoi  ' 
w.y,  white  yolk  substance  ;  x,  subetimce  of  the  germinal  vesicle  shiifellcdiip;  )k|i 
left  by  this  shrinking  within  the  membrane  of  the  Tesicle. 

embryonic  nucleus.  Improved  modem  methods  of  histological  loai 
have  led  to  the  discovery  of  some  of  the  phenomena  of  re(it^i«" 
of  the  germinal  vesicle  and  the  foundation  of  the  germ  of  ii«! 
remarkable  kind,  of  which  a  short  account  will  be  given  at  this  {to. 
Sxdiudcm  of  the  Pdar  Globules,  and  Formatum  of  ii 
Pamala  Pronncleiu. — These  phenomena  of  retrogression  in  theganiii 

Fig.  626.  Fig.  626.— Oyum  of  the  babbit  fbox  thi  iiuifli 

TUBE,  TWELVE  B0UB8  AFTER  IMftMiilVa,  \f» 

Bischoff.) 
In  the  zona  a,  spermatosoa  are  seen ;  6,  tvokjito 
globules  or  polar  bodies  within  the  ciTitj  left  ^* 
shrinking  of  the  yolk. 

vesicle  are  intimately  connected  with  anoth 
appearance  which  since  its  first  diiocRf 
by  Dumortier  in  1837,  and  further  inf* 
gation  by  F.  Miiiler  in  1848,  hai  hi 
familiar  to  embryologists  in  a  yerf  ifc 
range  of  animals,  viz.,  the  formatiQif 
extrusion  from  the  yolk  at  the  tjns' 
complete  maturation  of  the  soKjalled  polar  or  directing  gioboh' 
which  the  relation  to  the  germinal  vesicle  has  only  recently  recfw'* 
more  minute  investigation,  although  various  more  or  less  probil)te«f 
positions  had  been  from  time  to  time  formed  as  to  their  nature.  1 

The  most  precise  and  satisfactory  of  the  recent  observations  dov  ^ 
ferred  to  have  been  made  chiefly  upon  the  ova  of  animals  ccMnpinD^ 
low  in  the  scale,  but  we  are  not  without  evidence  that  nearfy  smk 
phenomena  occur  also  in  the  higher  animals  and  especially  in  mufflW^ 
We  shall  first  describe  shortly  the  results  of  obeervations  mideJl! 
Biitschli,   Fol,  and  Hertwig  on  the  ova  of  some   Ek^hinodenm  » 
Heteropods  ;  referring  the  reader  to  the  works  quoted  at  p.  22  of  d* 
volume,  and  to  the  very  clear  account  of  the  phenomena  riven  bj  fiilfw 
(No.  82,  vol.  i.  p.  55,  and  No.  7G). 
In.  tloB  AjB)tiex\^  ^mfi^^&^ ^j;:t(^^t^^\x^^<^^& cotia  as  the  me  otnm: 
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lied  from  the  ovary  and  placed  in  sea  water,  the  germinal  yesicle, 
3  was  previously  of  a  regular  spherical  shape  and  presented  the 
mat  reticalnm  and  all  the  usual  characteristics  of  such  structures, 
its  external  membrane  and  its  internal  reticulum,  takes  an  irregular 
ae  and  undefined  structure,  and  becomes  to  some  extent  confounded 

the  vitellus.  The  germinal  macula  also  gradually  disappears. 
leen  the  remains  of  the  germinal  vesicle  and  the  surface  of  the  yolk 

now  appears  a  nuclear  spindle  or  double  cone  terminating  ex- 
lly  in  a  star-like  arrangement  of  the  protoplasm.  Soon  afterwards 
■er  star  appears  and  the  nuclear  spindle  hes  horizontally  between 


^^^^^:-' 


/i"*- 


^  627. — Staobs  nr  thx  forscatioit  of  the  polab  globules  nr  the  oyttx  or  a 
STAR-FISH  (fromHertwig.) 

BBnninal  recicle  tranafonned  into  a  spindle-shaped  system  of  fibres  ;  p\  the  first  polar 
9  beerauog  extruded  from  the  snr&ce  of  the  ovum  ;  p,  polar  globules  completely 
Lid ;  f.pn,  female  pronucleus. 

^mo  stars.  Oscar  Hertwig  observed  phenomena  very  nearly  similar 
Lctiier  Echinoderm  (Astcracanthion),  but  it  was  not  determined  by 
9  of  these  sets  of  observations,  what  share,  and  whether  any,  the 
lift  took  in  the  changes  which  occurred  ;  but  further  observations 
%d  on  one  of  the  Heteropodes  (Pterotrachasa)  made  it  certain  that 
tnetamorphosis  of  the  germinal  vesicle  results  in  the  formation  of  a 
Sir  spindJe  with  the  two  stars  lying  near  the  surface  of  the  ovum, 
fchat  these  phenomena,  as  was  well  known  also  in  other  animals,  are 
I  independent  of  fecundation. 

be  next  change  consists  in  the  spindle  assuming  a  vertical  instead  of 
viiontal  position,  and  in  the  subsequent  projection  of  one  end  or 
in  a  protoplasmic  prominence  or  knob  from  the  surface  of  the  yolk. 
i  oonstriction  which  follows  in  the  outer  part  of  this  prominence,  a 
1  spherical  mass  of  clear  protoplasm  constituting  the  first  polar  body 
imib  is  separated  and  takes  its  place  close  to  the  original  site  of  the 
linal  vesicle  in  a  space  now  formed  by  the  shrinking  of  the  yolk 
een  the  sur&ce  of  tnat  body  and  the  enclosing  membrane. 
le  process  of  nuclear  division  being  repeated  in  the  spindle-shaped 
f  another  polar  globule  is  separated  in  a  manner  similar  to  tli<&  &»lti\ 
w>.  n.  ^m 


protopliisra  in  a  loiiticiilar  fonii.  The  j,^^niiinal  ^ 
surfiice  of  this  Ijccoiiies  di&coid,  wliile  the  memh 
Tesicle  vanishes  or  unites  with  the  disc.  The  | 
collects  into  a  nncleoplasinic  mass,  find  along  n 
remains  for  a  shart  time  within  the  ornm.  Sooi 
a  polar  body  m  fonnd  ontside  the  yolk,  compoBed  a 
one  stains  deeply  in  the  same  manner  as  the  discoi 
wliile  the  other  resemblL'S  the  nneleoitlasmic  snijj 
Van  Bcneden  looks  npon  these  jistrts  of  the  p>lai 
produets  of  the  "germinal  vesicle  ;  bnt  BalfiJiir  eons 
that  a  part  of  the  germinal  vesicle  remains  in  d 
female  itronnclens. 

The  shrioking  of  the  yolk  comcides  with  the 
polar  body  which  nsually  takes  place  before  the  P 
the  gee  and  polar  gh>bule  is  more  frequently  expelte 
entered  the  tube,  and  along'  with  its  appearance  tin 
ing  of  the  yolk  ;   bnt  all  these  phenomena  are 
feenndation  or  any  influence  of  the  male  sperm* 

Separation  from  tlio  Ovary. — It  is  now  we 
nmtnration  and  the  discharge  of  tlie  ovarian  ova  9 
changes  to  which  the  Graafian  follicles  are  gubj 
during  the  breediDg  period,— in  the  hnmaii  femai 
menstraal  term,  and  m  animals  at  the  times  of  ] 
dianges  tuVQ  place  independently  of  the  influeiD 
imprcgimtion  (BiBchoflF,  No.  ti7). 

In  ttnimal?*  sncli  as  the  eheep  or  dog,  when  the  state  i 
days,  and  in  the  iiiiman  female  at  or  near  the  time  of 
ovum  is  discharged  bj  the  rupture  of  the  thinner  and  mc 
Graafian  follicle.  The  a|Terture  takes  place  at  a  spot,  the 
is  non- vascular,  h  small  and  with  irregular  or  ragged  edi 
a  Bolution  of  continuity  of  tho  tissue  is  preceded  bj  Itioi 
neicrbbourhood.    Th«t  ovnin  in  i 
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from  its  yellow  colour  corpux  luteunij  and  it  is  important  to  obecrve 
es  place  in  all  caAes  of  the  rupture  of  a  follicle,  whether  or  not  it 
owed  by  impregnation.  The  changes  involved  in  the  formation  of 
d  its  structure  have  been  already  described  at  p.  33G  of  this  volume. 

in.  FOUNDATION    OF    THB    OVUM. 

jess  of  fecundation,  which  will  be  considered  here  only  in  its 
the  formation  of  the  germ,  consists,  in  its  most  general 
,  essentially  in  the  union  of  the  male  and  female  generative 
For  the  history  of  the  male  generative  element  we  refer  the 
le  account  given  at  p.  Gl)8  of  this  volume. 
LCtion  of  the  Spermatosoa  into  the  Ovum. — The  fact 
aal  entrance  of  sjKjrmatozoa  within  the  zona  or  covering  of 
iferous  ovum  was  first  observed  by  Martin  Barry  in  1848, 
gh  his  statement  was  received  with  considerable  hesitation 
temporaries,  it  has  since  been  rci>eatedly  confirmed  by  the 
i  careful  investigation  of  many  ob8er\'ers. 
in  animals  the  spermatozoa  have  been  seen  to  enter  the  cavity 
im  by  an  obvious  micropvle  aperture,  as  first  obser\'ed  by 
fishes  (No.  72),  and  by  Meissuer  and  Leuckart  in  insects  ;  but 
Is  and  other  animals  in  which  no  such  ai)erture  exists,  it  is 
»rly  imderstood  in  what  manner  the  spermatozoa  make  their 
jh  the  consistent  membrane  of  the  ovum. 
•  in  the  Ovum  and  Spermatosoa  giving  nm^  to  t» 
tmnclens. —  In  mammalia,  although  the  spermatozoa  arc 
I  to  pass  in  numbers  through  the  zona,  they  have  not  been 

Fig.  628. 


628. — Fertilization  op  the  ovum  of  an  ECHi50DSRM'(Selenka,) 
m,prf  male  pronucleus  ;  f.pr^  female  pronudeua. 


m  of  a  spermatozoon  to  the  periphery  of  the  vitellus  ;  2.  Its  penetration,  and 
position  of  the  viteUine  granules  ;  3.  TranKformation  of  the  head  of  the  sper- 
>  the  male  pronucleus ;  4,  5.  Blending  of  the  male  and  female  pronuclei 

1  any  case  to  penetrate  or  combine  with  the  substance  of  the 
B  extremely  probable  that  such  combination  does  take  place, 
ly^  know  of  this  occurrence  by  observations  made  on  the  lower 
nich,  however,  throw  so  much  light  on  the  whole  process  of 
a  that  it  ib  proper  to  give  an  acconnt  of  tViem  \ii  t!i^  "^MOft* 


One  of  the  Bpermatozoa  more  advaBced 
BUTTOUEdetl  and  ultimately  combined  with  a  prominent  i 
subs  tan  ce,  and,  the  tail  remaining  motionicss  and  sub 
pearing,  the  head,  or  it  may  be  some  other  part  of  the  i 
now  gathered  together  into  the  form  of  a  nucleus,  and 
depth  into  the  substance  of  the  yolk,   becomes  sun 
radiated  lines  known  to  belong  to  such  structurcfl*    J 
coHTerted  into  the  rnak  pronu^leus^ 

Fusion  of  the  Male  and  Female  Froiiiiclei«  ; 
of  tl^e  Firat  Segmentation  Sphere .^ — The  male  prt 
approaches  the  site  of  the  female  pronucleus  ;  aua  s 
in  contact  with  it,  the  latter,  which  was  previoosly  m 
a  new  activity»and  the  two  pronuclei,  impelled  pcrhap 
movements  of  the  yolk  protoplasm  which  accompany  i 
cnite  or  are  fused  into  one. 

The  result  of  thia  union  is  the  fonnation  of  the 
segmenfatton  sphere^  or  Bifuhsphere^  which  may  be  reg 
ated  prutoplasmic  cell,  containing  the  products  of  ihe 
generative  nuclei,  or  some  portion  of  them,  combined 
protoplasm  of  the  ovum. 

In  mammolia  Van  Benoden  has  ahown  tlmt  the  fint  segme 
its  origin  to  the  f  uaiou  of  two  prerimiBlj  existing  nuclei 
istherB  tlian  the  male  and  female  pronuclei.     In  Petromy 
Rnd  Bemecke  have  demonstrated  that  a  single  Bperm»toB 
omm,  Euid  the  researches  of  Bamb^e  &nd  Hertwig  make  i 
thai  in  Amphibia  similar  phcnomeDA  Attend  the  maturation  m 
the  omm,  while  Oaair  Hertwig  has  trmoed  in  Echinus  liv 
the  spermatasoon  into  the  ovum  and  its  traiuformation  into  1 
Pzedsdj  eimilar  phenomena  have  beeai  ascertained  bj  Sal« 
■tnrgeon  ;  so  that  there  ia  good  reodon  to  believe  thein  to 
Innexual  animals.    (See  Balfour,  Ko.  32  and  No,  76.) 

Differences  in  the  details  of  these  phenomena  m^f  oocur 
more  espoclallj  according  as  imfc^nation  ma^  taka 
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r  tinoe  the  similar  origin  of  the  generatiye  elements  of  the  two  sexes  has 
Memrtsined,  it  has  been  cnstomary  to  regard  fecundation  as  consisting 
aHj  in  the  onion  of  the  male  and  female  generative  cells  :  bat  we  can  now 
m  mnch  more  definite  idea  to  this  view  when  we  know  that  the  act  of 
iatimi,  consists  in  the  fusion  of  a  male  and  female  pronucleus,  of  which  one 
eung  from  the  remains  of  a  primitive  ovicell,  and  the  other  is  the  product 
rlniitive  sperm  cell,  and  that  both  of  these  have  had  their  origin  in  similar 
■tezy  structures  of  the  parent  while  in  the  embryo  stage  of  its  existence. 
«r,  No.  32.    Balbiani,  No.  64,  and  Bibliogr.  Nos.  67  to  76.) 

mauxwsATiov  of  this  fbcttmdatzd  ovum,  and  formation  of 

THX    BIiABTODXRM. 

Eb  a  general  fact  among  bisexual  animals  that  within  a  very  short 
■Iter  the  fertilization  of  the  ovnm  has  been  effected  by  the  combina- 
af  the  sexual  elements,  the  blastosphere  or  nucleated  mass  of  pro- 
^e  protoplasm  which  results  from  the  act  of  union  proceeds  to 
■go  a  process  of  division  and  multiplication  after  the  manner  of 
GMYage,  and  by  the  ordinal  repetition  of  that  process  for  a  con- 
■Ue  number  of  times  there  is  eventually  produced  a  collection  of 
ameres  or  nucleated  cells,  out  of  which  the  further  development 
M  embryo  subsequently  takes  place.  To  this  mass  of  cells  capable 
Bbryonic  development  the  name  of  protembryo  or  primitive  embryc 
Li  be  applied,  but  it  is  the  same  which  has  been  called  germinal 
inme  or  blastoderm  in  the  higher  animals,  because  of  the  flattened 
■ninar  form  which  the  collection  of  its  cells  generally  presents. 
» this  process  of  cell  division  and  multiplication  in  tne  fecundated 
:i  the  names  of  yolk  cleavage,  or  more  strictly  gcnn-segmentation 
k^ied.  Though  common  to  all  the  metazoa  it  presents  many  and 
b  Tariations  in  the  different  classes  of  animals,  and  even  among  some 
1  families.  Here  we  must  confine  our  attention  mainly  to  those 
la  in  which  the  phenomena  tend  to  illustrate  the  process  as  it  occurs 
jmmalia. 

tflnrent  Forms  of  Segmentation  among  Animals. — The  more 
fftant  of  these  varieties  are  obviously  related  to  the  difference  in 
poportion  of  the  nutritive  and  germinal  material  in  the  holo- 
ic^  meroblastic,  and  intermediate  forms  of  ova.  In  the  case  of 
maiB,  the  whole  mass  of  the  yolk  is  subject  to  this  change,  or  is 
ediately  involved  in  the  process  of  cell  division,  while  in  the  mero- 
ic  ovum  of  the  bird  the  first  cleavage  and  consequent  formation  of 
itoderm  is  limited  to  that  small  portion  of  the  yolk  wliich  is  termed 
germinal  disc  or  cicatricula,  and  which  is  alone  the  seat  of  the 
St  phenomena  of  development. 

lis  difference  constitutes  the  distinction  between  fofal  and  partial 
entation,  of  which  we  shall  have  to  consider  more  fully  the  pheno- 
ls and  with  regard  to  which  it  is  only  necessary  to  say  f  iu*ther  at  this 
that  there  is  a  close  inverse  relation  between  the  extent  of  the 
enting  process  and  the  quantity  of  the  nutritive  yolk  substance 
li  is  associated  with  the  purer  protoplasm  of  the  ovum  ;  and  thus 
igh  the  amphibia  and  other  animals,  besides  variations  of  other 
I,  aU  possible  gradations  are  to  be  found  in  the  proportion  of  the 
ance  of  the  ovum  which  is  primarily  involved  in  the  cell-forming 
SB  resulting  from  segmentation. 

le  intermediate  form  of  segmentation  which  occurs  in  the  Amphibia, 
the  fix>g  or  newt,  is  so  instructive  that  it  will  be  proper  tAiditodn.^^ 


and  the  larger  quantity  of  nutiitive  yolk  accumulated 
genninal  pole.  The  accompanying  diag'tara  copied  from 
clear  view  of  the  succesBi%*e  Bti^pi  of  the  process  ;  1  T«pre«ei 
condition.  2  the  first  vertical  cleft  which  divides  the  whc 
indiciitei*  the  atagi^  at  which  by  a  second  vertical  cleft  the  3 
into  foar  ee^ienti?.  In  these  two  finit  stageii  the  venical^ 
woidB  from  the  upper  or  germmol  pole,  where  thej  < 
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I^  stAgd  oro  reprasented  ;  the  nnmhers  over  oertAfn  figur 
Mgmcnts  at  each  of  these  stages ;  in  the  interveaiog  6giin»  the  { 
fomimtiDU. 

angles,  to  the  lower  or  nntiitive  pole.    In  the  next  ttag^ 
wMch  that  num1>er  of  flegraente  have  appeared,  the 
parallel  to  the  etjuator  of  the  i^phcre,  bnt  at  some  di: 
i»  gucceiMieil  by  radial  or  meridional  clefts  which,  pi 
genninal  ]x»k\  divide  fii-st  the  npper  and  later  the  lower 
duce  fir!«t  twelve  and  later  Bixtean  aegm^tihs,  as  Feen  in 
Two  tfiiiuturial  ch:'f t3  follow ^  which  have  th©  effect  of  c 
and  lower  meridional  segmental,  ik)  as  to  produce  first 
ecgmenlH ;  and  by  a  euccession  of  wmilar  alU^mating 
clefts  a  greater  and  greats  multiplication  takest  place,  butj 


si:gm£NTation  in  mammals. 
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*,  Tjut  among  tlie  vertebrates  or  animala  allied  to  them  the  only 
I  are  those  of  Amphioxos  and  Petromjzon.  Id  the  cose  of  AmphioxuH 
i  gQixemye  redupUcation  of  the  yolk-ppheres  has  proceeded  to  such  an 
|«A  to  diyido  the  whole  into  smaller  mnfonn  nncleated  ct^lls,  these  celhiarc 
>  have  arranged  themselvea  as  a  layer  oo  the  surfacct  while  the  interior  ia 
I  hy  fluid,  constituting  thus  a  cellular  vej^icle  with  a  uegmentation  cavity 
I;  and  the  fir^t  change  which  succeeds  to  this  stage consLstfi  in  the  doubling 
'^v«£rination  of  one  eide  of  the  oeUular  wall  bo  as  to  gi\e  Twe  to  a  secondary 
I  communicating  with  the  exterior,  while  the  two  ^idea  approach  one 
r  CO  as  gradually  to  narrow  anil  at  last  obliterate  the  original  cavity  which 
fteen  thera.  The  pmt  which  rcmuinii  outside  forma  the  external  layer  or 
n,  and  that  which  in  doubled  in  i»  the  internal  layer  or  entwltrm.  The 
or  blastotierm  thus  assumefl  the  form  of  the  bilaminar  ^tixtrul^i  of 
Sikd^  communicating  with  the  exterior  by  the  now  narrowed  aperture  culled 
aoporCf  and  representing  in  fact  the  simplest  form  of  an  alimentary  cavity. 

Lemplete  Segmentation  in  Mammals. — The  ]^Iaum)filfi  come 
:.  to  the  Am]>liioxiis  iii  the  eompleteiiess  and  regularity  of  the  setf- 
itation,  hot  tiiej  diHer  from  it  botli  in  the  earl}'  distinction  of  the 
er  and  lower  lilustodermic  celk  and  in  the  absence  of  anj  obviuuti 
i^ination  of  the  vesicular  bhistoderm, 

'he  segmentation  of  tlic  miiminiferons  ovnm  liad  been  seen  by  IMartin 
ry*  bat  its  general  features  were  first  clearly  demonstrated  by  the  im- 
ant  researches  of  DissclioC     In  more  recent  times  much  light  has 


Fig.  630. 
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680, — FiEST  sTAdca  opsKomnrTATiow  ov  a  iiAMMAUAJt  ovrit :  inEin-MAO*AiniATiC 

(Drawn  by  A,  T.  after  Edwtb  t.  Btir*eden"«  description.) 
►,  sooft  pellucidA  J  p,gl^  polar  glohulea  ;  ed,  ectomere  :  eni,  eoioiuere  ;  a,  Jiti&ion 
Ivo  bUfltora^res  ;  6,  stigc  of  four  l^lastomeres  ;  c,  eight  blwtomcrea,  tho  cctom^rtai 
fttly  cnclosinsf  the  cntoinercs  ;  d.c,  Kacrceding stages  of  AcgiDoniation  ahowiogthe  mare 
dimioQ  of  the  ectomcres  and  the  eaclosune  of  the  eotomeres  hj  them. 

I  thrown  upon  the  natnre  of  this  process  bv  the  interesting  rceean:;he8 
Mwd,  Van  Beneden  (Xo.  74)  and  others.  From  the  observations 
an  Beneden  it  appt-ars  that  in  the  ovnm  of  the  rabbit  \yitbin  one  or 
honn;  after  the  nnion  of  the  male  and  female  pronuclei  the  imxresa 
iviaioa  of  the  nucleus  and  the  primary  segment  apkere  eoTm\xcTM:fia, 
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This,  as  well  as  all  the  Bnb8€qiient  divisions  which  occur, 

by  the  usual  phenomena  of  spindle  modification  of  the  iiuckug 
striation  of  the  siirrounrling  yolk  protoplaem*    The  wlioh  p 
eegnientation  is  accomplished  in  the  rabbit  within  fruni  7(»  tu 
afler  fecnndation,  by  wnich  time  the  ova  have  passed  tliiungh 
lopian  tiil>es  and  arc  entering  the  cavity  of  the  uterus. 

The  principal  phenomena  as  descriljed  by  Van  B^neden  are  a^ 
First  a  complete  division  of  the  whole  yolk  into  two  sphenoidal 
masses  takes  place,  the  cleft  seeming  to  depart  from  the  pliwre  p 
occupied  by  the  polar  or  directing  bodies.  Each  of  these  sfiL' 
next  divided  in  a  similar  manner  mth  the  first  into  two.  w  < 
residt,  and  in  a  third  stage  the  di\'ision  of  the  four  sphem  h 

Fig.  631. 


a,  Seciioii 
cntomerM   hj 

le  Kbstop«f« ;  1^  i 
■IttCe  in  whidi  livid  is  1 
duamUte  between  tb«  < 
HMm,  tlie  formef 
e,  the  fluid  h«a  mudi  i 

«et4itDerH  except  a4  tmm  fut 
dermic  Toeide^  Its  vall  fa— 
of  cctodermic  etSK  wil^j 
entomeiw  idlwriaf 
s.p,,  ect,,  m/., 


cdli,  Vila.  J 


nnmher  np  to  eight.     It  is  to  b©  remtrked  however  i  _ 

two  spheres  resulting  from  the  first  cleavage  is  not  eqoil,  bl 
which  we  shall  call  the  upper  is  the  largest*  and  it  is  $im  I 
diflFerently  affected  by  reagents  from  the  lower  one ;  aikl  Vm 
has  suggested  the  view  that  this  difference  is  alneqftdr  an  tiidio 
distinction  k'twcen  the  cells  of  the  upper  and  lower  bjei 
blast r*derm  (Nos.  74  and  75 )» 

When  the  division  has  n^ached  the  third  stage 
formed,  i\\eft^  ivt^  iv^mi^  Ui  \\ks^  wpbsv%vsV  sSEtf^cAdvtft  \ 
tlmt  tbe  fo\ir  \o\x^  cfc^^  VeoTofc  motfe  ^c»f^  ^ 
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m  taking  a  central  position  with  reference  to  the  rest,  and  the  four 
cells  at  the  same  time  show  a  tendency  to  surround  and  enclose 
wer,  which  at  a  later  period  their  successors  do  more  completely. 
Bflerence  in  the  rate  of  division  of  the  upper  and  lower  group  of 
38  now  becomes  apparent,  that  of  the  upper  being  somewhat  in 
loe  of  the  lower ;  and  thus  in  the  fourth  stage,  while  the  cells 
\  lower  group  remain  only  four  in  number,  the  upper  have  divided 
imoant  to  eight.  The  division  of  the  lower  group  then  brings 
nnmber  to  eight  and  the  whole  yolk  consists  of  sixteen  spheres. 
ere  is  now  found  also  to  be  a  change  in  the  relative  size  of  the 
'  and  lower  groups  of  spheres,  the  latter  having  now  become  the 
•  and  fewer,  and  also  the  more  opaque  and  granular  in  their  aspect. 
B  upper  spheres  at  the  same  time  show  more  and  more  tendency 
read  over  the  surface  of  the  lower  group  which  are  gathered  to- 
rin  a  ball,  and  thus  to  surround  and  enclose  them.  This  enclosure, 
rer,  is  not  complete  till  the  tenth  stage,  when  the  whole  number 
hereSy  or  cells  as  they  may  now  be  called,  is  9C,  of  which  C4  are 
of  the  surface,  and  32  occupy  the  interior. 

are  is  a  time  however  during  which  the  external  layer  of  cells, 
h  covering  the  mass  of  inner  ones,  does  not  completely  close  them 
t  leaves  one  or  more  of  them  \'isible  by  an  aperture  which  has  been 
ired  by  Van  Beneden,  but  according  to  some  on  insufficient  grounds, 
blastopore  or  aperture  of  invagination  in  the  lower  animals.  This 
ire  is  soon  effaced  by  the  union  of  the  external  cells  over  it,  and  in 
iage,  which  may  be  regarded  as  the  completion  of  the  segmentution, 
Tim  is  covered  externally  by  an  entire  layer  of  nucleated  and  some- 
prismatic  cells,  while  tne  interior  is  occupied  by  a  solid  mass  of 
)£  a  different  character.  Thus  the  whole  segmented  ovum,  which 
I  only  slightly  increased  in  size,  is  converted  into  a  hollow  cellular 
J  to  which  at  a  later  period  the  name  of  IJastodirmic  vesicle  is 


dal  Sagmentation.— The  process  of  segmentation  as  it  occurs  in  mepo- 

ova  contrasts  widely  in  its  more  apparent  phenomena  with  that  pro- 

^  described,  and  yet,  considered  as  one  of  protoplasmic  cell-division,  and 

Fig.  632. 


2.— Surface  views  op  three  early  stages  of  seomektatios  is  the  fowl  s  Koa 

(From  Balfour  after  Coste). 
ige  of  the  Primary  furrow  ;  B,  firet  Radial  furrows ;  C,  other  Radial  furrows  with 
dicular ;  «,  edge  of  the  germinal  disc ;  &,  primary  and  vertical  furrows  ;  c,  smaller 
and  d^  laiger  peripheral  segments. 
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viewed  in  the  light  of  the  relations  of  its  germinal  and  nntritlre  joIknU 
each  other  in  the  ovum,  the  phenomena  may  be  regarded  bs  imau 
similar.  In  the  egg  of  the  bird,  as  in  the  common  fowl,  the  pdmazy  hi 
tion  of  the  germ  is  limited  to  the  cicatricula  or  germinal  disc,  tnd  tbk 
is  accomplished  daring  the  descent  of  the  yolk  or  ovarian  OTnm  thn 
oviduct,  and  particularly  in  its  lower  i)art,   while  at  the  same  time  ik 


Fig.  633.— SrBFAfi  nn 

G£Un5AL  DISC  OF  TO 

EGO  IX  A  L&m  ma 
XESTATiox  (fzvm  K 

Cf  bjdaW  central  Kgi 
Kphercs  ;  b,  I&rger  tepa 
£ide  these ;  a,  large,  nj 
circumscrilMed,  mai^K 
c,  margin  of  the  germijult 

being  enclosed  in  ib  ai 
constitueutd  of  albnma 
brane,  and  shdl  deriTC 
secretion  previoiis  to  it 
laid.  This  de»>ettt 
occupies  in  the  ooomi 
from  1 6  to  24  honn  oru 
longer  period,  and  the 
of  segmentation  ii  the 
comparatively  lapid  oo 
The  more  obvious  phenomena  attending  this  process,  as  obsemd  1 
(Xo.  22,  iii.)  and  Kolliker  (Xo.  28  i.  p.  70),  consist  in  the  occurrence,  fiiet  of 
or  cleft  across  the  cicatricula  in  a  determinate  direction,  which  appean 
right  an<:;-les  to  the  long  axis  of  the  whole  egg.  This  is  soon  followed  Iq 
groove,  which  crorftscs  the  fii*st  nearly  at  right  angles  or  intersects  it  tX 
sides  in  two  separate  places.    In  a  third  stage  the  four  segments  of  the 


Fig.  634. 
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Fig.  634.— Vertical  section  through  mork  than  a  half  op  the  gerxtx. 

A  FOWL  IN  THE  LATER  STAUES  OF  SEUUENTATION  (from  BalfoUf.) 

Cf  indicates  the  middle  of  the  germinal  disc  ;  ff,  one  of  the  laiyer  peripber 
ft,  larger  cells  in  the  deeper  part  of  the  blastodenu  ;  c,  edge  of  the  blastodo 
the  white  yolk  {iv) ;  most  of  the  cells  contain  nucleL 


disc  which  were  separated  by  the  two  first  grooves,  are  again  divic 
grooves,  eacli  of  which,  like  the  first,  has  a  radial  disposition,  so 
segments  now  result.  But  in  a  fourth  stage  the  segmenting  groove  t 
cular  or  concentric  direction,  and  is  such  as  to  cut  off  a  small  por 
upper  augVe  ol  «\iOx  ol  \}Ei<&  ^i!^\»  ta^c^  %i!s!scsi^\^tfi  close  to  the  centr 
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tfB  are  thus  formed,  and  ^ubscqtienUy,  by  ft  less  re^ar  altenmtiii^ 
mm  of  radial  and  con ceu trie  division  the  whole  disc  comes  to  be  divided 
Bper  portionu^  within  each  of  \\hich,  its  appears  in  the  end,  a  nucleus  i^ 
^oid   which  therefor©  have  the  value  of  true  protoplasmic  cells*    They 

fact  the  prectUBors  of  the  formative  cell**  of  the  blartodenn.  It  apfiears-" 
r  th^t  the  cells  which  thus  rt^ult  from  the  segmenting  process  wte 
fid  in  two  layers,  an  npper  consisting-  mainlj  of  one  Tang«  of  cells  which 
mrer  and  with  more  defined  ontliues,  and  a  lower  set  of  cells,  which  axe 
hat  larger,  more  opaque  and  granular  in  the  ir  aj^pcct  and  more  loosely 
effnlarly  dis^jwifeiL  These  layers  are  separated  from  the  yolk  below  by  a 
which  may  be  called  the  segfmentation  cavity^  and  they  correspond  with 
nckitiire  hiyers  of  the  blastoderm* 
aaiare  of  tJie  raeroblastie  form  of  f^gmentation  now  described  was  first 

underHtood  from  the  ob^ryations  of  Kolliker  on  Cephalopoda  in  IS44  ; 
»  phenomena  have  Bince  been  inve^igated  in  reptiles,  cartilaginous  fishes^, 
ler  animals. 

hie  Tcteostei  or  osseous  fishes  the  segmentation  is  also  p^^rtial,  but  with  a 
mppToaxit  to  the  unequal  cleavage  of  the  Amphibiat 
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m  the  prccedin*;  necouot  of  tlic  seji^ientjition  of  tlie  ovum  it  up- 
that  in  thu  iimiiiotic  vcTtcbratts  the  ^'onLTiil  result  of  thiit  jmx*e.*j*  h 
nnat  ion  uf  a  flattened  or  inernl>ranoua  plate  or  Javer  uf  ■Ji-gaiiised 
and  the  fnrthtjr  eibsrrvation  of  the  progresa  of  development  of  the 
allows  that  the  whole  of  the  "genetic  chantries  to  which  the  f>ai'ts  of 
iture  embryo  owe  their  origin  take  plaee  within^  or  in  close  conuec- 
ith  the  cellular  elements  of  tliis  plat^i  or  membrane*  It  is  estseiitially 
■ore  the  germinal  part  of  the  eg^,  and  in  the  discoid  foiin  which  it* 
kts  in  birds  was  ajipropriately  namtd  by  FamhY  fjermhutl  mmibrmw 
(ihaut)  or  Blastoderms, and  this  name  k  equally  a])p1ied  to  the  vesi- 
form  which  it  presents  in  mummals  and  tfoiiie  other  animals, 
tfie  sauropsida,  and  to  some  e*\tcnt  also  in  the  mammalia,  the 
derm,  on  the  com{iIetion  of  the  primiiry  segmentation,  doe«  not 
it  of  one  layer  of  cells  only,  but  ehows  a  tendency  to  division  into 
ayers  or  two  sets  of  cells,  of  which  the  external  are  generally 
ore  advanced  m  their  state  of  development  From  their  n^lutive 
on  these  layers  o^ay  be  distinguished  aa  the  upper  and  lower^ 
tt^r  and  inner,  primary  layers  of  the  Ijlastodenii.  Between 
two  layers,  as  they  Ik  come  mon;  differentiated,  at  a  subsequent 
ill  very  early  stage  of  blastodermic  development  a  thinl  or  middle 
makes  its  appearance,  producing  thus  a  trilaminar  structure, 
e  result  of  all  modern  embryological  research  has  shown  that  the 
mgm  and  formation  of  the  several  systems,  ctrgans,  and  textures  of 
tibryo  stand  in  definite  relations  to  the  several  layeii5  before  mcn- 
l  or  their  derivatives,  it  will  Im  apjiarent  that  t!ie  history  of  em- 
ic  development,  moi-e  especially  in  its  earlier  stnges,  is  in  a  great 
tre  the  narrative  of  the  organogenetic  changes  occurring  in  the 
,  middle,  and  lower  layers  or  cellular  strata  ef  the  blastodenn. 
prelimixLaxy  ITotice  of  some  of  tke  Fimdameiital  Phenomena 
arFelopment.— BcDtl'  prucecdiiiii  to  consider  tiie  s.-niewlint  mtri- 
ind  still  imi>erfectly  understood  subject  of  the  luUure  and  ongin  of 
lastcwlennic  layers,  and  titiir  ix'latiou  to  the  phenomena  of  de\ clop- 
it  may  aagisl  iii  some  degree  the  comprcbeusion  of  what  is  to 


parD,  remamiDg  muen  tiimuer,  lorms  toe  CTanspareifi 
layer  of  the  blastoderm  extend  over  tbe  wbole  of  tl 
layer  in  its  primary  coadition  reaches  only  as  far  as  t 
of  the   opaque   area,   becoming  there  coDtinuous  wit 
substance  of  the  yolk   in   the   tliickened  part  Tvliifl' 
germinal  ivalL    After  a  few  hours  of  inculation  th^ 
from  being  at  first  nearlj  circuJar,  tecomes  oval 

Fig.  635. 
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Fig,  eSS^—TKAKBPABlESfT  ARK  A  Of  TH«  mJiSTODlMt  OF  Jl  CHlCm  i 
gllOWntO  THB   COStMKKCKMKKT  Of  THK    rWMrTim  STEXAE. 

pr.s^  primitive  streak  ;  r7.j9^area  pellucitla  ;  a,op,  tttc&  opttoi* 

Fig.  636. — PrmroRii  TKAKsrAaKjrr  An«A  of  th«  cnicK's  blamoiib 
OEoovs.     (Pnuo  BdfourJ 
p}%  priniitjTc  streak  and  groove ;  «/,  amniotic  fold  comn 
roiuid  the  primitive  strf^nk  indicates  the  eixtetisiou  cf  uiesoblj 

and  on  that  Bide  of  the  o\*al  which  afteiivards 

of  the  pjTiform  Bpace,  and  tlierefore  near  the  margiS 

opacity  appears  (Kupffcr,  No.    113),  which    is    grad 
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into  two  ridges,  extending  backwards  so  as  to  enckise  partmUy 
front  of  the  primitive  etreak  ;  they  unite  or  run  into  one  at  tlie  fore- 
These  ridgefl  and  the  thickcneJ  plates  within  thera  are  the  dorsal 
and  medullar  1/  plates  which  form  the  commencement  of  the  brain 
spinal  marrow  or  cerel>ro-spioal  axis  of  the  embrj'o.  It  will  after- 
^^'^rda  l>e  shown  that  the  primitive  streak  and  groove  are  comparatively 
2^«uiC8tTnt  and  unimii*jrtant  structures  as  regards  the  organa  of  the 
^TU^ure  embryo, 

TIk"  dorsal  ridges  and  medullary  plates,  eontiniiiiig  to  grow  steadily, 
^^Uiud  themselvt;8  from  befuixj  hackwarjs,  so  as  to  encroach  more  and 


^it'  d57.  —  SUBFACB  VIEW 
^^MiliaiAMlflTIC  SECTIOH 
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M,    tJid    mcBoblist 

to  be  fomrad,  And 

oatirardt  from  the 

«t  the  primitiro  utreak 


Fig.  637. 


h,  the  h7pob1&»t,  extending  acrona  b«low  uuL  f«amns 
into  tbo  genuLiuil  wall  of  the  >(ilk,  ^e  ;  w,  th«  whito  ;  and  y,  the  yellow  or 
jotk  siibstuice. 

'^kiorc   upon   the  primitive  streak,  which   they,  alonjt^  with  the  meso- 

^ftiafltic   oolumns   on   either   side   of   them,  portly   extrude   and   partly 

^molom ;   and  the  ridges,  rising  and  approaching  one  another,  unite 

ftognther  along  the  dorsid  line,  first  at  a  limited  spaa;  and  then  more 

waoptetelv  till  at  last  they  form  a  closed  medullary  tube,  wider  anteriorly 

1^  ItM  cepnalic  part,  the  whole  thus  giTing  rise  to  the  primitive  form  of 

tha  biuin  and  spinal  marrow. 

I^H      Below  the  medullary  tube  there  ig  formed  abont  the  same  time  the 

^Hedllll^  oolomn  named  chordii  dorsalis  or  notochord,  which  occupies  the 

^Vpboe  of  the  centres  of  the  future  bodies  of  the  vertebnc  and  basis  of  the 

^^  cnmitim,  and  by  a  somewhat  later  process  the  mdiments  of  the  vertebr® 

"  themselves  in  their  centra  or  bodies,  which  enclose  the  notochord,  and 

their  neural  arches  which  anrround  the  medullary  canal,  together  with 

the  muse  alar  plates,  which  are  the  sonrce  of  the  voluntary  muscles,  come 

to  be  developed  from  the  middle  layer. 
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Tbo  fomirttion  of  Mood-vegRels  and  Wood  and  the  dmnltj 
lopment  <>f  the  heart  folliAv  in  another  i>art>  of  this  layer,  andm 
what  hxlL'T  8tsi;!^^c  tlierc  take  place  the  inflection  and  other  changn 
whf>le  Idastodtrmic  lavei"s  whicli  iiionld  the  iK^dy  of  the  emb^ 
fiemhlance  of  its  later  forai,  »,^ivctho  dietinetion  of  head,  tmnk,  ii 
and  lay  the  tbiiutktion  of  the  alimentary  canal,  its  aco.imjKiiiyiiigg 


Fig.  688. 


Fig.63d« 


^^nc 


P/ 


'V^ 


Fig.  638.— SUBFACE  VIEW  OF  THE  TRA5f^|'JlREKT  AUKA  OF  A  BULfTOVICmX  H 
flMilHWUAT  MAUilA.V]ClTlC  (froiii  Bftlfour,)  ^ 

^)r,  pHrnltiTe  ^ti^tiv^^  clo«»ed  in  fn^tit  l>y  the  co&lesccncc  of  Uie  tvo  kli 
hjc,  mednUary  gr*>ovc,  hfiTiD^  on  each  fide  die  medullary  fold*  oc  ril^M  A 
meet  in  front  to  eneloae  th«  groove,  Init  divci^e  behind  fo  a*  lo  cnrlov  i 
Htreak  ;  in  front  the  fold  of  the  aiiiniun  i«  cuinmencitig. 

Fig,  639. — Alii: A   pellcccpa  A!fo    kcmvekts  of  thje  bmbit^xbick 
^AV.     If    (Frrnn  KOllikcr) 

jtr.  ^rimitiTe  sttrmk  nnd  groove ;  i^T,  dnt-Ral  or  mcNlullary  rUgM  i 
medQllary  groove  near  ite  middle  ;  nil,  AAiid  lone  ;  /*i,  X)<^«tal  ton 
boioites  •  CA,  noloehoril  ;   fT./,  cepltaliefidd  ;  rA  anterior  i 
r^,  anterior  or  tunuiotic  fold  ;  Ai\  Area  jielluddjv. 

and  other  ortjans,  tocrether  with  the  extra-embiyonie  «tnii 
the  amiHtai»  yolk-Rack  and  al!autois,  cf»nFtitiitinj£r  the 
embryo  mid  niembntiies  <if  the  deTcloped  unmi. 

2,  Belatiom  of  tke  Layers  of  tlie  Blastoderm  to 
ment  of  Bifferent  S^rrkems  and  Organs. —  In  X\\\%  cotn^ 
nitntal   ]m»€ess,  accurdin^*  to  the   views   ijf  Reniak,   witky 
niodilicatinn  uh  is  necesstiry  to  brinj;  them  into  conformi 
of  fiiiire  Recent  discovery,  the  n|i|ier  layer  of  the  b' 
name  epi blast  (or  mntro-eindemml)^  \%  the  exclusive 
the  nervv^ua  system,  central  and  perijiheral,  with  tlie 
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ring  of  the  bodr  and  lininjr  of  the  mouth,  together  with  its 
ids  and  other  parte.  The  lower  layer  or  hypoblast  (the 
tttar)  js\\QB  rise  to  the  epithelial  limnt;  of  tlie  alimentaiy 
-puBsag^,  the  principal  gland-ducts  and  the  ceHiikr  ele- 


F%.64fll 


.1.  riXW  OF  A  BMSTTOMSK   AVD  MU" 

jLTiKa  rzvic    nESijisLi^Tio   FOHtrns 

[iflrt  of  the  prinutivo  streak  ;  /►./>/*, 
be  medulbiiy  riilges  have  come  to* 
Iter  p^H  of  their  extent,  Imt  have 
lie  dtadal  KweHlo^  are  viaible  on 


ifit  nndei^oes  6iil>di\Hsion  and 
)re  complex  destinatifjn.  By 
m  it  forms  the  matrix  of  the 
id  fikelettm  aod  the  aissrjeiated 
ides.  By  the  upper  plate  of 
b  {Somafir  ar  jmririal  Mp90^ 
\  rise,  ill  assriciatiou  with  tlic 
B  osseiHis,  filnoim,  muscular, 
aiy  substance  of  the  1>ody- 
»;  while  its  lower  pfate  {rise^ral  mpnohlast)^  separated 
er  by  the  hody-cavity,  sup]>lie8  tlie  fiirmative  material 
aod  uiTjR'uhirwaU  of  tfttj  uliiiierUarr  caoal,  the  lymph  and 
system,  and  the  uriuai^  and  j^teuenitive  ot^ns. 
nsiouB  or  plates  of  the  mesolilast  uuw  referred  to  (parietal 
[neeoblust)  in  extending  thenuseivcs  peripherully   iu  the 


[TKitsi   racnoN    niRoroH    trie 

K  BEVuRfi  AKD  SOUE  TUtE  IPTKR 

Of  THK    JI&PCLLART  CAKAt,  TO 

iriHD  ATEDlMJWyWABDlSFI^CTlOSS 

I  of  tbo  first  (lay.  1,  notoohcud; 
i  ;  8,  edge  of  the  doixal  lamina ; 
mohiMA  divided  into  upper  and 
hypoUlaBt ;  7,  section  of  proto- 

i  da  J  in  tlie  lumliar  region,  1, 
heatJi ;  2,  tue^JntUrj  caiud  dow 
ion  of  tbe  medullary  subetance 
L ;  4,  euticalar  layer  of  epiblnst : 
laat ;  5\  risoeial  mesoblasft  (one 
I  tbe  body  caTity);  6,  hj-poblnst 
Mtine  and  spreading  o?er  tbe 
natic  wall  going  lo  form  tho 
fisceral   wall   passing  Into  tbe 


mm,  are  more  or  less  associated  with  the  upper  and  \ow^t 
[x?r  with  the  epihlafit,  the  lower  vriih  the  liypolilast,  »o  as 
mpoeite  sheets  of  the  blastxjdenn,  the  upper  of  which  we  shall 
fialar  sontaik  waif,  and  the  lower  the  vhreral  or  Hplatiehntc 
natopleure  and  8planchnop!eurc  of  Foster  and  Balfimr, 
these  the  upper  gives  rise  by  its  inflection  to  th^  \ttftm^'«L 
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or  proper  eml>ryoiiic  covering,  which  ia  contiTiiioiis  with  the  i 
wall  of  the  embryo  at  the  uiiibihcus  ;  while  the  lower  sheet  fonoiiBl 
exteusioa  the  t^t^ater  fwirt  of  two  other  memhranes  which  ait  in  T 
continuity  with  the  wall  of  the  alimentary  canal,  viz.,  the  jolk-ncki 
the  allantois,  nil  of  which  will  be  described  later. 

It  requires  to  be  noticed  however  that  tbe  foregoing  aooaimt,t 
true  of  the  j^eat  mjijority  of  mammalia,  does  not  apply  to  them  all 
has  been  long  known,  accunling  to  the  discovery  of  Bischoflf  (No,21»iT.\ 
that  ia  the  guinea-pig  the  order  of  the  position  of  the  bb 
layers  is  inverted  in  such  a  manner  as  to  place  the  epiblait 
and  the  hvp<»bla8t  externally,  with  a  corresponding  aiflTermct  h  I 
relative  position  of  the  jmrts  developed  from  the  several  hiytrs :  3 
has  hten  recently  shown  by  A.  Fraser  that  a  similar  iDTeraoQ  U  I 
layers  exists  in  tbe  rat  and  mouse.     (Brit.  Assoc.  Aug,  1882.) 

The  exist^ncG  of  several  laminEC  in  the  germiiial  BUbetratnm  wm  fifHi 
gested  by  C.  F.  Wolff  in  bis  celebrated  work  Theoria  &eneratifnii«. 
1759,  mid  in  bk  later  Memoir  on  the  Development  of  the  Inteatlne  first  | 
in  17G7  and  repablished  in  German  hj  J.  P,  Meckel  in  1812.  It  u.  J 
to  the  more  exact  researches  of  Pander,  conducted  under  the  directioti  of  I 
linger  of  Wilrzburg,  and  published  in  1817,  and  the  modifications  of  Uwott  bf  1 
Baer  (1820-1837),  that  we  owe  the  first  consistent  attempt  to  conned  tkij 
Tclopnieut  of  tilt)  several  org^anaand  ^stemfl  of  the  eujbryo  i^-ith  the  diffemfSI 
stitueot  pnrt«  or  lay  era  of  the  blastoderm.  Pander  reoogniiod  % 
Btnicture  of  the  blastodenn  and  distinguished  the  three  lajm  oovpo 
their  order  from  above  downwards,  or  from  without  inwaxds  la  the  cd^rJ 
jf  mw^i  Tti/icuhtr,  and  mneon*  layera  (see  Noe.  9,  10  and  12). 

In  1850-54  a  further  important  advance  waA  made  in  the  loiowl^^ge  of  I 
stitntion  of  the  blastodermic  hjen,  by  the  disoovery  by  Hemmk  (Ka  2S)  i 
greater  part  of  the  middle  layer  soon  after  ita  formation  comes  to  be  dh4rfl 
two  l&minoe,  and  Bepamted  by  a  fqiaco  which  corresponds  to  tbe  . 
cavity — a  fact  which  had  been  partially  foreseen  by  Von  Baer.  So 
division  of  the  middle  layer  and  distinction  of  the  parts  wbidi 
developed  from  its  two  lamina*,  might  aeem  almost  to  warrant  tbe  j 
four  dii^tinct  layers  in  the  blastoderm ;  bnt  it  will  be  found  on  the  wbili  I 
convenient  to  consider  the  fundamental  layers  as  only  three,  to  wbieb,  i 
the  nomenclature  of  Foster  and  Balf onr,  we  ahall  henceforth  Bpp^  tbe  i 
tions  of  epiblast.  mesoblast,  and  hypoblast^  terms  which  are  iyBiOByiii0i 
those  of  ectoderm^  mesoderm,  and  entoderm^  employed  by  many  autb<«\ 

3.  OHgrn  aad  GonstitiitioiL  of  tlie  BlAstod^rmie  Lav 

Eetuniiti!^  now  to  the  consideration  of  the  constitntion  of  the  i 
we  Bhall  fitid  some  ditference  of  opinion  prevnilin*^  amon^  cml  _ 
on  this  subject,  and  more  especially  as  to  the  mode  of  on^o  rfj 
middle  layer.    We  cannot  enter  into  a  full  discussion  of  this  ^ 
here,  but  we  shall  endeavour  to  present  a  rery  brief  view  u£  tiv  i 
of  the  most  recent  researches  regarding  it. 

In   the  class  of  birds,  as  already  noticed,  the  f^iscoid 

ErcBcntft  from  tlie  first,  or  from  a  very  early  pr  - 
^  ihiminar  arrangement  of  its  cells,  and  there  is  Xh>  y  m 

hig  the  grwitor  part  of  the  upper  and  mon*  advanced  byer  wilfc  I 
which  is  niltirwards  knoivii  as  epiblast.    The  lower  bycr  coosistiiAl 
of  larger,  more  Bcattered  and  loose  grannlar  celK  l^nt  these  ari] 
them  soon  assume  the  more  definite  form  of  a  distinct  layer  of  ' 
cells  occupying  the  lowest  place  and  therefore  oomqKNidtqg*  1 
to  most  embryologists,  to  that  which  is  later  known  as  hjimUt 
jet  there  is  no  appearance  of  mesobhi^t  or  middle  laTcr  i  onl  bifti 
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and  twelftli  hour  of  incubation  in  the  fowFg  egg,  during 
me  the  primitive  streak  has  been  formetl*  the  Wastodcrm  under- 
side ralile  c'bao^e  in  conoection  with  the  development  of  the 
■jer.    The  primitive  streak  consiate  in  fact  of  a  linear  or  stmp-like 

fig,  U% 


I  >  ^:^ 


L — ^MlCJlOB04>FI0  TIEW  or  A  llSmTIOAt.  aiOTlOR  THAOCGB  &ALP  THI  BLASTODKRlt 

OF  A  iftwLT-LAti>  100.    (From  Strieker.)    *f 

r  hkjtr  of  small  DDclented  ceUs  ;  D,  Iow«r  layer  of  Ux^r  gran  alar  celU ;  M,  iprr- 
I  IjiDg  in  the  sobj^ermlnal  carity  ;  A,  substanoe  of  the  white  jrolk  below  tLo 


cells,  formed  hj  direct  proliferation  iVom  the  lower  cclla  of  the 
,  and  continuing  to  adhere  to  that  layer  along  the  whole  length 
streak.  This  is  the  axial  plate  of  His  and  Kolliker,  and,  as  first* 
by  the  latter  observer,  is  tmdoubtedlj  the  commencement  of  e 
Ue  layer  develof*ed  in  connection  with  tlie  epiblast. 
pt  this  time,  that  is,  after  the  formation  of  the  primitive  streak  and 
Nona  to  the  appearance  of  the  medullary  plates  and  chorda  doreallB^ 
rWastoderm  in  the  foi-epart  of  the  germinal  area,  both  of  birds  and 
broals,  consists  of  only  two  layers,  and  it  is  not  till  some  time  later 
i  the  mesoblast  which  gives  rise  to  the  pro  to  vertebral  plates  is  found 
bve  extended  itself  into  this  region. 

Fig.  643. 


k 


T— TftAiwriBai  sxcttok  THKoran  t^k  FRoifT  rki>  or  tite  rRiMrnvE  stmak  ajtd 
BLA9roi>ERii  OF  TUB  CHICK.     (Prom  Balfour ) 

"  primitiTQ  grooYO  j  iw,  mesoblast  ;  tp^  epiblast ;  Ay,  hypoblait. 

^th  regard  to  the  mnch  del>atod  ^inestion  of  the  mode  of  origin  and 
iision  of  the  mesoblast  twu  (hfferent  views  mainly  prevail  among  the 
rvoh^gists  who  have  most  recently  investigated  the  subject ;  according 
l€  of  which,  maintained  by  KolUker  (Nos.  28  and  01J)>  Braun  (No,  110) 
others,  the  mesoblagt  is  entirely  derived  from  the  axial  ^\bX^  ol  ^Joa 


i. 


Fig,  6i4.-^loiTCMTnDrMijj  EscnoM  ov   the   sLAsroDiax   of  ^ 

PRIMITIVE  SrrillAK  AKD  THK  FART  tJt  FBOPT  OF  It  (fi 

JW.5,  pTimitive  streak  ;  ep,  epiblast ;  Ay,  hypoblast  in 
n,  nnciei  in  the  jalk  wait ;  yk,  jolk. 

In  a  recent  re\^«ioii  of  the  whole  evidence  on  thi«  qnestdc 
Ballouf  and  Deighbon  (No.  108),  fonnding  their  opinion  npon 
observations  made  by  them  on  the  eomman  fowl  and  dodi 
lateral  ejcpaninon  of  the  lajer  of  meaoblafit  fonned  in  couMotM 
there  takes  plaoo  both  in  the  reg-ion  of  the  primitive  i 
the  germiniU  area  a  rapid  proliferation  of  oells  preoenll 
connected  below  with  the  upper  surfaoe  of  the  lower  H^ 
of  the  transparent  area,  Theee  oelk  are  at  first 
of  the  a^al  meaoblastio  plate,  bnt  below  the  pHmitiye 
mately  tmited  with  both  epibla«t  and  hypoblut  as  to  m 
oontinaoi]fl  in  that  elttiation.  Balfour  and  Deighton  tli6r«fi 
with  Kollilcer  the  origin  of  a  main  aheet  of  m@!ioblMit  ten 
streak  plate,  are  inclined  to  diifer  from  him  so  far  v  to  sti 
the  lateral  mesoblfifitic  plates  which  fonn  the  mesoblafltio  won 
the  embryo  to  the  differentiation  of  hypoblostlo  or  lowe 
however  they  allow  are  oontinuouH  with  the  wing-like  or 
the  primitive  streak  or  axial  me»obla«t^  These  aathim 
third  sot  of  mc^blaittic  elements  may  be  derived  ; 
the  blaotoderm,  via.,  £jn>m  the  noBltt  vid  oaU^  af  ( 


e  aatlra^^ 
:  ftoni^^H 
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Btic  Begmeetatiou  of  the  ovum,  seems  to  determine  some  modifi- 

in  the  mode  of  fonnation  of  the  layers.     As  already  stated,  the 

Bdon  of  the  primary  ge<?mentation  leads  to  the  covering  in  of  the 

ovum   with  a  layer  of  flattened  nucleated  cells,  within  which, 


^ 


Pig.  645, 


Fig.  646. 


.  $45.— EmBBTOHIC  4KEA  FftOK  THE  OWM  07   A   RABBIT  OF  SKTKW  DATS.      ^,       (PrOM 

Kcimkcr.) 


pr,  fint  rudiment  of  the  primitiTe  atre&k, 

?  AKBA   FfiOM  THS  OTVIt   OF    A   RABHIT  OF  Bl 

KoUiker.) 
org,  border  of  tho  embiyomfi  arsi ;  pr^  primlUve  sireak  witli  groore. 


.64^--Blt8lLrOKlC  AUA   FBOM  TH«  OTUH   OF    A   RABHIT  OF  BIQHT  DATE      ^*      (From 

KoUiker.) 


the  fluid  remains  of  the  original  yolk -sub  stance,  there  is  the 
lafii  of  granular  cells  or  segmental  spheres,  which  by  tbcir  further 
etopment  and  extension  come  to  produce  owe  or  more  deep  or  internal 
which  gradually  spreading  over  the  interior  give  a  bilaminar  or 
structure  to  an  increasing  area  of  the  blastoderm. 

Fig.  047. 


fl^  €47.— SmBETOITTO   area,  with    OUTLimS    of    part  of  THI   TASOtJLAR  ARSA«    FBOK   A 

K.&BJt[T'fl  OVUM  OF  sKViJf  DATS     Y'     (From  Kolliker.) 
«o^  TMemhr  am  ;  (t^t  cmlji^omc  Jirca  ;  pr,  primitiYO  ain»kk  and  groo^ ;  rf,  aedolkry 
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It  ii  in  the  centra]  part  of  the  blastoderm,  at  the  fifth  day  in  the 
nbbit,  and  when  the  iuner  layer  baa  advanced  over  about  half  of  the 
t&lmor,  that  a  discoid  tliickening  or  opacity  occurs  which  gives  riae  ^ 
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the  mihrijofial  arm  (tache  emhryonnavre  of  Coste)  ;  and  it  is 
tained  by  the  obserrations  of  Hensen,  KoUilcer  and  oth^i^  that 
appeamnce  of  the  primitive  streak  and  its  grcwDve  and  the  ooomii 
of  the  medallarjr  canal  and  vertebral  radimente  take  place  in  a 
essentially  the  same  aa  in  birds*     But  the  sarae  or  even  a  greata 
of  doubt  exists  in  mammak  as  in  birtls  tis  to  the  mode  of  origin* 
mesoblast,  and  there  arises  also  in  them  the  further  qufiatic%t 
how  far  the  external  vesicular  layer  of  cells  corresponds  prednM 
later  epiblast,  as  was  for  some  time  generally  believed  to  be  thai 
whether  the  deeper  or  internal  layer  of  cells  may  als*)  contribot* 
formation  of  that  layer*  ' 

Fig.  648.— ExBRTo  or  Tzm  doo  wax  moM  u^ 

A   POETiaV  or   THS  BLASTODSMI 


i 


\ 


> 


>pv 


Fig.  648. 

The  medulUiy  canal  b  not  yet  ckfeil,  ^  i 
dilatatloti  at  the  cephalic  extremitj  vith  *  pivtid 
into  the  three  primikry  cerebral  Teeidei ;  the  piril 
tremitj  thowa  a  rhomboid&l  ealargemeat.  Thi 
fold  oroflsea  below  the  middle  eoiebiml  vendei 
mordtal  Teiiebml  divisioiw  are  Tiiible;  m,  % 
diTisioD  of  the  bIaeto<lemi ;  sp,  the  lovtr  dinii 
they  hare  been  cnt  awaj  from  the  periphaial  fUt 

Some  part  of  the  difficoltj  now  ixMBlii 
arisen  from  the  obeerratioiit  of  A.  BanberU 
who  in  187o  detected  the  preaenoe,  in  additji 
other  layers  of  the  bUstodenn  in  the  raUidl 
lajer  of  flat  oell^  closel j  adherent  to  the  oulq 
which  be  found  to  have  onlj  a  tempomy  # 
and  g^rmduttllj  to  disappear  in  the  ooone  i| 
Telopment  of  the  other  layers.  LieboUi 
years  later  (No.  104)  Bbowed  that  the  ooM 
flat  oeUs  deeoribed  t^  Eanber,  which  foon  m 
of  the  onter  oorerixig  of  the  blaatodenrij 
reeulting'  from  the  primary  ecfgnicaitaUon* 
principul  source  of  the  permanent  epiblast,  but  that  th&t  lajor  i 
hypoblast  or  lower  layer  are  the  product  of  differentiation  of  tht  i 
form  the  inienml  maas  of  fiegmentation  epherea  or  *'  yolk-r 


Fig,  649. 


1 


fFv^r^iCCM--- 


p^g^35-^flp- 


f\%.  649.— Two  TRAHsnitaB  sicrioss  tbiougk  tub  axuaTOirfe  Aiaa  «t  ^ 

OF  eimt  i»ATS.    (From  fialfoar.) 

A^  throngti  the  Anterior  port  of  the  embryonic  ana.  for  aboai   kalf  iii  ^ 

through  the  iwreterior  part  of  the  primitive  itieak  ;  tf^  epiblasi ;  4y, 

EoUiker,  who  waa  led  bj  earlier  obierrations  on  the 
the  rabbit  to  coincide  with  the  views  of  Eauber  ae  to  the  tnwiffJlfny  ] 
Otttex  layer  of  flat  cella,  haa   mote  recency  QSSS)  (lf<K  9<^  &) 


ORIGIN  OF   THE  MESOBLIST. 


757 


subject  and  htia  described  the  result  of  renewed  obaezTationfl  made  on  the 
>^tt  as  follows  t — 
"i'lx«  embijonal  area  of  the  rabbit's  blaflbodermic  Tesicle  oonslsts  at  the  fifth  day 
'^2uve  lajers,  of  which  the  upper,  oorresponding'  to  Eauber's  flat  cells,  is  the 
with  the  outer  bjer  of  the  priinitive  bhiatodermio  vesicle,  while  the  otiier 
Ijijen  an2te  by  the  widening  out  of  the  maaa  of  inner  coUb,  and  its  subsequent 
into  two  laminae.    The  outer  layer  of  cells  is  transitory,  and  is  not  th:j 
i  of  the  permanent  epiblast,  which  la  formed,  as  Eauber  supposed,  from  the 
r  of  the  two  internal  layers  of  celk,  while  the  lower  of  these  gives  rise  to  the 
>lyla«t.    After  the  diaapi>earance  of  Eauber's  cells  the  blastodenn  becomes  foi 
^Uxie  distinctly  bilamlnar,  the  cells  of  the  upper  layer  being  more  regularly  scv. 

Fig.  650. 


V|f.  650.— A  swcnojx  TuaoiraH  piit  or  a  iiLAaiiarAR  blastoukkk  or  tuk  cat* 

(E.  A.  8.) 
•of,,  rni,,  ectoderm,  eutoderm  j  z,p.,  thiuned  oul  loaii  pellucida. 

^*d  oolomnar  in  form  ;  thoee  of  the  lower  being  largo  and  flat,  as  well  dflecribed 
•*y  BetUMQ  (98)  and  Schafer  (No.  \m% 

^  ^hm  msffoblast  first  makes  its  appearance  in  the  oouise  of  the  seventh  day  in 
^**uiection  with  the  formation  of  the  primitive  streak,  and  according  to  Kolliker 
■^•fbnDed  entirely  by  proliferation  of  celk  belonging  to  the  epiblastic  layen  This 
^^Inlor  multiplication  takes  place  in  an  axial  plate  very  similar  to  that  pr<?vioiialy 
'    1  in  the  bird's  egg,  and  the  mt^^blastic  sheet  which  rysulte  ext^ds  in  the 

Fig.  65L 


I 
I 


9Sf.  tfSL^Stcnoff  or  TRtLiMnfjUi  blastodkrm  or  Tern  babbit  or  iioht  bats  amp 
MINI  HQUtts,     (Kollikcr.J 

«eL,  €ni,^nM  before;  ma,,  mesoderm  contiauoos  in  middle  (pr,)  with  ectodsnn. 

mam  niAniier  forward  along  with  the  primltfve  streak  from  the  margin  of  the 
m^brytauti  area  where  their  development  begins, 

AooQTding  to  KoUiker  the  cells  of  the  mesoblast  have  from  a  very  early  period 
of  Ibeir  existence  a  marked  spindle  and  stellate  character,  and  in  this  respect 
obrionfly  from  thoee  of  the  epi  blast  and  hypoblast  [  and  thus  the  nheet  of 
lionitation  is  easily  recognisable  both  on  surface  views  and  in  section's,  as  it 
from  ite  median  attachment  to  the  axial  plate  laterally  over  the  surface 
4i  the  germinal  area.  The  sheet  of  mesoblasb  spreads  out  at  first  onlj  to  the  i$ides 
•fll  the  primitive  streak  and  backwaixhi,  being  widest  behind  ;  but  after  a  time  it 
alee  exlends  forwards  in  the  form  of  two  lateral  plates  which  spcead  into  the 
anterior  port  of  the  gf;rmiual  aipa,  in  which  previoui^ly  the  blastoderm  was  only 
MJMBlfTfT  and  finally  it  pa^^eB  from  the  embTyonic  area  into  the  whole  extent  of 
lb»  fmrroundlng  vascular  area. 
The  ob«»»TvationB  of  Heape,  made  like  those  of  Lieherktihn  upon  the  blasto- 
of  the  mole^  confirm  thoee  of   Ku'lUker  upon  the  rabbit  fin  to  far  thnt 
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they  sliow  the  larger  portion  of  the  mesohket  to  he  produced  from  flpfldH 
axial  plate  of  the  primitive  etreak ;  bat  he  is  led  by  hi*  reseandiei  ibo] 
cate  the  view  that  a  portion  of  the  mesoblast  is  deriired  from  hypofaM 
anterior  region  of  the  embryonal  area  in  the  same  manner  a&  B«lfo«ir  hd^ 
the  caae  in  birdB.  He  la  also  meltncd  to  believe  that  the  flat  oelb  oli 
combine  In  part  with^  or  are  converted  into^  the  upper  lajer  of  th«  p 
internal  oella  to  form  the  epiblaat  (No.  107). 


Fig.  6£2l — Seotioh  op  the  rabbit*s  blastodkbx  at  tax  lunu 
Van  lienedoji.) 

ed.,  npper  layer,  or  Eaubor'n  cells  ;  twj.^  middle  lay«r ;  eni,. 


^ 


bedbri 


B.  Van  Beneden  takes  quite  a  different  view  of  these 
Not  admitting  the  traimitory  nature  of  the  upper  layer  as  deKzibed  I17] 
holds  that  ihiH  layer,  which  is  co-exten«ive  with  the  whole  bkilodtntii 
he(«>me8  tho  epiblasfc,  that  from  the  more  restricted  pUt«  ol  Aa4 
there  la  first  formed  a  primitive  lower  layer,  and  that  eubstqtiieatiy  Ih^ 
place  a  separation  or  dilferentiation  of  thi^  into  a  ecmaller  cental  iM 
plate  of  rounded  mesobla^tlc  oellB  and  a  wider  lower  layer  of  §ai  hg{ 
oeila  (see  fig*.  662). 

Pig.  653. 


Pig,  65S.— Onm  of  AMtmoxvi  iir  thic  thim  ffwois  or  wuumru^  irri 
AifD  OASTRUIA.     (Ftdhi  HaccIcoI,  aft«r  Ko«^eTBky.) 


A.  hLastida  stage,  or  single  veaicntar  layer  ol  eeU<  rosultiog  fram 
Tagbation  ttage  forming  two  Jayei^  ;  C,  gastmla  iti«»  in  which  a  pvtmiiii* 
cavity  h  en  closed  by  a  bilaroinRr  blastodenn  ;  t,  Mgm«Dtation  ctvitj ;  «IL,  ^ 
iPit,  huier  layer  ;  aL,  primitive  alimentary  cavity  formed  by  mvagifiatiaB  ;  1^ 


GIlNlBfi^Ii   REIxaTIONS    OF    T^    BliASTOPSBM   TO   ^ 

Invagination  of  the  Blastoderm,  OaatrflBa  Theory.— Th« 
by  Kowalfcvsky  in  I8f)7  (No.  83)  of  the  production  of  a  bilamiiiar 
blastodeim  in  AmphioxuB  and  some  invertebrate  animalit,  tagr  thm 
vagiiiati0&  of  a  primary  simple  oellular  hlaatodennic  membniim 
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listy  Begmentation,  and  the  atbampt  of  Haeckel  (No«  d!>)  wbtoh  fol- 
w  tliAt  a  somewhat  analog-ons  proceu  is  umvenol  throughout  all 
bich  the  distinction  Ixitween  ectoderm  and  entoderm  mci««tSf  gn.Te  rise 
^  now  mode  of  viewing- the  relation  of  the  blastoderm  to  the  ovum  and 
I  development.  In  the  Amphioxus  the  inyagi nation  consists  in  the 
k  Of  inwrirdfi  of  one  hall  of  the  primary  blastodermic  ve«iele  upon 
that  the  two  at  la«t  come  into  contact,  by  the  gradual  disappeaninet* 
rening  cavity.  At  the  fiame  time  the  donble  wall  thns  produced 
RBd  converges  at  t^e  margin  of  reduplication  so  a«  to  enclose  a  new 
communicates  with  the  exterior  by  a  narrow  aperture  ;  thip  oon- 
ffo^trula  form  of  the  developing  ovnin  and  embryo.  The  two 
^  the  wall  of  thiri  gaMtrula  correH|>ond  with  ectoderm  and  entoderm 
J  outer  and  inner  layers  of  the  blaHtoderm^  and  the  now  contracted 
ivagination  receives  the  name  of  blastopore  appropriately  given  to 
ikester  (No.  44).  Kow  although  it  is  very  apparent  that  in  the  higher 
m  well  as  in  many  of  the  lower  animab,  there  is  no  actual  infolding 
ioa  of  the  blastoderm  ench  ns  that  now  described,  yet  there  are 
I  connected  with  the  origin  of  the  layers,  and  their  continuity  at 
lere  the  first  traces  of  the  embryo  appc»ar,  which  seem  to  make  it 
lefer  the  phenomena  of  hlastodermic  and  early  embryonic  develop- 
aeral  principle  in  some  degree  oonmjstent  with  the  invagination  and 
ies  of  Kowalevsky  and  Haeckel. 

i  in  this  place  enter  upon  the  consideration  of  this  extensive  and 
>ct ;  but  it  may  be  proper  to  refer  briefly  to  one  or  two  points  in 
ith  its  history  in  the  higher  vertebrates  as  bearing  upon  the«>e 
ewB. 

b  and  Keurenterio  Canal.— We  have  had  occasion  more  than  once 
e  existence  of  the  blastopore  apeitixre  or  indications  of  it  in  the 
ttrates.  The  more  trustworthy  of  these  indications  are  to  lie  found 
le  primitive  streak  and  ito  groove,  and  in  certain  depreseione  and 
Ugh  the  layers  of  the  blastoderm  which  have  been  detected  in  their 
B  more  immediately  in  the  space  between  the  hinder  ejctremity  of  the 
I  primitive  medullary  canal  and  the  fore  part  of  the  primitive  streak 
I  uid  tieptilea  the  deepest  aperture  haii  been  observed,  in  the  form 
ed  poflBage,  which  comes  to  be  established  nome  time  after  the  forma- 
mesoblast  and  proto vertebral  somites,  and  which  leads  from  the 
'rom  the  hinder  part  of  tbe  still  open  medullary  canal  into  the 
or  primitive  alimentary  cavity  round  the  hinder  extremity  of  the 
id  to  which  the  name  of  neurrnferie  rami  I  is  given.  The  fact  that 
lopment  of  a  primitive  trace  takej$  place  in  all  vertebrated  aulmalB 
1,  and  not|  as  was  formerly  held,  for  the  higher  tribes,  in  the  centre 
tnal  area,  affords  some  explanation  of  the  very  obscure  relation 
tween  the  outer  and  inner  primary  layers  of  the  blastodeiTn*  and 
way  for  the  application  of  the  theory  of  invagination  to  the  early 
f  development  in  the  amniota  as  well  as  in  the  lower  vertebrates, 
mring  to  explain  this  matter  we  cannot  do  better  than  follow  closelj 
eition  of  the  subject  given  by  Balfour,  whose  own  researches  have 
>  demonstrate  the  appUcability  of  the  theory  of  invagination  to  the 
pment  of  the  higher  vertebrates.  A  careful  consideration  of  the 
the  primitive  trace  and  its  groove  to  the  ovum  and  earliest 
)f  development,  its  transitory  existence  as  discovered  by  Bony  in 
^,  the  occa'^ional  perforation  of  the  layers  of  the  blastoderm  in  a 
d  its  intimate  connection  with  the  origin  of  the  mesoblast,  has  led 
after  him  several  other  embryologiKts,  to  the  view  that  the  primitive 
estige  of  a  blastopore  or  aperture  of  invagination  of  the  blastoderm. 
groove  and  prolongation  as  a  trace  arise  from  the  very  early  and 
>n  of  the  blastoderm  round  these  structures, 

ion  of  this  subject  wo  may  refer  to  the  diagram  contrived  by  Balfour, 
relations  between  the  medullary  groove,  the  primitive  trace,  and  the 
lastoderm  in  three  different  forms  of  devebpment  as  preeemted  by 
t  m^amohmnchsi,  and  tbe  Anmiota. 
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We  shall  suppose  that  in  all  the  three  «eti  of  animaU  here  i^femd  tOy  ik§ 
primitive  blagtoderm  already  conskfcs  of  two  layers  or  groupe  of  oelU,  TtL,  a 
external  epiblii£ttc,  and  a  deeper  or  miemol  vet  r^reeeating  the  primitive  hypo- 
blast, imd  (leaving  i&  the  meantime  tJie  meeoblast  out  of  yiew)  Bttppoaing  taHa 
that  the  outer  layer  or  epiblast  haa  to  a  greater  cr  lem  extent  oavered  in  the 
deeper  layer,  there  is  seen  in  A,  which  rcpreaents  the  fmg  s  ovum,  a  lonnd  ipot 
yA,  where  the  inner  larger  oelle  or  yolk  spheres  are  irtill  exposed,  and  at  ■#  & 
depression  where  the  outer  and  inner  celU  are  continuona.  These  togellier  npiv- 
sent  the  blaatopc»re  or  place  of  invagination  ;  and  it  will  be  seen  further  thil  it  it 
at  this  point  and  &oni  it  forwards,  that  is  towards  the  head  end  of  the  amltp, 

Fig.  e54. 


"A 


Fig.  65i,—Bi±QRiMs  TLLr$!TnATiKa   thb  PoernoN  or  tbv  bulvtofobs,  as»  TD  ^ 

UtTlOtr  Uf   TBX   KMBRYO  TO   Till  TOLK  III    TAJtlODS    XXlOatASXiO  TXBIBMUfI  <^^ 

(FroOB  Balfoitr.) 

Af  type  of  the  Frog  ;  B,  elaamobranck  type  ;  C,  amoioitc  ▼ertehrate  ;     ^. 
pb(^  and  groove  ;  ii^»  nenrenteric  canal ;  H  portioo  of  bbmlopore  adjoiaiaf  tUi  * 
yk,  port  of  yolk  not  yet  enclosed  by  the  blastoderm ;  in  B  and  C,  M  ia  Iha  ^si^ 
primitive  streak. 

that  the  mednllaiy  canal,  m^,  is  dereloped.    By  the  extensoo  of  the  o«ter 
the  round  ppot,  long  known  as  the  anu»  of  RuBoonl*  is  ooivezad  gradually  ev 
the  epihlost,  and  tlie  apeiture  of  invagination  rednoed  in  lEae,  ia^saQj 
theneurenterio  oanal  bting  left,  however,  for  a  time  moro  deeptj,  ~ 
anus  is  of  later  formation. 

In  the  ela^mobinnoh  0Khes  (B),  of  which  the  ovum  is  merofaaAitio.  ^ 
blastoderm  is  seen  to  have  extended  only  a  oettain  wi^  over  the  jotk,  ^^  ^ 
mob  a  mauner  as  to  involve  or  surround  the  blastopore  apertma,  whklk  mj  ^ 
supposed  to  have  been  previously  mairginal  or  at  the  uiiion  of  Use  ontir  ■>* 
inner  blastodermic  layers,  and  thus  to  give  ri^  to  a  prokoigatKio  ol  tSw  ifif^ 
in  the  form  of  a  groove,  hl^  by  t±ie  meeting  of  the  blastodeim  from  Ih^  tsssii^ 

In  the  aitiiiiota,  C,  the  sepaiation  of  the  emlnyomo  at«a  still  furtte  ffe«i^ 
fiuugin  of  the  blartodenn  ia  effected  bj  the  rapid  aactenikm  of  tlu»  tatisr  1«?w 
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the  ftpertofe  of  inT&i^atioii,  and  thus  the  blastopore  and  ita  prolongBtion  aa  a 
pdmitiTe  trace  and  groove  bxq  brought  more  fully  within  the  embrTomo  oxek, 
while  the  meduUaiy  groove  stands  in  the  «am©  rtilntion  q&  in  the  lower  animRla> 
It  wiE  be  seen,  however,  that  the  first  indicatioa  of  the  primitive  trace  even  in 
the  anmiota  arisen  marginallj,  and  it  is  probable  therefore  that  it  essentiallj 
oorrefipoiLdfi  in  position  with  that  of  the  lower  veitehratefl. 

From  this  it  appears  that  the  first  traces  of  embryonic  formation  in  these 
several  groups  of  4inimahi  stand  in  a  constant  and  defcerminate  relation  to  the 
blastopore,  or  if  we  do  not  go  ^o  far  a»  to  admit  the  occurrence  of  actual  in  vagi - 
aAtiofn*  to  the  place  of  continuity  between  the  upper  and  lower  primary  layeris  ot 
die  blaBtodermj  and  to  the  seat  of  primary  differentiation  of  the  principal  part  of 
the  meiohhiat. 

Fig,  656* 


fig.  B5S* — ^DlAOEAMMATTC   LoVGITITTiTlTAX.   F^KCTIOlta  OF  BtASVOllRJJICn   EMBRTO  AWB 

liLABTtii^Kast,     (Prom  Balfour.) 

A»  younger  stage  with  two  jirimary  laycns ;  B,  more  adrasoed  stage  with  three  Uiyers 
ftad  iuTi^ation  at  the  hinder  eml  of  the  crnliryo  ;  C,  utill  more  advanced  ;  the  embryo 
siised  from  the  blastoderm  with  neural  and  primitive  alifneotaiy  eaaalB  and  aeurenterio 
MBtmvBieatbn  between  them. 

tPf  Cftjbltfl ;  n^  lEieaobtaat ;  £,  epih1ii«i  oonttnuous  with  hypoblast ;  ne,  neural  canal ; 
cl»  noloobord  i  o^  alimentary  carily  ;  mj,  segmentation  cavity  ;  n,  nuclei  of  the  jollc. 

1%  may  be  proper  to  make  meatbn  here  c  f  the  remarkable  observrntioii  by  £. 
Van  Beneden  of  the  exiatt^noe  of  a  email  aperture  or  deficiency  hd  the  external 
kyer  of  cells  on  that  side  of  the  rabbit's  ovum  where  the  inner  oeUa  or  segmental 
ff^cR*  (forming  the  yolk-rert)  adhere  to  the  outer,  which  appeared  to  him 
to  h4Te  the  effect  of  estahliahing  oontinnity  betM'e<'n  the  outer  and  inner  lay  em 
of  the  bUstoderm  in  the  manner  of  a  blastopore.  But  there  arc  difficultien  in  thi* 
way  of  rooonciling  this  view  of  a  mamroiferous  b]a^to])ore  with  those  of  Balfour 
and  others  on  this  subject  ajs  founded  on  thu  ob^rvataon  of  invagination  in 
the  lower  vertebratos.    (See  No.  75,) 

The  ezistenoe  of  a  nenienterio  canal  or  bla«topore  in  birda  waa  disoovered  bj 
Oaaaer  in  1879  (So.  103)«  and  haa  been  eon^rmed  by  Balfoiir  and  Brann ;  and 
trom  these  obaervations  it  appoan  that  it  is  subjeci  to  (some  wialiion  in  poeltioii 
•ad  eactent  in  that  class  of  animals^ 
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Tim  diBoovery  was  extended  to  the  clasa  of  Reptiles  {JAxxpAf)  faj  Knplte  i 
Benecko  in  1879  (No.  1 12),  nod  confirroed  by  origiiuU  obaervations  hj  Balfour ;  nfl 
&  fuzther  seiie?  of  reaearclicit  hy  KuplTer  ( No.  1  ]  :^)  m  the  present  ye«r,  htkre  Bbowa 
that  the  neto^Btetic  canal  exists  m  Ophidia  and  Chi^lonia, 

Wa  owe  to  Hcnsen  the  first  dear  account  of  the  development  of  the  primitiTr 
stretkk  in  mammala  (rabbit),  and  hia  obseryations  have  been  ablj  followed 
np  hf  Eolliker.  The  obf^3^Yat(ons  of  Schafer  on  the  early  blafitodenn  of  tkb 
gainea*pig  hare  ahown  more  clearlj  the  connection  siibBisting  between  the  1 


Fig.  65e, 


xc     ^ 


'» 


Fig,  65B.— DuaRAMMATio  LovarriTi^nriL  Skgtioit  oi^  ait  EitBiTO  or  LActaTA. 

Balfour.) 

j»p,  t>ody  cavity ;  am^  amnion  fold  ;   nr,  neurenteric  Cftiial ;  tk^  noiocbnrd  ;  ijf,  bji 
blattt ;  ep,  epiblast  of  the  medullary  pliite ;    j>r,  primitive  streak.      In  ibt  ] 
Bti'eak  all  the  kyera  are  partially  fused. 


layer  in  the  mednllazy  or  embryonic  reg-ion  and  the  epiblast  and  ] 
anterior  extremity  of  the  primitive  streak,  and  according  to  Balfonr  %  c 
of  this  with  the  conditions  obeerved  in  reptiles  and  birds  leav^  little  doulll  I 
this  union  may  be  looked  upon  as  the  dorsal  lip  of  a  blastopore.     In  the  mole  (« 
partially  also  in  the  rabbit}  Heape  has  ascertained  the  existence  of  a  ne 
canal  similar  to  that  observed  in  other  vertebrates  (No.  107).    Thia  appouii 
aa  ft  pit  at  the  anterior  exlremity  of  the  primitive  i^treak,  and  in  later  fttf^i  | 
f orates  the  floor  of  the  hinder  end  of  the  medullary  groove*    A.  Fruer  a]«  J 
seen  the  neurenteric  canal  in  tlie  rat. 

Blrectlon  of  the  Embryonic  Axis.— It  is  well  known  that  in  the 
fowl  and  other  bird^  the  line  of   the  primitive  streak  oontinned  thiOQ|k  ^ 


Fig,  657. 


Fig,  657.— OrTuiTM  sflownro  thw  astATioK  of  thi  axis  of  thb  kiibbto  'w  tki  "J^ti 

IK  BianS  AND  MAMMALS.      (A.T.) 

A,  Fowl*!  egs  opened  after  35  hours'  incubatiot^  ihowiog  the  einbiTe  ekidk  villjaliil 

transparent  and  vnsctilAr  area  on  the  sitrfaee  of  the  yolk  ;  at  right  angloi  ti»  th«  ]afi|i  ^ 
of  the  egg ;  B  &  C»  two  eariy  ntftges  of  development  in  the  ovum  of  the  <Joe*  ^ 
the  primitive  itreak  {ia  B)  and  the  commencing  embiye  (in  C)  ;   the  liav  of  the  « 
txibe  and  long  dl&metcr  of  the  ovum  being  at  right  angltt  to  the  Terlebval  *m*  «|  i 
embryo. 
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nuedallaTy  groove  which  represeats  the  vertebral  axis  of  the  embryo  is  during  the 
int  two  dajTt  of  incubation  always  placed  at  right  angles  to  the  Jong  axis  of  the 
•g]g,  and  in  a  determinate  poeitiou,  ao  that  if  one  looks  down  npon  the  germinal 
area  in  an  incubated  egg  the  small  end  of  which  is  placed  towards  the  right 
hand,  the  cephalic  extremity  of  the  embr^'o  is  dii'ectcd  forward:*,  and  the  caudal 
extremity  and  primitive  streak  backward.^. 

There  la  some  reason  to  believe  that  the  line  of  the  fir^t  cleavage  of  thi» 
germinal  area  may  be  the  same  with  that  of  tbe  6rst  embryonic  axis  as  now 
doKnbed  both  in  birds  and  amphibia,  but  thia  Ib  not  fully  known.  It  deserves  to 
be  noted,  howeverp  that  the  poHiiion  of  the  clcatricala  in  tlie  yolk  or  ovarian  egg 
ia  &1bo  fixed,  being  invariably  close  to  the  pedicle  of  the  ovi capsule,  and  all  thia 
■eezna  to  indicate  some  constant  relation  between  the  position  of  the  egg,  the 
mode  of  cleavage,  and  the  attitude  of  the  first  lineaments  of  the  embryo. 

In  m^mraala  also  numerous  observationa  show  that  the  axial  line  of  the  embryo 
Is  oonrtant,  and  is  placed  go  as  to  crosa  the  long  axis  of  the  uteruB,  as  may  bo 
4001  in  the  dog,  pig,  aheep,  rabbit,  rat  and  guinea-pig.  But  in  both  mammala 
and  birda  thia  finst  determinate  position  m  soon  lost,  and  a  more  variable  one  la 
aaiomed  by  the  embryo  when  ita  development  baa  odvanoed  so  as  to  separate  the 
bodjr  from  the  refit  of  the  blastoderm  by  an  umbilical  oonEtriotion.  The  eanie 
of  these  rslationa  of  position  is  still  entirely  unknown. 

UX  SPISCUI.    HIBTOKY    OF    THE    DEVULOPMEHT    Oi^ 
TMM    OVUIL 

hk  the  ova  of  the  higher  vertebrates  the  phenoinena  of  development 
&&  aAtnrallj  into  two  groups,  according  assist,  they  occur  in  parts 
bdooging  Btrictly  to  the  body  of  the  future  embryo,  and  are  therefore 
cmbiyoDic ;  or  2nd,  they  are  connected  with  the  production  of  parts  which 
betng  situated  external  to  the  body  of  the  embi7o  may  !«?  regarded  as 
iocesflory  and  called  extraembryonic.  We  fihail  begin  with  the  second  of 
tbene  diviBionB  as  aflordiDg  a  convenient  opportunity  of  explaining  some 
genera]  relations  of  coonection  between  the  embi:yo  and  the  other  parts 
of  the  developing  ovum. 


I,  DEVELOPMENT  OF  EXTEAEMBEYONIC  PAETS. 

llcmbraiiofl  of  the  Omm  in  Cleiienil. — In  the  three  higher  classes 
<rf  vertebrates  the  extraembryonic  structures  consist  of  the  membranes 
named  yolk-sac,  amnion  and  allantois ;  and  to  these  mav  ha  added  a 
fourth,  eiisting  only  in  mammals,  and  which  may  best  m  named  the 
dionon.  We  shall  first  state  the  most  general  facta  as  to  the  develojiH 
neDt  of  the  membranes  ;  and  then  in  connection  with  hiunan  etero- 
g»tation  describe  the  formation  of  the  placenta,  which  is  the  organic 
msdiimi  of  connection  between  the  ovum  with  its  embryo  and  the 
maternal  uterus. 

It  ia  to  be  noted  that  thia  description  will  not  apply  to  many  of  the  phenomena 
obaenred  in  the  exoeptionsd  forma  in  the  guinea-pig,  rat  and  mousa 

Tl&«  Tod^-sac, — This  name  h  given  to  an  organised  and  \Tiscnlar 
covering  formed  by  the  exteuBion  of  the  layers  of  the  blastoderm  over 
the  sorfaoe  of  the  yolk,  and  existing  in  all  vertebrate  animals. 

The  yolk-sac  is  the  seat  of  the  first  circulation  of  the  blood  in  the 
vitelline  or  omplialo-mesenteric  vessels  of  its  vascular  area,  and  in 
oviparous  animals  especially  these  vessels  spread  at  a  later  period  over 
the  whole  surface  of  the  yolk  in  the  membrane  which  forms  the  sac. 
Itt  bifds  the  food-material  of  the  yolk  is  absorbed  by  these  vess^la  ^nd 
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conveyed  by  them  as  nourishment  into  the  system  of  the  embryo,  thro^ 
a  spcial  structural  arrangement  of  the  membrane,  which  is  thrown  i'dIo 
folas  and  be&et  with  tufted  groups  of  cells  enrrouiiding  the  vessels  of  ill 
interior.     (Courty,  in  Ann.  d.  Sc.  Nat.  1844.) 

In  mammals  as  in  birds  the  vascular  area  Bpreads  over  the  snr&oe  d 
the  yolk,  but  di^es  not  in  all  cover  it  entirely.  In  some  the  jolk-mc 
gTOWE  with  the  embryo  and  other  parts  of  the  ovum  to  a  large  propM^ 
tional  size,  which  it  retains  up  to  an  advanced  sta^e  of  devclofoiaifi. 
while  in  others  its  growth  ceases  at  an  early  period,  and  this  is  fottowcd 
in  some  by  the  atrophy  and  complete  disappearance  of  the  yolk.  The 
canty  of  the  yolk-sac  is  in  nioet  occupied  chiefly  by  a  coagulabte  laid 
without  the  peculiar  yolk  corjvMficles  which  belong  to  the  yolk-€ahitaoix 
of  birds  and  reptiles. 

The  diilerences  which  ai-e  ohsen^ed  in  the  extent  of  developmeDi  d 

fig.  65S, 


TfiC 


Fig.  658.— VijtTicAL  sBcrnms  of  am  iKctBj.TiD  rowL*s  loo,  uorairvMsiUT  sio 

TRAV8VlJt91I.T,  AT  TUE  THIRD  HAT. 

The  figure  ie  iliagnmtiuatlc  &fic]  \&  mtcodi^d  to  show  tfau  early  relations  of  the  iMA^aM 
Ui  the  embrjo  and  rest  of  tlie  figg>  Tbe  parts  of  the  eiuliiTn  »n4  ihoow  nttf  ii  ^ 
represented  an  proiiortiomilly  larger  than  nsturU.  A,  Icngitudhialljr  to  tlM  «0^  ia' 
across  tho  embryo  ;  13,  acrcMii  the  egg  md  IctigitudtiuiJiy  in  the  embryo;  iA,  Ml  ^ 
eictoraal  covenngof  the  egg  ;  9p^  air  apace  at  the  larger  end  ;  y,  the  yolk  pariiatiy  4»*^ 
by  the  spreading  layeia  of  the  bkurtoderm,  vii,,  cp,  epihUst,  Ay,  bypoblasi,  ^^  •«•  ""■*' 
meaoblaat  HA  far  as  the  Tftscular  area  extendi ;  tm,  vitelliiM  membrane ;  w,  ffpaee  uuMfiri  If 
the  ulbomen  of  the  egg  ;  ^  the  embryo  (siiaded  dark)  eoudatang  of  ita  mediiUaiy  wAf^ 
toirertebml  axis,  and  partially  aaiTOuniled  1^  the  commencing  folds  of  the  *rrr"if*  **  ^ 
nectton  with  epibiast  (r|]) ;  t,  Hm  plaioe  of  communicaiioa  of  the  firiniithrt 
with  the  yollcsac.     For  the  sake  of  deamen  tlie  parietd  meeobhut  h&s  been  k 

the  yolk-sac  and  its  blood-resaek  may  l)e  traced  to  differences  in  thar 
relation  to  the  chorion  in  ntero-gestation.  In  rodeniia,  and  to  kwj« 
extent  also  in  insectivom  and  cheiroptera,  it  comes  into  oonUct  or  ffiW** 
\vitb  the  non-placental  part  of  the  chorion,  and  fhmishes  blood-T<»di  to 
that  membraijc.  In  rnminants  it  is  ver}"  soon  drawn  -  '  *  vm^ 
tenuatt d  tulies  whicii  extend  towards  the'  ends  of  the  i  ^^^ 

ovnin.     In  cani!  vora  it  is  of  considerable  size,  stretching  thruiiL-li  Uieon^ 
towards  its  opposite  prjlea,  but  without  vascular  union  w if  b  tW  ctarte 
In  the  hmnan  8]iecie8  the  yolk-sac,  which  is  also  t  lo  naUitsl 

vesicle,  retains  its  vascularity  for  a  sliort  time,  and  i  -  to  {p^vflp 

to  the  fifth  or  sixth  week,"  at  whieli  time  it  luu  aaauxD^  a  pyiiftfli 
shape,  and  ia  e\n\uectjed  by  a  tubular  viteUine  diKst  with  tlie  -*— ^*— 
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ovum  of  from  five  to  six  weeks  it  is  about  a  quarter  of 
til  in  diameter,  and  lies  loosely  in  the  space  between  the  amnion 
uorion.  At  a  later  period,  the  duct  elongating  with  the  umbilical 
lie  vesicle  remains  flattened  and  atrophied  in  the  same  relation  to 
nembranes  as  before.  In  the  third  month  its  duct  is  found  con- 
L  with  a  coil  of  intestine  which  in  the  form  of  a  hernia  occupies 
K&lnlical  cord  outside  the  abdomen  of  the  embryo  (see  fig.  789, 
W).  At  a  later  period  the  much  elongated  and  attenuated  duct 
be  vitelline  vessels,  now  shrunk  and  impervious,  may  still  be  traced 
E)i  the  umbilical  cord,  while  the  flattened  vesicle  may  be  found  even 
the  end  of  the  term  of  uterogestation. 

•  Amnion. — ^This  vesicular  covering  of  the  embryo  does  not  exist 
phibia  or  fishes,  but  is  present  in  all  reptiles,  birds,  and  mammals, 


i9. DlAQBAMMATIO  OUTLIVSS  OF  LON-  Fig.  659. 

nmUAL  8KCT10NS  OF  TBI  niBRTO- 
LJOK  AT  8U0CKSSIVE  PERIODS  DURING 
KB  lOBMATlON  OF  TBI  MEXB&ANBS. 
L.T.) 

*  tbe  beginning,  B,  towards  the  end 
MPond  day  of  incubation ;  C,  on  the 
llj;  D,  on  the  fourth  day,  showing 
k  teetion  of  the  whole  egg.  In 
Mis  iigores  the  embryo  and  the 
««riiig  inflections  of  the  membranes 

riented  proportionally  Urger  than 
The  dark-shaded  part  indicates 
abiyo  :  ep^  epiblast ;  Ay,  hyxMblast ; 
lie  sake  of  clearness  the  mesoblastio 
koeompanying  these  are  not  represented) . 
the  cephalic  fold  of  the  amnion  has 
;  in  B,  it  has  increased,  and  the  caudal 
■i  commenced  ;  in  C,  the  two  folds  ap- 
I  one  another,  leaving  the  amnion  still 
ionaUy ;  in  D,  the  outer  fold  or  false 
B  has  separated  from  the  inner  or  true 
A  which  is  now  complete ;  ys,  the  cavity 
yolk  being  gradually  surrounded  by  the 
Mc  fonned  of  aU  the  three  layers  of  the 
ittm,  and  communicating  at  t,  with 
iiQentary  canal ;  a^  in  D,  shows  the 
lis  beginning  to  expand  from  the  in- 
);  in  C,  it  is  just  beginning  to  appear. 

h  are  hence  named  Amniota.  It  b^ins  to  be  formed  at  an  early 
\  of  development,  and  subsequently  becomes  distended  by  a  fluid  in 
h  the  embr}^o  floats  and  is  attached  by  means  of  the  umbilical  cord 
I  anmiotic  enclosure. 

16  structure  and  mode  of  formation  of  the  amnion  are  essentially 
ar  in  the  three  classes  of  animals  in  which  it  exists.  It  generally 
BtB  of  two  layers,  derivoi  respectively,  the  inner  from  the  epiblast, 
the  outer  from  the  parietal  layer  of  the  mesoblast ;  the  first  formed 
itinct  nucleated  cells,  the  second  presenting  in  later  stages  a  fibrous 
tore.  The  external  layer  possesses  considerable  muscular  contractility 
n  flome  animals  is  partiallv  vascular.  •  «     • 

e  formation  of  the  amnion  takes  place  by  the  gradual  inflection  in 
ml  direction  from  the  flat  part  of  the  blastoderm  adjoming  the 
JO  of  the  two  layers  before  mentioned,  first  at  tba  c«^baiM^»^ 
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Bomewbat  later  at  the  caudal  extremity  and  at  the  sides  (see  fig.  659,  A,  By 
0  and  I)),  80  that  the  two  layers  of  which  the  amnion  is  oompofled  are 
lifted  tip  and  separated  from  the  remaining  two  lower  lajera  (viaoenf 
mesobkst  and  hypoblast)  of  the  blastodenn^  hj  a  ^OP^  wtich  ia  a 
peripheral  extension  of  the  pleuro-perifconeal  cavity.    The  embrjo  thu 
comes  to  sink  into  a  hollow  produced  by  the  rising  of  the  amniotic  foldi 
round  it.    The  backward  folds  deepening  more  and  more,  gradnillj 
converge  on  the  dorsum  of  the  embryo,  and  at  last  come  together^  the 
margins  of  the  reflection  narrowing  rapidly  and  being  finally  compleidy 
obliterated  or  lost  by  their  convergence  and  by  the  subsequent  diseociatioo 
of  the  inner  from  the  outer  divisions  of  the  folds  (%.  659,  D),    The 
separated  inner  division  now  becomes  the  entire  closed  sac  of  ths 
amnion,  connected  only  with  the  re^t  of  the  parts  at  the  umbilical  cod- 
fltriction  where  it  is  continuous  with  the  integument  of  the  embryo.  Tbt 
outer  dissociated  division  m  the  fahe  amnmi  of  Pander  and  Von  Bio^ 
passing  out  into  the  peripheral  part  of  the  blastoderm,  and  constitntiif 
for  a  time  an  external  covering  of  the  ovum,  which  in  birds  and  reptJki 
appears  afterwards  to  be  lost  by  thinning  or  absorption  ;  but  which  ia 
mammals  is  probably  connected  with  the  development  of  the  pennanent 
chorion  in  a  manner  to  be  referred  to  hereafter. 

In  birds  at  a  more  advanced  stage  of  iucubation  the  true  or  endoiei 
amnion  is  surrounded  externally  by  the  expanded  allantois*  Innninr 
mals  its  relations  \^ry  somewhat  according  to  the  nature  and  exftoi 
of  the  proportional  development  of  the  yolk-sac  and  allantois.  In  thi 
advanced  stage  of  the  development  of  the  human  ovum  the  amnion  is  to 
a  great  extent  in  contact  with  the  interior  of  the  chorion  ;  but  its  oofik 
and  formation  do  not  diflcr  materially  from  those  of  animals. 

In  the  human  embryo,  as  in  that  of  most  animals,  the  amnion  is  it 
first  and  for  some  time  after  its  completion  very  close  to  the  surface  of 
the  body,  but  after  a  time,  con'esponding  to  the  fourth  day  of  incubikioii 
in  the  chick  and  the  fourth  or  fifth  week  of  gestation  in  man,  the  itt* 
creased  accumnlation  of  ^uid  within  the  amnion  expands  the  memhnai 
rapidly  bo  as  to  remove  it  to  a  considerable  distance  from  the  embryo. 

The  muscular  contractihty  of  the  amnion  doubtless  resides  in  its  outer 
layer  derived  from  the  parietal  mesoblast.  The  contractions  appear  to 
ije  rhythmic,  and  they  may  be  seen  in  the  opened  incubated  egg  of  the 
fowl,  or  even  in  the  entire  egg,  by  means  of  a  bright  Ught  in  a  dait 
chamber,  from  the  sixth  or  seventh  day  of  incubation  ;  and  it  is  profaabh 
that  they  are  of  a  similar  nature  in  mammals. 

The  human  amniotic  fluid  contains  about  1  per  cent,  of  solid  maUm; 
consisting  chiefly  of  albumen,  with  traces  of  urea,  which  is  pr^JbMj 
derived  from  the  urinary  secretion  of  the  foetus. 

It  would  appear  that  there  is  a  diflference  in  the  structure  of  the  re- 
flected or  false  amnion  in  birds  and  in  mamnmls.  In  the  former  it  ii 
composed  of  tlie  same  two  layers  aa  the  amnion  itself,  their  pomticA 
being  reversed,  but  in  mammals  the  development  of  the  mesohhlt 
appears  to  cease  at  the  place  of  reflection  of  the  true  into  the  blB 
amnion,  so  that  the  latter  consists  only  of  the  epiblasU 

Tlia  Allan toifl. — This  membrane,  sometimes  also  called  nriauj 
vesicle,  exists  as  a  foetal  stmctare  in  all  the  amniota,  hat  not  in  fidm  cf 
amphibia ;  and  yet  in  the  latter  animals  a  corresponding  reeicle  is  di^ 
veloped  in  the  adult.  In  reptiles,  birds,  and  rpRTTiin^  it  originate  at  a 
very  early  period  as  a  diverticnlum  from  the  hinder  part  of  the  primittw 
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intestine,  but  there  are  great  differences  in  the  degree  and  rate  of  its 
extension,  u  rapid  and  wide  expansioD  oconrring-  in  some,  while  in 
others  it  remains  of  eomparativelj  small  size.  It  is  the  eeufc  of  an 
extended  distribution  of  mraified  and  capillary  blood-vessels  which 
perform  importiiiit  functions  in  connection  with  the  nutrition  of  the 
embryo  and  tlie  aeration  of  its  blood. 

The  iillantoia  at  its  ori^^nn  consists  essentially  of  a  thickened  bulging 
portion  of  tlie  viscend  mesoblast,  and  a  coiTesponding  extension  of  the 
mteetinal  hypoblast  within  ;  and  from  recent  researches  in  reptiles 
(Knpffer  No*  113)  would  appear  to  ha%'e  close  relations  with  the  neuren- 
teric  canal.  The  capillary  network  of  commencing  blood-vessels  makes 
its  appeanmce  in  its  mesoblastic  layer  at  a  very  early  stage,  and  these 
become  connected  with  the  main  vessels  of  the  embryo  by  means  of  two 
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F%.  660.— EiTLJUMiiD  mmnxwukTV}  oun-iin  of  a  honairvmnAh  tirttcii*  BWQiwn  or 

m  CHICK  AMU    StlOHBOOUlfO    I'lJltS    OF    TKS   BLIBTODIAM   OH  TUB   fOtTlLTH   It  At, 

(A.T.) 

tp^  epibbut ;  #«»»  puietal  mesoblast,  together  fortning  the  iomattc  pitUe  ;  Ay^  lijpo* 
bUit  ;  vm,  risoend  moKiblatt,  together  forming  the  vhccral  pluU  ;  a/,  oepli&ik  fold  ; 
j»/,  caudal  loM  ol  the  amDion  ;  am,  cavity  of  the  true  amnion ;  ys,  jolk-aae, 
loading  bj  vi,  the  vitelb-inteatinakl  aperture  to  r,  the  inteetiae  ;  i,  the  itoitLach  a&d 
fiilkit ;  a,  the  future  anna  trtill  cloaed  ;  m,  the  buccal  cavity  or  mouth  formed  in 
fpiUail  and  vtill  closed  from  Ihe  phatynx  at  the  faucen,  which  arc  not  shown  ;  mt,  the 
mtmmUTf  ;  al,  the  ollant^^id  vesicle  Gammaaicating  by  ita  pedicle  with  the  hinder  intea- 
tine  ;  pp,  the  apace  between  the  onteir  and  inner  folda  of  the  amnion,  which  is  an  ezten- 
m€m  of  the  body  cavity  or  plenro-peritoneal  apace  within  the  embryo  between  the  parietal 
and  Tiaoeiml  meiobtaita.  The  flhaded  part  of  the  figure  reprenentfl  the  hea^l  and  trunk  of 
Ike  embryo  in  which  the  eye  and  the  jawft  with  the  branchial  har»  and  clef  la  anj  indicated* 
The  epiblaat  and  hypoblast  are  drawn  with  entire  iinea,  the  parietal  mesoblaat  with  an  in- 
termpted  and  the  vuicersJ  niei^obliiht  with  a  doited  line. 

miteries  and  two  veinB.  The  allantoic  arteries  are  at  first  separate 
inoches  of  the  two  primary  divisiona  of  the  abdominal  aorta,  and  anbse- 
qnentlj,  when  the  two  aortaa  coalesce,  they  are  derived  from  the  hypo- 
giitric  arteries,  and  have  been  called  nnihilicjd.  The  two  returning 
▼e«elfi  or  allantoic  veins  pasa  into  coneeeiion  with  the  principal  veins  of 
the  yolk-sac,  and  with  them  form  the  nnibilical  veins.  The  name  of 
allantoic  siiji^j^csted  by  Balfonr  is  prefeniblc  to  that  of  umbilical  for  the 
veflsela  of  the  allantoi.s. 

The  allantoid  diverticulum  soon  takes  the  form  of  a  jBask-like 
Tesicle,  connected  with  the  intestine  by  a  nah^ow  pedicle,  as  may  l»c  well 
ieen  in  the  chick  on  the  fourth  day,  and  in  the  embryo  o^  xJtwi  xvxWvV 
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or  iog  at  a  correspondinof  period.  In  all  birds,  as  also  in  ^ 
uodergoea  rapid  dilatation  and  extensiou,  and  its  inner  bvpoblMtie 
portion  bein^  filled  \nth  fluid,  and  the  doubled  membrane  *flatt€ni&^ 
out  in  the  space  which  intervenes  between  the  parietal  and  viaoml 
mesoblast,  as  far  m  is  allowed  by  the  separation  of  these  two  layerB,  m, 
to  the  margin  of  the  vascnlar  area  of  the  yolk,  it  follows  the  gndnal  «• 
tension  of  that  area  over  the  surface  of  the  jolk ;  and  finaUy^  ai  tk 
albumen  girea  place  by  its  absorption  into  the  yolk  cavity^  the  alkntov 
comes  to  occupy  nioreVod  more  of  the  intermesoblastic  inten-aJ,  aadto 
fill  the  whole  space  between  the  anmion  and  yolk-sac  on  the  one  faiiil 
and  the  lining  membrane  of  the  egg  shell  on  the  other. 

The  allantoic  blood-vessels  are  distributed  both  in  its  internal  and  m- 
temal  folds,  but  form  a  richer  network  on  the  latter,  and  there  tkj 


rig.  661. 


r 


Fi^.  661.  —  DuoftAnin: 
ouTLnrv  or  a  i*»«m- 
PiMU*  SEcnow  0w  ru 
iowL*a  BM  ABOUT  m 
1CLDM.K  OP  ucciahpil 
(A.T.) 

ah,  the  dwtl  and  Hi  urn- 
bnae;  ip^  ^wirwf^»wa^ 

with  tho  eaekatdaa!kf*um 

of  Hid  «8g  utd  Mr  «piet ;  j 
Hm  yolk  wid  Tolk-^e; 

tli«  nlkntotB 
doul'led 


oyer  a 

the  tutenul  iiirfaott  d 
egg  ;  <if,  in  doUed  liia 
dieates  tho  manner  m  whicli  its  expanding  folds  will  diimaielj  meet  tad  cam 
wbolo  of  tbe  deeper  parts ;  w^  the  hardened  remains  of  the  white  or 
towarda  tlie  end  of  incabaitioa  lie  between  ihe  yolk-sac  and  the  allantoiiu 


a- 


exhibit  in  the  arteries  and  veins  a  marked  difference  of  colour  whicfc 
indicates  the  action  of  the  air  njxju  the  blood  through  the  cgg-cofwagi 
analojsfou«!  to  that  of  a  respiratory  organ. 

It  is  also  worthy  of  notice  that  from  the  time  when  the  ollintoii  hw 
attained  some  size,  it,  like  the  amnion,  is  poesessed  of  oontmctilttr,  wtei 
resides  in  its  mesoblastic  layer  ;  and  accordingly  on  opening  an  ineobitiJ 
egg,  from  the  effect  of  change  of  temperature  or  other  stimuli,  •Ctnt 
motions  may  be  perceived,  caused  by  the  alternate  oontnctioQ  tod  »• 
taxation  of  different  parts  of  the  membrane. 

In  some  of  the  mammiilki  the  origin  and  early  deTrloptnaift  of  ik 
allantois  is  nearly  the  same  as  in  birds,  but  in  a  more  advanced  it>P^ 
development  the*  relations  of  this  membrane  to  the  other  Jpaita  of  tkt 
ovum  are  greatly  mwlified  hy  its  combination  with  the  cborii»i«  Bfift 
especially  in  the  I'e^ion  of  the' placenta. 

In  most  mammals  tlie  external  or  mesoblastic  lamina  of  the  aQaoliif 
undenrcK's  greater  extension  than  the  inner  hyp<:»blaatic  nc^  and  thiiii 
remarkably  the  case  in  the  human  stibject,  in' which  it  is  sdU  doolnM 
whether  anv  internal  vesicle  is  present  l»eyond  the  liniita  of  the  imiMinl 
oord.  In  llie  human  ovum  the  external  or  mesoblaittic  T3t«fMiIar  eleoioift 
probably  sprcjids  at  a  veiy  early  ficriod  over  the  \\\  rior  ol  tli 

chorion  (^plaoeutal  an^  non-pluceutal  parts),  whiJe  t  li  ij  or  hyp?- 
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blastic  vesicle  either  shrinks  and  atrophies  at  a  very  early  peri  )d  or  is 
oomparatively  small  and  has  never  reached  the  interior  of  the  chorion. 
This  sabject  will  again  be  referred  to  in  the  accoont  of  human  ntero- 
gestation. 

Fig.  662. 


ti^  662. — DiAORllClfATIO    SECTIONS  OF   THE   MAM3CIPER0UH    OVUM    IN    DIF7EREVT  8TA018 
or     DEVELOPMENT     TO     SHOW     THE     PROGRESS     OF     FORSIATION    oF   TUE   MEMBRANES. 

(FromKoUiker.) 

I.  Oram  in  which  the  chorion  has  begun  to  bo  formc<l,  with  the  blastoderm  and  radi- 
Beot  of  the  embryo  witliin.  2.  Ovum  in  which  the  cephalic  and  caudal  folds  have  con- 
Incted  Iho  nmbilical  aperture  towanis  the  yolk-sac,  and  the  amniotic  folds  are  turning 
towanU  the  dorsal  aspect.  3.  The  amniotic  folds  i>e'm'^  completed  have  met  in  the  dorsal 
tvgino  ;  the  umbilical  opening  is  more  contracted,  and  the  ullantoin  has  begun  to  Kprout. 
I.  The  true  amnicm  m  detached  from  the  reflcctoil  or  false  amnion  which  has  dinappearcd 
or  oombine<l  with  the  chorion ;  the  cavity  of  the  amnion  is  more  distendc<l ;  the  yolk-sac 
it  now  pedictihited,  the  alluntois  projects  into  the  Hpace  l)etweou  amnion,  chorion,  and 
jcik'mCf  and  the  villi  of  the  chorion  begin  to  ramify. 

df  external  membrane  or  primitive  chorion  ;  ii\  commencing  villi  of  the  chorion  ;  sh, 
•obsoiud  membrane  or  chorion  ;  «:,  villi  of  the  chorion  more  advanced  ;  r/m,  amnion  :  ah, 
ito  cavity ;  t*,  cephalic  fold  ;  ««,  caudal  fold  of  the  amnion  ;  a,  the  embr}-unal  rudiment 
ia  the  epibla>t ;  m,  that  in  the  hypobhist,  and  ni',  in  the  mesobloMt ;  «f,  margin  of 
the  raacolar  area  in  itM  early  stages  ;  tUly  hyifobla^t ;  kh,  hollow  of  the  vesicular  blasto- 
demL.  becoming  afterwards  </«,  the  hollow  of  the  yolk-Knr  ;  </</,  iluduH  vitello-iutestinalis ; 
«/,  AlUntois ;  r,  embryo  ;  r,  oiiginal  8])Ace  between  amnion  and  chorion  ;  ti,  wall  of  tho 
thormx  in  the  region  of  the  heart ;  hhj  i)ericardial  cavity. 

The  urinary  bladder  of  mammalfi  is  produced  by  a  dilatation  in  the 
pedicle  of  the  allantois  near  the  cloaca  and  within  the  body  of  the 
embryo.  The  urachiis  is  the  tubular  extension  of  the  walls  of  the 
bladder  towards  and  in  part  through  the  umbilicus,  to  join  the  ^WsaiWu^^ 
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but  the  extent  to  which  its  hollow  Ib  prolonged  Tariea  greatly  amoof 
animals,  and  in  the  human  embryo  this  does  not  in  geuem  {MM  bejOM 
the  root  of  the  urabihol  cord. 

The  Chorion. — Under  this  name  there  has  been  long  knomi  m 
human  emhryology  a  most  characteristic  hut  rather  camples  membrww 
which  ftun'oiinds  the  oviim  from  the  earliest  pcrir:Kl  at  which  it  hag  bea 
observffl  within  the  ciivitj  of  the  uterus,  and  wliieh  probably  beguit  to 
be  formed  alxvut  the  ninth  or  tenth  day  after  conocption*  Thw  it  tin 
villoufi  or  shaggy  vascular  chorion,  a  part  of  which  tiike«  an  importioft 
ghare  by  it«  further  development  in  the  formation  of  the  fa?tal  portion  of 
the  pkcenta,  while  the  reumiader  may  be  recognised  bs  persisteot  during 
the  whole  of  utemgestation. 

An  external  coTering  of  the  ovnm  having  a  very  similar  ori^n  tod 
structure,  and  with  analogous  relations  to  the  other  part^,  exists  fur  i 
time  in  all  mammals,  and  though  in  many  less  developed  and  leffl  per* 
sistent  tlian  in  the  human  ovum,  still  deserves  the  same  name. 

The  maramiferous  ovum  when  it  enters  the  uterus  has  still  a  cOTonog 
from  the  ovarian  zona  pellucida,  but  in  the  rapid  exjjansiou  mhkk 
the  blastodermic  vesicle  nndergo<"S  within  the  first  or  geoond  day  tfttf 
the  completion  of  the  segmenting  process,  the  zona  seems  either  to  be 
much  atteouated  and  finally  lost,  or  may  possibly  be  combined  with  tike 
outer  layer  of  the  blnstoderm,  which  thcu  surrounds  the  whole  annn. 
In  some  animak,  such  a^  the  mhbit,  dog,  and  cat,  and  the  same  is  p^ 
bably  the  case  in  man,  previous  to  the  appearance  of  any  trace  of  lb* 
embryo,  but  when  an  embryonic  area  may  have  been  formed,  villi  lifftfl 
to  project  from  the  smiace  of  the  ovmn,  and  from  the  primitive  cellolw 
structure  of  the  villi  it  is  almost  certain  that  they  proceed  fiom  ihf 
outer  layer  of  the  blastodermic  vesicle,  to  which  therefore  muat  bemain^ 
attributed  the  first  origin  of  the  chorion.  These  villi  exteml  (pnt  i 
large  portion  of  the  surface,  perhaps  only  excepting  the  embryonic 
and  a  part  of  the  ovum  where  it  is  not  in  contact  with  the  ut 
wall.  They  are  at  first  destitute  of  blood-vessels  and  are  of  mm] 
cellular  structure.  They  soon  become  pervaded  in  their  interior 
connective  fibro- nuclear  tissue  derived  from  the  meaobUit, 
extends  itself  below  the  primitive  epi blast.  Some  time  later  or 
the  development  of  the  vascular  membranes  of  the  yolk  and 
and  after  the  completion  of  the  ft»Id  of  the  amnion  and  the 
of  the  false  anmion,  the  villi  acquire  blood-\Tsseljs  which  penetnAi  tit 
connective  tissue  of  their  interior,  and  are  in  some  animals  wholly,  it 
othei-8  partially  derived  fi\mi  those  of  the  aUantois  ;  in  the  lalt*»rc»i^* 
as  l>efore  stated,  the  cliorion  receives  blood-vesseb  also  from  Uieyiilk-af< 

In  birds  the  sepanition  of  the  parietal  and  visceral  mesob£ui,  tit 
the  intervention  of  the  atlantois  between  th'^m,  leads  to  the  fivrma^ 
of  an  external  merahraue,  coTiifM)sed  of  cpiblast  and  parietal  mesnlilMt 
which  lies  close  to  the  outer  covering  of  the  eg^g ;  bat  this  m^flikiiK! 
afterwards  unities  with  the  visceral  mei<oblastiG  layer  of  the  allttlaJiiB' 
thus  loses  its  independence* 

In  nmmmaK  however,  this  external  membmue  formed  of  the  Ui' 
anmion  and  its  peripheral  continuation  in  the  blastodermio 
tntes  the  basis  of  the  chorion,  and  is  the  same  as  that  to  wliidi 
prop<:ise8  to  give  the  name  of  subzonal  fnembram. 

The  further  history  of  the  development  of  the  ehoriim  vU  b 
in  connection  with  the  formation  and  etnictnre  of  the 
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Ddy  to  entering  npon  that  subject,  it  will  be  proper  at  this  place 
3  some  accoont  of  the  early  development  of  the  hnman  ovum  and 
0. 

HTTliAH   TTTEBOaXBTATIOH. 

■arij  Stages  of  the  Human  Owm. — Great  obstacles  have 
in  the  way  of  the  study  of  the  earlier  stages  of  the  development 
t  human  embryo  and  its  membranes  from  the  extreme  rarity  of 
portonities  for  observing  the  ovum  in  perfectly  natural  conditions 
L  ihc  uterus  after  death,  and  from  the  frequency  of  abnormal 
es  in  aborted  products  in  the  first  two  months  of  pregnancy. 
n  the  last  few  years,  however,  some  important  contributions  have 
nade  to  the  knowledge  of  this  subject,  among  which  is  deserving 
icial  notice  the  elaborate  Monograph,  by  Professor  His,  in  whicli 
new  information  is  supplied  and  the  first  systematic  attempt  has 
made  to  investigate  the  human  embryo  by  the  method  of  sections 
132,  1880-82). 

d  impregnated  ovum  has  never  been  detected  in  the  course  of  its 
it  through  the  Fallopian  tubes  of  the  human  female.  From  the 
IJ  of  animals  and  some  observations  on  the  changes  in  the  utenis 
Sieved  that  the  himian  ovum  may  arrive  in  that  cavity  at  the 
Qi  or  eighth  day  after  impregnation,  but  although  instances  are 
led  in  which  at  the  eighth  day  a  delicate  vesicular  body  was  found 
lUy  imbedded  in  the  inner  wall  of  the  uterus,  which  from  the  pro- 
iij  of  impregnation  having  taken  place  might  possibly  be  an  ovum, 
lese  bodies  were  not  observed  with  suflScient  accuracy  to  determine 
nature,  and  it  does  not  appear  that  the  human  ovum  has  been  with 
3itj  distinguished  in  the  uterus  before  the  tenth  or  twelfth  day. 
a  certain  number  of  such  ob8er\'ations  the  ova  were  found  to 
attained  the  size  of  a  small  pea  or  nearly  a  quarter  of  an  inch  in 
3ter,  and  were  aheady  more  or  less  beset  with  villi  on  the  outer 

tt. — ^Fftom  Ajn>  SIDE  tiews  or  ax  earlt  Fig.  663. 

Aa  OTVM  rOUE  TIMES  THE  KATURAL  SIZE 

t  Eeichert).  ^  B 

OYam  is  sappoeed  to  be  of  thirteen  cIajb 
tlirsgnatioiL  The  sarface  bare  of  viUi  is 
9%  the  wall  of  the  uterus,  showing  at  e, 
ieity  produced  by  the  thickened  em- 
1  disc  The  villi  covered  chiefly  the 
%1  parts  of  the  surface. 

Je  of  the  chorion  ;    no  embryo 

o  be  seen  in  these  cases,  nor  such 

icture  of  the  membranes  as  to 
it  probable  that  the  process  of  embryonic  development  had  made 

idvance. 

le  case  of  this  kind  deserves  especial  notice  from  the  very  favourable 

mstances  under  which  it  was  examined  (Reichert,  1873,  No.  125). 

as  found  in  the  uterus  of  a  woman  who  committed  suicide,  and 
the  fects  known  as  to  her  history  it  was  l)elieved  by  Reichert  to 
twelve  or  thirteen  days  after  conception.     Its  largest  diameter  waa 

im.    Its  shape  was  that  of  a  flattened  spheroid,  and  the  simple  villi 

li  partially  beset  its  surface  extended  mainly  over  the  equatorial 

ins,  aud  left  the  two  flatter  surfaces  bare  to  the  extent  ol  'i'^  Toaii^ 
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or  -j^th  of  an  inch.  No  traces  were  anywhere  to  l>e  detected  of  an 
emi«rjo  ;  bnt  the  oiembnine  of  the  ovum  from  which  tlic  villo«ititi 
sprarit^'  was  of  celluhu'  striietiire,  and  in  the  mkhlle  of  the  mnooth  pirt, 
tnrncd  tovvords  the  iitorus,  there  was  an  opaque  spot  which  might  k 
taken  for  an  {nihryouic  area,  and  whieh  presented  intenially  a  thin 
layer  of  fioelj  jormnular  nucleated  ceils.  The  ovmo  lay  nn  the  insider' 
the  poBterior  surface  of  the  uterus  near  the  up|MT  Ixunler,  imbeddc«i  la 
the  thickened  !uucons  membrane  or  decidua,  and  haviut;:  a  thin  covcriJii' 
of  the  aeuie  sulistanee,  which  witli  the  inchided  ovum  formed  a  rcjuinltid 
projectitui  into  the  cavity  of  thu  uterus. 
It  may  Ix!  doubifu!  how  fiu"  tiie  proetfss  of  development  had  ailvanc^i 


Fig.  mL 


Pjg.  666. 


Fig.  064,— HcMAF  OVUM  Of  12  to  13  DATS  (fit»ro  Allen  Thoiijaao), 

1.  Tiie  Of  um  of  the  tiatiiral  size  with  fiimply  Tilloaa  chorioiL 

2.  The  same  o|>eiietl  imd  mtignilieil  seven  time&     Tho  krge  yolk>afte  ii  MCa  with  \ 
embryo  Been  *ii<k"wiHC!'  \ymii  Hal  upou  tlit  yolk-sac 

Fig.  66j,-^Hi'iiAK  uvuu  ahi>  Kuiiiito  of  ABotrr  14  ditb  (from  AUea  ThonsosV 

A.  The  avnm  of>eiied,  haH  the  chorion  l&id  to  one  side  and  tb«  enibfjo  md  f^^^ 
teen  in  tho  other  ;  mdnvtiX  Kize. 

B.  The  enibrjoandyolk-sae  viewed  from  the  domi  lujicct,  mn^iified  dbout  tea  liwi ; 
a,  yolk-sac  ;   &»  hind  bruin  |K)rttuD  ;   hf;re  fur  a  fijiaec  Uie  me^ttilUfy  catuU  ia  ckml ;  ^ 
the  i!nk1«bmin   open  superiorlj  ;   d,  hinder  part  of  this  medulhu-y  caiuht  ltiO«f«i«^| 
pf>rtion  of  HK-mbratie,  pijrbaijts  l^elonging  to  Ihe  torn  anmiun.  i 

in  this  ovTim,  hut  suppoiiirig  Reichert  t<«  be  e^jrrect  iu  holding  tiuU  d^ 
partRs  of  the  enihryo  had  yet  been  formed,  it  wouhl  appear  that  iu  ib- 
nitman  enihryo  villi  may  he  develriped  from  the  blafitodenn.  as  *.»c«iin 
in  some  ainuiak,  previous  to  the  formation  of  a  rc'tlected  amnion, 

A  some  what  t^iinilar  ea^e  ^vas  utjstrvt'd  l)y  T.  Wlnirtun  Jont-s  i  Xo,  1W| 
in  which  sdst.i  Hie  side  next  the  ntt^rus  was  devoid  of  villi  and  there  ^ 
no  ap[X'ai'auee  of  an  emhn^o.      Another  instanee  observed  by  Bp 
presented  nearly  the  8iime  jkhenoinena.     (No.  126). 

The  first  np|Wane^  of  tlie  human  embrj^o  aa a  primitive'  »— r  *^\ 
a  simple  medullary  groove,  has  not  been  ol>serMid,     Am 
human  ova  in  whidi  features  of  embryonie  structure  are  di>niu  i  n 
nisahle  aix-  two  jin*t  deRTil)ed  by  the  wrik'r  of  this  section  in  l*iH5»  (Si 
niJ)»»"*l  another  deserilied  by  His  (No.  1JJ2),  which  may  biiTc 
even  of  a  elij<htly  earlier  date. 

Ill   this  Bta^e  the  cml>ryo,  whieh  consists  almost   entiiT-ly  ol  Si" 
primaiy  axial  p&ttA,  lies  yroue  on  the  surfftce  of  tho  yolk-«ic»  ofior  tki 
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itT  uf  a  chick  on  the  Recond  day  or  the  rabbit  on  the  tenth*  The 
Iieart  exists,  and  doubtless  a  Tascnlar  area  on  the  fiurlaec  of  the  yolk- 
^^8C,  thon^rh  not  fully  observed,  was  already  the  scat  of  the  fir.st  eircula- 
Boo.     From  the  re^Ciirehes  of  His  it  manm  probable  that  in  the  two 
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Fig.  606. — Thbrk  KAP.tT  HUMAir  rmbrtoe^  (from  Baifour  after  Hk), 

A.  Ad  embryo  of  1c«k  thnti  fnnHeen  dap*  described  by  His.  ar/i^  maaioii  ;  «*"►,  am* 
bitlitiAl  YCfticW  ;  r/i,  chorion  to  which  tlm  emi'ryo  is  attached  by  &  (^Ik. 

11.  Embryo  of  about  fourteen  ilaya,  described  by  AU-^n  Tliomsoa.  mn,  nrobillcal 
fvsicle  ;  md%  medullary  groove. 

C.  Embryo  of  sixteen  or  eighteen  dayi,  deBcribed  by  Bin.     um^  umbilieal  vcidcie. 

finjt  mentioned  R|iceiTneiis,  the  fiinnion,  although  imperfectly  obsen^ed 
nevertheless  ali'eatly  ex iBtedjTut  had  lieen  accidentally  destroy eth  and  Hia 
is  of  opinion  that  In  XXwrn  and  other  similar  cases  the  alljuitois,  winch 
in  the  humau  oviini  is  unduuhtedly  fonr^d  at  a  very  early  period,  had 

F%.  007.— Ho  MAN    BMItRYO    OF     15— IS  FTp667, 

fiAfS,     WITH     TOl.K-*AL%      ASIfllON    AWU 

inmiucAt  iinicuK.  Mflgniiicd  {from 
K«^liikitr  after  Custt^-)* 
6t  at^icbulb ;  c,  heart ;  </,  margin  of  the 
\  aiMloioixtal  opening  ;  t^  uiHophagus  ; 
tattoliiiil  ^S^bm  \  i,  hind -gut ;  n^  m^ 
dline  rtmbk  ;  o,  yolk-MtMr,  itf»  TeMBels 
|aot  folly  rcfirtflentcd;  h,  Rtalk  uf  ♦illantoja; 
ikliantoift  with  di.stinct  veKselM  form- 
a  abort  ntnbi  Ileal  cord  tmite<]  to 
oricin  ;  f,  amidon  ;  uh,  its  t^vity  ;  fA, 


own  out  from  the  hinder 

_rt  of  the  body  of  the  embryo 

as  to  become  uttachid  to  the 

aterior  of  the  chorion,  as  ilhis- 

by  the  aiTompaoying  dia- 

(Fitr.  t;700 
t»what  more  advanced  thau 
i-^^oin*:  is  the  ovrnn   well 
ribed  by  G*ste  (No,  1^2,  iii.), 
was     probably    of    from 
fifteen  to  eighteen  days,  and  i>f  which  the  whole  diameter  was  i:i  mm., 
or  fully  half  an  inch".     The  emlrryo,  of  4*4  mm.  in  leu^^'th,  lay  upon  a 
piteninesack  at  one  side  of  the  cavity  within  the  chorion,  and  svas  thetia 
psed  by  an  umbilif^al  cord  to  the  iaterior  of  that  m'^rabmn^,  ^\v\Vi  ^ 
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distinct  amnion  envuloped  its  other  side.  The  parts  of  the  h^it  iritk 
the  pericardium  were  diBtinctlj  recogfiiisable,  as  vrdl  as  several  otkr 
points  of  Btnictiire  l>el{>ngin^  to  the  enibiro,  which  will  be  referred  to 
at  a  later  jieriod.  The  cephalic  portion  of  the  intestine  waa  formodiad 
enclosed,  but  the  larger  hijider  part  was  no  more  than  a  groove  opeamf 
widely  into  the  yolk-Hac  (fi^.  667).  The  vitelliue  vessels  were  awtiflct 
on  this  hist.  The  chorion  was  uniformly  covered  with  villi,  whick 
were  hollow  ;  and  the  vascular  layer  of  the  allantois  ran  inside  it  with- 
ont  however  yet  penetrating;  the  villi. 

An  embiyo  descril>ed  by  His,  marked  L  in  Ins  Mouographt  praciili 
some  of  the  same  features.     (Fi^,  SOG,  A.) 

In  huiiiau  ova  which  maybe  estimated  as  approaching  the  temfll 
three  weeks  after  conception,  the  body  of  the  embryo  is  found  to  h 
curved,  the  cephalic  llexure  has  also  taken  place,  sevend  of  the  pbaiyngeii 
bars  and  clefts  ap|x^ar  below  the  cranioui,  and  the  communication  bkiran 
the  intestine  and  yolk-sac  is  much  reduced  In  size,  though  still  widk 


Wig.  ess. 


vis  eeo. 


Fig.  ^8.— OuTLm^  or  HTnuir  smbrto  of  xboitt  Tum  wsns.    f    (^^) 

Fig.  669. — OnTUKU  or  HincAjr  sMBniro  ov  aw^vt  rovm  wikcs.     {    (A*T.) 

mn^  ftmtibn ;   ur*  yolk-sac  ;   aZ,  aUantold  pedide  ;   ae,  anteriof  exttcnilti  i 
terior  extremity  j  A,  hearts 

In  the  next  stage,  of  which  the  age  may  be  reckoned  as  of  fnlly  Ubw 
weeks  (see  fig.  ^G8)»  the  extremities  begin  Ui  ar»pe«Lr  aa  BenuHsiicdMr 
plates  pi^ojectiug  from  the  lateral  ridge"  of  the  iKidy,  The  Wolte 
bodies  are  formed,  the  vigt.'eral  arches  are  now  four  in  nun  Indiif 

that  of  the  lower  jaw,  ^^ith  the  clefts  between  them,  tin  nc  lai 

become  tubular  and  the  vitello-intcstinal  eommunieation  is  diminished  ii 
width.  At  four  weeks  (%.  G«>H)  these  featm-es  are  more  ]iruiiucmce4  tk 
yolk-sac  is  pyriform,  its  duct  is  thin  and  elongated^  and  the  extreanitK* 
be^n  to  divide  into  proximal  and  middle  segments. 

In  the  earliest  stage  at  which  the  human  emhrjo  hia  been  olisenped,  «r  i 
the  end  of  the  second  week,  the  sTxnmetrical  rudiioents  of  the  bo43r  lib  | 
upon  the  surface  of  the  yoUc-sfto  eaoloaed  in  an  anmion  and  with  an  i 
Adhesion  to  the  chorion.     In  the  oonzie  of  the  third  week,  the  mklgiift  1 
more  and  more  tubular,  the  head  and  trnnk  of  the  emhrTo  imdccipoia^  f 
tiout  and  the  abdominal   walk  con  verging'  Tcntndlj,  the  nmbiHoal 
which  ia  at  first  very  wide,  oontracta  and  embraoee  more  doeelj-  Uie  < 
vitelltne  duct   and  the  allantoid  yessels;  and  hj  the  lixth  weci 
which  was  ftt  &ca^  y^  t^^Mib  ^  Uiua  hod^  of  the  emhijo,  i«  mfmtm 
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inotmee  of  the  amniotio  fluid,  and  the  umbilical   attachment  begins*  to 

agtite  into  a  conl  over  which  the  amnion  Ib  inflcctod. 

Up  to  thift  time  the  humaii  embryo  preycnts  a  remark&ble  reflemblanoe  to  that 

?  loofit  mAminalssi,  and  alao  to  some  extent  of  birds  and  reptiles  of  a  corresponding 

i  of  development ;  but  in  the  period  which  follows,  or  from  the  aixth  to  the 

and  f^Ul  more  to  the   tenth   week*),  the  changefl  which  it  undergoes, 

agreeing  in  their  general  nature  with  those  which  take  place  in  other 

a,  are  so  modiiiod  as  gradually  to  bring  out  the  peculiar  features  which 

of  the  hnmmi  form  and  typo  of  organisation.     Among  these 

marked  are  the  large  and  early  development  of   the  c^rt^hral  hemia- 

pheres  which  gives  peculiar  prominence  to  the  forehead  and  upper  pari  of  the  head, 

together  with  the  oompomtivo  amall  aite  of  the  maxiUary  and  mandibular  parte  of 

I  face,  the  form  of  the  external  auricle,  and  the  form  and  attitude  of  tlie  limbs. 


0. — BiAaaAMHATii?  8£c;tiok  op  tub 

,T    HtfMAIf    OVUM    A^COBDISa    TO   HiS. 

Balfoor  after  Ehl 
Jm^  anmioa  ;  Nb^  umbilical  venide. 


Pig.  670. 

mm 


-Ajn 


It  would  have  been  desiral>le  to  give       ^  / 

tome  account  at  thii§  place  of  the  rate  of       W  \^    ^^ — — ^^ 

pgogreai  and  the  pccuUaritLea  of  form 
ind  etmcture  belonging  to  the  »ncoes8ive 
■lagei  of  early  growth  imd  development 
in  the  human  embryo  ;  but  the  want  of 
upaoe  and  the  paoctty  of  materiala  for 
rnch  an  account  as  would  be  mti^f actory 
forbid  the  attempt  for  the  pre«ctnt.and  oblige  ua  to  refei  the  reader  to  the  useful 
platfss  of  Etdl  (No,  23),  and  to  tho  important  contribution  to  the  subject  madd 
by  Hia  in  the  second  part  of  hi-?  work  on  tlie  human  embryo  (No,  132). 
I     Rotaming  to  the  subject  of  liuman  uterogestation  it  is  to  be  observed  that 
Ij^^ode  in  which  the  connection  of  the  embryo  with  the  chorion  is  eatabiiBbed 

^^^71  < — DuORiJIMATIC 

^o5ri.tira  Of  sBCTion  or 
HUNAn  oroM  AT  Taasi 
wiaM<A.  T.J 

M,  chorion ;  ep,  epibUil 
ti  reflei^ted  amnion  ;  fm, 
rielal    meanbliurt ;    am^ 
rjniiin ;  5f#,  julk^aa^ ;  atl^ 
[%t»» ;     pm^     vii*oeral 
•uhi  lijer); 


n 


>  Hit  alUntoid  pedicle 

Te»el«,  act  well  as 

early  condition  of 

amnion ,     pref«ent 

peculiar!  Cicn    of 

ich    direct    ob^rva- 

haire  not  yet  fur- 

a   full  explana- 

,  or  one  which  would 

[g  the  phenomena  into  conformity  with  the  modes  of  deTclopmcnt  of  the  mcm- 
hitherto  most  familiar  to  ejnhnjologiat^    But  peveml  recent  observations 
to  Bhow  that  important  deviationn  from  the  better  known  types  of  dcvelop- 
among  mamirtaU  may  still  be  discovered  by  future  inTestigalaonJ!. 
view  taken  by  His  (No.  132, 1.)  that  the  outer  layer  of  the  human  alUntoia 
n  a  very  early  period  in  close  proximity  to,  if  not  in  actual  union  with  the 
itive  chorion,  woiil'l  not  Im5  inconniirtent  with  what  is  already  known  of  the 
iopment  of  th«)  membranes  in  most  animala,  if  it  could  be  «i]Bi(iM»l,  ift  ii:«ma 
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neccflMiry,  thai  the  mefloblaet  of  the  allanioifl  extends  itself  in  the  mtemiMolsliiii 
Bpace^  and  is  thereforo  at  first  within  a  caudal  or  equivalent  fold  of  the  amnke. 
It  is  diffionlt  indeed  to  conceive  how  the  vascular  layer  of  the  allantoic  ooold  pM 
^und  the  whole  interior  of  the  chorion,  except  in  a  space  formed  botweai  ikt 
Otiter  and  inner  folds  of  the  amnion. 

Bchafer's  observations  in  the  guinea  pig  (No.  100,  ii)  and  Fraaer'a  in  the  1 
eoffioiently  show  how  earlj  the  TaBculor  layer  of  the  alJontoifl  may  < 
towards  the  chorion  in  gome  tribes  of  animab?,  and  the  researches  of  Hit  on  m^ 
hnmfm  ova,  as  well  as  thoBo  of  €o:ste  and  others  go  far  to  jnrore  the  ^ai^man 
in  a  iJCculifLF  manner  of  the  outer  layer  of  this  nii*?mbrane  with  the  chgriott. 

2.   Enclosure  of  tke  OTum  in  the  'O'terine  DecidtiA, — It  is  &" 

well  known  that  t!ie  uterus  is  pRq>aiX'd  for  the  advent  of  the  omni  bj 
the  increased  devel(n>mcnt  of  tialaiu  parts  of  its  mucous  iDcmbmoewhic*! 
give  rise  to  the  iJecidiia, 

A  similar  chan^^e  takes  plac€  previous  to  every  menstrual  period^  biit 
in  case  of  pregnant  j  occurring  there  is  no  ex  foliation  of  the  memfaniy 
such  as  follows  in  menstriiation,  but  on  the  contrary  tlie  development  ti 
the  decidual  elements  of  the  mucous  inemhrane  prng-r.^j^L's  to  a  mi^'^i 
greater  det^jree.  These  changes  are  prol)al>ly  of  two  kind^^  the  fine 
consisting  mainly  in  the  increase  of  the  subepithelial  ccUtilar  ekmenUof 
the  mucous  membrane,  together  with  a  dilatation  and  sub8c<|tieol  aUvpKt 
of  parts  of  the  utricular  glands,  and  the  other  in  a  great  enkigimrai 
and  change  of  stracture  uf  tlie  uterine  Idood- vessels,  which  tofiechi^ 
prepare  the  way  for  tlie  formation  of  the  maternal  part  of  the 
in  the  more  limited  urea  occn[»ied  by  that  structure. 

Eml>ryologifiU  were  for  lung  at  a  loss  to  understand  how  th<* 
omm,  which  eRtei*s  the  cavity  of  the  uterus  quite  free  from  any  i 
phcatifjn  of  the  uterine  lining  membrane,  becomes  very  sooo  cttuif 
enclosed,  or  imapsti/afed  in  its  substance'.     Nor  have   the  atrtuo 
of  the  incapsulation  ever  yet  been  rhrectly  ohscrved.     But   the 
knowledge  of  the  natui'e  ftf  the  clniitge  which  the  lining  menibniiM:  I 
the  uterus  undergoes  before  and  after  the  arrival  of  the  nvttm  in  " 
cavity,  and  the  closer  observation  of  the  natnre  and  relatii>ii8  of 
material  by  which  the  ovum  is  enclosed  make  it  extremcdy  |inibah)r  1 
as  was  &>it  suggested  by  ShaT|icy  (No.  15,  iii.,  p.  1580),  the  mil 
ovum,  on  entcnng  the  uterine  cavity,  and  possibly  being  -^ --^  - 
the  depressions  which  lie  between  the  bulging  aieaa  of 
mucous  membrane,  is  griKlvially  sumnmded  by  a  wall  o!    i  iv: 
substance,  which  rising  frfim  below  encroaches   more  and  mtj 
the  sui-face  of  the  onmi,  and  comes  at  last  to  cover  it  etiiinJ^ 
to  exclude  it  from  the  uterine  cavity. 

When  the  ovum  has  been  fully  imbedded  in  the  > 
third  or  fourth  wei-k,  it  forms  along  with  the  decidua  a 
tion  within  the  ntcrine  cavity,  on  opening  which  the 
is  found  e\erywheR^  surrounded  by  the  suhstmice  of  the  deddta ;  lat 
the  p.irt  of  the  latter  substance  whicli  passes  over  the  free  waxtam  of  tfc* 
ovum,  or  that  which  is  towards  the  uterine  cavity^  18  thiimcT  ttdd  i ' 
in  its  structure  than  at  the  place  of  attachment  of  the  oviim  aiul  in  < 
parts  of  the  uterine  surface  ;  and  its  appearance  at  the  irnmi  prof 
part  or  summit,  difTerent  trom  the  rest,  indicates,  by  a  sort  of 
mark,  the  place  where  the  substance  of  the  decidua,  m  it 
covertid  in  tlie  ovum,  may  be  supposed  to  have  finally  clueed. 

The  decidual  thickening  of  the  mucous  membrane  nflbeia 
equally  the  w  hole  of  the  hning  of  the  uterine  cavity,  bat  iomida  tbe  m 


ais  at 
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every  part  except  that  occupied  by  the  attachment  of  the  ovum  :  tW 
deridiia  reflexa  is  thiit  which  covere  the  ovum  as  it  projects  m 
utoriue  cavity,  and  which  is  continuous  With  the  decidua  vera  r^'ur 
hase  of  the  Bwcllin^.     The  name  of  deridua  aerotina  (or  late  ^ 
must  frequently  empkiyed  to  dciiote  the  layer  or  layers  of  dethi  ..u 
stance  which  interveuc  t>etwecii  tl»e  develo|i^d  plac^uta  and  tlit?  w 
wall  outside  it  ;  but  by  some  it  has  been  made  to  inchide  als-  r' 
of  this  structure  which  originally  enters  into  the  format  i 
maternal  part  of  the  placenta,  thus  includiug  aplacjenfcal  aad  a  ui 
decidua  serotiua. 

Fia.  673.  Fig.  07^.  —  Stxi^iiiMBit. 

MATIO       OOTLimi       <lf     i> 

OF  TB«  0BA?ti>  vrnt* 
A»i>  oTtTM  or  wirm  mi 
(A.T.). 

TbiA  4t»wliig  ic  Ukm  hm 
a  verj  perfect  lyiLi  i—  4 
the  nt«nis  obtraed  fro*  Iki 
body  of  ■  woflt^  wIm»  Sd  d 
cholcm  m  1849. 

a,  anterior  utmne  «iD  ^- 
side  which  wmM  fitaftlid  t^ 
plncentAl  iitUehtt«Bi  «f  lb 
oTum  :  p,  pcMiteriaif  tnam 
w».U  (the  »C09Mif7  {itfti  litflf 
omitioJ) ;  m,  mvmlv  i>^ 
Bmtic«    i>(    the    «atti    tf 

fonuiu^  dedditt 
Bhuwiog  groovii 
nenoeti  on  tin 
enlariged  ^Midi  and  ^mttk 
in  iU  MibtfyuM*  ;  ^»  ifc«|||i^ 
dalu*  or  distp  h^ir  i  n  ii 
doeidua  refiesA;  m,  iaAoilB 
tlio  nteftM  cAfttj :  i^dialn 

eenrtjc  uteri :  ^,  i'liufiA  wA 
iU    rtUi,     «hkh     »f»    «■ 

o«atst  aide;    r»   ifat  W^ 
Mioloavd  in  Um  muIm,  vil 

the  allantoic  tosmIb  pMsing  into  the  pLac«Qta»  and  the  umbilical  vaicla. 


The  blood-Tessels  and  the  j^lantk  of  the  raucous  metnbcmiie  ibo  ^ 
dergo  ^ai  enlargement  and  moditieation.  The  whc'^  ^  ' ^  ^  decidmi 
and  the  adjoining  part  of  the  refleia  are  at  firet  i  4  by  1 

ves3»:^ls  derived  from  those  of  the  uterus,  more  especially  ni  ine  latli!r| 
of  the  second  month,  when  tlie  dcMjidtial  structure  may  Ix? 
having  reached  its  highest  dep'ce  of  development,     Af t^T  tluft  tint  I 
IiIlmmI- vessels  of  the  decidua  reflexa,  and  later  th"T«e  of  the  wbdle 
dccidua  <>{  the  uterus,  except  in  the  immediate  of  iht  \ 

shrink  and  ultimately  disappear,  so  that  the  i  i«/  fm 

unitwl  dt'cidiia^  liecumes  in  t  he  end  nhi>lly  aon-Vfisoiiiar.     The  I 
grade  procei?s,  leading?  to  atrophy  and  disappearance,  ooeurs  to  lliir  I 
vessels  **f  tlic  chorionic  villi  oy  which  the  decidua  reflejia  is  pan 
and,  although  Ibe  \\\\\  iWmaiilvea  never  entirely  disappear,  bi^ 
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even  in  the  adTanced  stages  of  pregnancy  as  sparse  and  shrivelled 

irregular  arborescent  processes,  the  bluud- vessels  very  soon  Ix^^n  to 
shrink  and  disapf>ear  from  all  the  villi  which  do  not  form  part  of  the 
placc-nt'al  structure.     To  the  ehaiijLifeB  occurring  in  the  decidiia  serotina 

Ponn^'cted  witli  the  placenta  refcrcnre  will  be  made  furtbtr  oil 
^he  Flacenta<— The  general  relatitais  of  the  foetal  and  maternal 
etures  uf  tliu  hmuaii  placenta  are  illustrated  in  an  interesting  manner 


*Wig^  i 
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674. — CnoRiosto  villus  fhom  tiik  h,a- 

CKWfk      AT      THK      TWKLrTTf     WKEK,         ElV- 
t.JLKGKD     180     DIAMXTEIIS    {tmoi     LainhmtLU 

I    after  Ecker), 

Froio  a  to  6j  the  epiUjelial  covering  is  left 
tfctfcire  ;  from  a  to  o  it  b:Ls  been  removed  and 
otiM  core  with    tho    capillary    blood* 
I  U  ftbowD. 

the  study  of  the  different  forms 
rhich  they  present  in  various  orders 
mammals,  or  as  it  is  culled  of 
pjacsntation ;  but  liinitatioo  of 
fpaoe  prevents  our  entering  tii>oo  any 
fall  ac5(»uiit  of  this  fiubjecu  and  tlie 
reader  is  ix»feiTed  to  the  works  of 
LTnrner  (No.  150,  ii.),  Ercolani  (No, 
U7,  IV.),  and  other  authors- 


'Hie  ir^nend  result  of  reoenfc  reseorclioii 
tho  Componktive  Anatomy  of  the  pla- 
tita  nmj  be  thnji  ita1>ed.  In  an  mam- 
iiiiis,  so  far  u  m  jet  known,  exoepUDg' 
the  Bumotremata  and  tiuimiipiiilfl,  the  true  placental  stmcturoa  consist  in  the 
antabliflhment  of  a  dose  relation  between  finely  ramified  fcctal  blood -veseelfl 
derived  originallj  from  the  outer  or  ni(!«M>blaetic  layer  of  the  liUantoiA,  with 
tnintitely  or  widely  distributed  bloo<i<vewtel»  belonging  to  the  utenw.  Both  of 
are  originallj  at  leiuft,  if  not  throughout  the  whole  of  ^e«t»tion,  accDin- 
1  and  tnupported  by  cellular  tmd  other  eonstitiient  elemtmts  of  tho  fcetol  and 
■tmctlires  to  which  the  blood -ve;<«elii  respectively  belong ;  a*,  on  tho 
pwt  of  the  fcBtns,  the  villoiiii  ramllieationH  of  the  cliorion,  and  on  the  elde  of  the 
notJier  a  corresponding  development  of  ft  fiarfc  of  the  linmg  roemhrane  of  the 
Qtcraa ;  while  the  uterine  glandg  do  not  appe^tr  to  take  any  direct  or  important 
>  In  thi*  coraliinntiloa  of  fojt^d  and  matomal  ulLmentH. 

EaJ*]j  DeTelopmemt  of  tlie  Human  Placeiita.^The  human 
ata  and  that  of  the  Apt^*?  arc  chnra^ tensed,  1st,  by  the  fuct  that 
chorion   derives    its   blcMKl- vessels   exeltisively  from   the   allatitois, 
rhich  are  ramified  in  the  villi  t^j  a  very  great  extent  and  degree  of 
and,  2nd,  by  the  enormous  dilatation  fif  the  ut*jrine  vessels, 
I  ilia  very  marked  changea  undergone  l>y  die  deciduiil  or  perivasenlar 
e,  which  give  rise  to  a  structure  diflerent  from  that  of  any  other 
animah 

All  arc  now  nearly  agreed  on  general  grouiirls  that  some*  combination 

*  fcetiil  and  maternsil  parts  oix'urs  in  the  formation  of  the  plar:enta  ;  but 

re  are  still  far  Ixom  having  an  exjict  knowledge  of  the  manner  in  which 

lie  union  is  effet^ted,     Suthcient  observations  are  in  fact  watiting  to 

bow  in  a  series  the  suax'S-sive  condiiiotis  of  the  placenta  during  the 

riod  of  most  active  change,  t,«.,  from  the  5th  or  ^tb  ^^k  M\k  W  Hlaa 
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middle  or  end  of  the  third  month  ;  and  as  the  bmnan  plaoenta  diflm 
too  widol}"  IVum  that  of  animals  to  admit  of  analogical  reasoniDvr»  tb 
\iew9  of  authors  who  liave  offered  ex|)hiiuitron8  of  the  phenomena  mcst 
to  a  gvmt  axteut,  he  regarded  only  iu  tiie  h*;ht  of  more  or  lees  prubabl* 
conjertures, 

Kamerous  ohservations,  howercTj  would  appear  to  make  it  extremtlT 
probable,  if  not  ac^timlly  a  demonstrat-ed  fact,  that  an  actual  imbcddiiii 
of  a  part  or  the  wh<4e  o(  tlie  foj tal  villi  in  the  swhstanee  of  the  d*^*iimk 
a  fuudamenta!  phenomenon  hi  hnraan  plae4?ntal  foraiation  (SchnkicrTW 
der  Kolk  (No.  14 1),  Lan^hans  (No.  1 51,  i.  and  ii,),  Leopold  (Xo.  li»6}J,4tL 

Fig.  e75. 


Kg.  675.  — VlRTICAl*  SkCTIOK   TllF40Ut3H    THE    MIPI»LK    PAllT  OF   TlPt  ?LACI3rXA  AX»  m 

Utrriite  Wall  (fraro  Farrc  after  Wigneri, 
The  prepomtion  was  from  a  woman  w^o  died  in  the  Ihirteenth  week  oC  |,wtMiiM  :  ^ 
UneB  II,  u,  run  through  the  wjdl  uf  t!ie  utenis  to  the  outer  AUrfacQ  of  tlie  f^omlmi  ^t4» 
dccidiia  scrotina  :  p,  the  tufUt  of  fa-tal  viiMcular  vim,  of  which  two  laiacr  jlTaiii  Hi 
■ep&ratcd  hy  docidiinl  i^epta,  as  at  dp;  /,  the  praccntal  end  of  the  umbOicsl  cvd ;  o^ 
tho  amnion  ;  eh,  the  chorion  ;  vf,  divided  iwtMi  blood >ireselB  ;  r,  Btami  of  fiavltf  ftf« 
ii«,  uterine  siou«ei$  or  vcin«  ;  ^i  «>  coil«d  aiteriea  pooiuig  mt^  the  pbeenia^ 

The  writer  of  this  section  thinks  that  be  hm  obtained  ouiiiiBCiB| 
|inu>f  of  this  imbedding  in  the  specimen  i*epresented  in  fig.  €7S,aini 
m  in  0  the  re  of  a  somewhat  m**re  advanced  age  (7  weeks)  ;  and*  ia  ttt 
fi^mre  itifeiTed  to,  lie  lias  indicated  the  place  and  manner  iu  vbidk  Ik^ 
niK'ddiii*:  uf  the  villi  may  k^  snppostd  to  occur  by  famt  lines  in  ibediaM 
space  or  interval  repreBented  iMjtvveen  the  tufte  of  \illi  and  the  ftnntf 
decidua  in  the  region  of  the  decidua  eerutina  and  the  greater  |nti  of  lit 
reflexa. 

ThuB  the  villi  become  ever}'where  covered  by  or  brought  iala  cte 
connection  with  delicate  prolongations  of  alterc*a  dc^idnul  tifiBur,  CH^* 
ing  with  it  loosely  the  nmch  cxixmded  uterine  vessels  reduced  to  l» 
condition  of  g-ij^ntic  capillaries. 

Bui  tlie  maiiv  diSvtixAl^  \%  io  determine  what  afterwards  beoootf  rf 
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this  decidual  tissue,  and  what  is  the  relation  of  the  nascent  condition  of 
the  pltux'nta  to  its  fully  dereloped  strnctnrc  ;  aud  here,  therefore,  the 
princifud  divergence  of  opinion  among  anthore  artses  ;  some  hi>ldin^,  iis 
Kolliker  does,  that  the  niatcnial  elements,  after  havin^::  been  combined 
frith  the  villi  in  the  manner  before  indicnted,  undergo  atrophv  and  dis- 
appear 60  as  to  leave  the  fcetai  villi  provided  oiilj  with  their  chorionic 
ifcructunes,  and  thus  liang^iog  niiked  into  the  maternal  hlotxl  sinuses ; 
and  others,  such  as  Ereolani,  and  in  aonie  measure  also  Turner,  main- 
taining that  a  part  of  the  matenud  Btrueture  remains  as  a  pti^nnanent 
covering  of  the  villi,  and  that,  after  the  ac(|ulaitioii  of  these  new 
maternal  elements,  the  original  chorionic  epithelium  of  the  villi  has 
disappeared  in  a  greater  or  less  degree.  The  writer  is  in  the  meantime 
m*jst  disix>scd  to  give  the  preference  to  the  view  advocated  by  KdDiker. 
In  this  t'arly  process  of  development  of  the  placenta  it  will  be  under- 
stood that  the  fa*tal  vilH  increase  rapidly  in  their  number,  the  complexity 
of  their  ramification,  and  the  penetration  of  larger  and  smaller  hloud- 
T6S8cl8  through  all  their  branches.  This  develoi>merit  atTects  at  fii"st 
all  the  villi  of  the  chorion  except  those  near  the  most  projecting  part  of 
the  refleia;  but  in  the  fourth  and  fifth  weeks  the  increase  in  the  number 
aad  bulk  of  the  villi  iKcomes  much  greatcT  on  the  side  next  the  uterus 
vhere  the  placenta  is  about  to  be  formed. 

In  the  decidua  serotina,  on  the  other  hand,  great  differences  have 
beoome  apparent,  among  which  is  to  he  noted  its  division  into  two 
laycTH  by  large  spaces  which  are  probably  dilated  glands.  The  inner  of 
tlieee  layers,  which  may  be  called  placental,  soon  loses  its  glands  entirely, 
and  the  other,  the  uterine  or  glandular,  retains  a  considerable  amount  of 
gbinduhir  structure. 

The  maternal  blood-vessels  of  the  inner  serotina,  which  at  first  had 
the  ordinary  chamcters  of  the  arteries,  veins,  and  capillaries  of  the  lining 
membrane  of  the  uterus,  become  completely  altered  by  the  atmphy  and 
diaapDesnuice  of  the  external  and  middle  coats  from  the  larger  vessels, 
and  by  the  conversion  of  them  all  into  wide  lacuna;*  or  gigantic  capil- 
laries through  which  the  matf:^rual  blood  contijjnes  to  flow.  These 
liwunsE  retain  for  a  time  their  epithelial  lining,  \n\i  linally,  wlien  the 
interpenetration  of  the  foetal  and  matenial  part  is  <Miiu|Jite,  the  epi- 
thelium is  lost  to  view,  and  is  therefore  either  entirtily  absorlieil,  or,  as 
supposed  by  gome,  remains  as  a  delicate  or  homogeneous  covering  of  the 
tterior  of  the  villi. 

the   early  stages   of  placental   growth   the   villi   show^   fre<i«ent 

aent  to  each  other  and  to  the  decidual  septa  by  means  of  pro- 

whieh  appear  to  consist  of  a  degenerated  giiiuular  form  of  the 

inal  tisane,  and  are  probably  the  remains  of  the  imlx'dding  decidua. 

he  chorionic  villi*  in  becoming  imbedded  in  the  decidua,  lie  first 

ely  in   groups  witfiin  hnney-comb-like  loeuli  bc»lh>wed  out  of  the 

horionic  stirface  of  the   inner  serotina.      They  undergo   the   further 

w>n  and  iralM.*dding  mainly  by  being  overrun  by  the  looser  suljstance  of 

'  'ecidna»  as  8np|H»sed  by  the  writer,  and  the  walls  of  the  loeuli  formed 

firmer  decidua  probably  extend  themselves  in  the  form  of  the 

tpta  hetweeij  the  Iof*eR, 

In  this  part  of  the  decidua  the  glands,  which  undergo  a  n^markable 

alargeme nt  (gee  later)  in  the  decidiia  vera,  s|>ee<lily  disappear,  and  it 

now  well  ascertained  in  animals,  by  the  researches  of  Elrwlani  and 

!ier,  that  the  fcetai  villi  do  not,  aa  waa  once  supposed,  penetrate  into 
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the  dilated  cavities  of  the  uterine  glanck,  but  are  simk  in  crrpU  of  the 
decidim  which  lie  l>etween  the  n:kndiilar  orifices.  Nor  is  there  aaf 
reason  to  believe  that  the  villi  enter  the  uterine  glands  in  the  fbnni- 
tioo  of  the  human  |tlaecnta.  On  the  contrary,  tlie  obeeirvitioni  rf 
Schnkier  van  der  Kolk,  Kolliker,  Turner  and  others  are  quite  opponl 
to  such  a  view. 

b.  Straetnre  of  tiie  Advi^ced  Humas  Placenta, — After  tb 
middle  of  j>re;^qianc}%  the  placenta  Furms  a  large  drseoid  or  lent ieuliirinii^ 
oF  from  four  to  five  inches  in  its  larger  diameter  and  about  three-quMtai 
of  an  inch  in  thickncB^,  interposal  in  a  limited  sy»aoe  between  the  foetii 
membranes  iind  the  ufceriiK.     It  presents  a  fcetal  and  a  ut<;rine  surfa(Oe,tiK 

Fig.  67a. 


j^ 


^^ 


?§^5^ 
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Fig,  670. — DlAQRiMMATIC  RKPRSBEKTATIOIT  OF  k.  SKCTIOH  OF  THB    HrjIAS    nACCSTA  Jtti* 
TEIK   VAKQIH   AT   FIW  OR    BIX  MOKTOB  {slightly  «llkrg«dV       (A.T.) 

on^  amnion  ;  ch^  chorion  ;  fi\  ntenis  of  fcetal  Teanla  pAfldng  tnt4»  tjro  of  Um  yAMmid 
1ol»cB  in  the  villi  of  which  they  undergo  capillary  nunification  ;  in»  nmaenlar  VHlil  IN 
iitcrufl  with  divided  iirt«ncH  and  veins  ;  r,  dccidua  vera :  r,  «L  xcdoa ;  il  teiiii 
ficrotina  jiliiccntalin  ;  ii^  d.  siTotina  uteri na  ;  d^^  septa  of  decidoa  pMMiiif  fmm  lit 
fuerotina  between  the  lobce^  branching  into  their  interior,  and  raadiiag  tlM  ebatiiV ;  ia 
their  lka»ee  are  seen  the  maternal  coiled  arteriea  and  the  dtvidod  T«iiM  ;  ei,  dfeakr  oBi 
M' A,  the  Babcharionlc  decidual  kjer.  An  attempt  is  made  in  thia  -^Iptgrafn  !» t^w  <hi 
union  between  the  penetrating  proces,>H«  of  reticnlated  deeidoa  HerotinA  aiul  Ibe  nlli  of  tk# 
IrttteBj  the  union  extending  in  thiR,  which  ia  a  marginal  |i*rt  of  the  plaooata*  m  Iiy  wi^ 
subchorionie  lajer  of  the  dccidua. 


former  having  iraplanted  into  it,  usually  near  the  middle, 
contain Jug  the  allantoic  or  nmbilia^l  vessels,  and  covered  bfattttoiirif^ 
longation  of  the  amnion.  The  placenta  contiiuie^  to  increode  in  »ar«<^ 
the  foetus,  and  when  it  has  attained  its  full  dimensions,  it  luis  a  widtb  t^ 
from  peven  to  eight  inches,  or  even  more,  and  a  thickness  of  aliuut  mr 
inch  and  a  qnarter.  Towards  the  circumfcreneo  it  nipidly  thini^  vlief^it 
becomes  continuous  with  the  chorion  and  dec-idua.    The  fcetal  wsAat  k 
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by  the  chorioo  and  amnion,  and  ia  tmveraed  by  the  larger  divi- 
53a  of  the  umbilical  vessels  Ijefore  they  dip  int*>  the  eubfitance.  The 
crine  sarfiWL'e  shows  u  eultdi vision  into  a  nuinl>er  of  large  lobes^  some- 
s  called  cotyledons,  which  are  covered  with  a  layer  of  decidua  Berotiua 
ling  over  the  whole  of  this  siu^face,  and  sending  septal  prolongatioua 
into  the  plftcente  l>etwecn  the  lobes,  which  may  be  traced  in  some  places 
as  far  as  the  fa*ta!  eurface. 

The  more  uniform  parenchyma  of  tlie  placental  within  these  lol>e8, 
which  to  the  naked  eye  presents  tlie  appejimnce  of  a  minutely  divided 
gjxingo.  corLsists  in  greatest  part  of  biglily-de%Tloj>€d  nnd  compiieated 
tuftfl  of  fcctal  villi  which  adhere  to  the  chorion  l«y  vascular  Btcms  of 
considerable  size  and  strength,  and  sulxhvide  »j,^ain  and  again  into 
minute  and  complex  ram iti cations.  Between  the  innumerable  etib- 
di visions  of  tliene  tnfts  are  the  irregular  vascular  spaccg  or  lacmiap, 
the  oniliuca  of  which  follow  closely  the  raniitic^itions  of  the  villi 
throughout  evtiy  iiiHcctioti  of  their  surface.  These  sixices,  wliich  are 
filled  with  the  matcrual  l>Iood  and  are  coiitinuous  with  the  uterine  \'es.Hcls, 
are  doubtless  to  l:>e  regartled  as  belonging  to  the  matcrual  system »  but 
their  minute  structure  aud  anatomical  relations  have  lx?cn  so  greotlv 
modified  in  the  progreas  of  the  pla(^mtal  growth,  that,  as  already  st^xteJ, 
ii  lias  been  f**uud  very  difficult  to  determine  their  exact  nature  in  the 
fully  formwl  condition. 

On  its  outer  side  the  placenta  is  nnited  to  the  uterine  wall  by  the 
^dua  serotitia,  consistiug,  as  already  mentioned,  of  two  laTcrs,  of 
rhich  the  inner  alone  eotei^  directly  into  the  formatioti  of  the  pkceuta, 
this  inner  layer  of  the  serotina  s^qtta  are  prolonged  between  and 
and  more  or  less  completely  the  lol>ea,  m  as  to  separate  them  from 
^another  with  very  ol)vious  but  interrupted  bands  of  decidual  tissue  ; 
lid  ft'om  these  interlobular  septa  iiTegular  branched  processes  run  int<i 
I  intenor  of  the  lobea  and  thnuigh  the  placenta,  so  as  even  to  reach  the 
ion  in  many  places,  and  to  unite  with  the  subchorionic  layer  of 
ina  which  extends  froui  the  margin  of  the  placenta  upon  the  churion 
fer  a  considerabie  distance,  if  not  over  its  whole  placental  surface  ;  and 
it  thus  becomes  apparent  that  both  foetal  and  maternal  (or  decidual) 
stmctnrea  are  intimately  interniixed  throughout  the  whole  thickness  of 
the  pkoenta. 

A  mioater  examination  of  the  spongy  or  finely  divided  portions  of  the 

Elacental  lobes  showB  that  in  these  the  innumemble  terminal  villi  of  the 
ranched  foetal  placental  tufts  lie  or  hang  for  the  moat  part  free  in 
uregnlar  spaces  (inter villous  lacmiie)  filled  with  the  maternal  blood  ; 
bot  they  are  not  entirely  loose,  for,  beside  the  stalks  on  which  they  are 
set,  in  numerous  places  they  are  attached  at  their  tips  and  also  on  their 
aides  by  slender  bands  and  sometimes  finer  tilamenti*  of  very  irregular 
form  and  of  a  granular  fibro-nuclear  substiuice,  which  pass  from  one 
[to  another  of  the  villi,  and  between  them  and  the  processes  of  the 
[decidua  serotiaa,  and  which  seem  to  be  composed  of  deoidnal  elements ; 
forming  thus  according  to  Turner  a  network  of  trabeculm  derived 
the  decidua  serotina  in  the  inters|«icea  of  which  the  villi  are 
ontained  (150,  iii.). 

The  maternal  bfood  spaces  present  the  most  varied  and   in-egular 

R,  which  scarcely  admit  of  descriptiun,  and,  as  they  all  intercam- 

iliiciite  freely,  may  rather  be  compred  to  a  labyrinth,  the  wail^  of 

rbicb  are  entirely  formed  by  the  villi  over  which  they  are  moulded  j  so 
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that  it  IB  obvious  that  the  villi,  with  whatever  covering  they : 
arc  in  full  coutact  with  the  rnatornal  blood  which  permeates  i 
iutervilloufl  spacefi  or  larnnte. 

The  f(t*tiil  villi  |)n.'setit  from  a  very  early  pHTiod,  and  lon^  before  th<t 
have  eutertd  into  any  couilii nation  with  the  uterine  structures,  a  distiuii 
external  coverinf^  of  epithehiim  which  may  be  ealled  fjborionic,  aiui  m 
soon  as  tiiey  become  \n.«icular  tlicir  interiur  is  occupied  by  a  core  rf 
crmnective  tissne  in  wliich  the  fine  divisions  of  the  allantuie  vcsfdint 
imhedilerh  In  the  moiT  advanced  stag^es  of  placental  f^rowth  an  uyettut 
of  the  firtul  vessels  corresp^indin<i:  ivitli  the  jinKlif^ioiis  ramifittitioD  and 
extension  of  the  villi  takes  ]»lace,  and  besides  the  deeper  loopi 
eapillary  and  other  vessels  which  oceiij>y  the  interior  of  the  villi  there i 
develofied  also  a  mere  snfxrtieial  eapillaiy  network  {Schroder  ran 
Kolk,  Xo,  141)  ;  hnt  in  other  res|iect8  the  individnal  or  tenuiiial  villi  d> 
not  appear  on  a  suijorficial  insp?ctiMn  to  dilfer  greatly  from  thoee  of  tht 
eariier  statres* 

On  the  other  hand,  tliere  is  good  reason  for  re;:;'ardiog  the  maknal 
blood-spactB  of  the  advanced  placinta  as  essentially  enlarge<i  aad  alUnd 
deeidnal  blood-vessels  ;  forthonj^^h  the  whule  steps  of  the  pnicesB  of  oci^ 
version  liave  not  been  traced  witlj  snlFicient  fiihicss  or  accuraoy,  wi  m 
not  without  evidence  from  observation  (Virchow,  No.  U2,  and  f^'ertlqf; 
No.  144)  that  the  intervillous  laemiie  must  owe  their  onj^'in  to  the  & 
appearance  of  the  decidual  arteries  and  veins  a^  snch  and  the  enormoc? 
dilat^ition  of  their  capillaries  aronnd  the  villi,  and  to  the  thinning  aiij 
of  the  decidual  tissue  in  wliich  they  wt.-re  pix'vioaaly  distributed. 

Microscopic  obeervation  Ims  shown  that  the  peculiar  coiled 
which  pass  throuf^h  the  serotiua  as  the  prolongations  of  the  utei 
arteries  are  destitute  of  the  middle  and  outer  arterial  coats^  but  arc  li 
with  epitheHum,  aud  open  directly  by  sudden  enlargement,  and  wit 
the  intervention  of  any  capilJary  vessels,  into  the  wide  cavitiefi  of 
placental  sinuses,  imd  ftnther  that  these  sinuses  are  brought  into  di 
commnnieation  with  the  lutE^cr  uterine  veins  by  meana  of 
venous  canals,  lined  with  epithelium,  which  msa  in  a  slandDff  ] 
thronp^h  the  decidua  scroti na,  as  well  aa  by  otners  which  join  tSe 
plexus  named   the   eircuhir  sinus  eitoated  round   the   margin  of 
placenta. 

Belatioci   of  the  Postal  and  ICfttemal  Blementa  in  the 
Placenta.— Such  Imng  the  hj.^loi  j  of  the  foetal  Tessels,  ami  the  tnaUasal  1 
^pacfiH  ill  tilt)  pl£Lti€utii,  there  KtUl  romain  the  Important  and  difficult  qa 
which  have  be^n  long  diwmaBedf  and  which  h&TG  not  jet  reodred  a  i 
solution — viz.»  IrMiat  has  become  ot  the  decidual  tij^ue,  and  the  ! 
onlar  lining  in  the  develoi^ed  phMsenta  ?      HaTe  thej  been  entinelj  i 
atrophj  and  abiwrption,  or  are  they  still  persistant,  and  are  their 
be  fcmnd  as  covering:^  of  the  villi,  or  in  any  other  form  f 

As  holding  the  fir^t  of  the^  views  Virchow,  KdlUkeTf  and  Leopold  msf  I* 
qnoU^d  ;  and  as  supporters  of  the  pocond,  Schroder  ?an  dcr  Kolk^  ^-      .     ^      > 

It  would  occupy  too  much  space  to  attempt  any  n?Tiew  of  thm 
adduEod  in  favour  of  theia  opposite  riews ;  and  we  mtiM  thewrfog^  rite  ifci 
reader   to  the  work^  of  the  authors  quoted  in  copi  u  ith  tiilt  ia,tjtd, 

remarking''  at  the  same  time,  that  while  the  grteato^t  vrdimMXtij  m^B 

an  general  grounds  to  beloner  to  the  first  view,  or  th«t  ot  ivojuki^T,  viju  tSial  Ai 
villi  retain  their  origiual  epitlieliumt  and  that  the  maternal  stnictiiTv  mmd  k«*i 
suffered  atrophy  and  diaappearance  ;  the  other  opinion  is  nr^  ^^ 
evidence  in  ita  favour.     And  more  espeoially  if  it  c^* 
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-and  in  this  he  is  sopported  by  Romiti  (No,  157) — that  in  the  Tilli  of 
th0  l^nth  week  both  the  foetal  and  maternal  epitlioLium  aro  still  present  toother, 
while  the  foetal  or  deeper  epithelium  appears  to  bo  undergoing  atophy  pr«piim- 
toiy  to  its  Femovalt  the  view  taken  hj  that  anthor^  that  in  the  fonnaiion  of  the 
placenta  the  decidual  cells  are  Bubetitoted  for  the  foefcal  epithelial  covering,  and 
poMihljr  also  that  a  thin  lajer,  representing  the  Uning  epitheliiim  of  the  mat<L*mal 
f«M6l0»  OTerlaya  It  external  I7  on  the  surface  of  the  rilli,  might  reoeiye  important 
cOBBrmation. 

Bnt,  a«  before  remarked,  further  reBearchea  are  atiil  reqnired  in  tho  period  of 
placental  development,  extending  from  the  fifth  or  sixth  week  onwards  into  the 
third  and  fourth  months,  to  enable  ns  to  determine  the  precise  manner  in  which 
the  peculiar  condition  of  the  maternal  ainnsea  in  the  human  Bpecies  and  in  Simise 
Is  brought  about.  There  can  be  little  donbt  that  thia  condition  is  eflsentially 
ittffemkt  from  that  which  had  been  well  shown  by  the  researches  of  Tomer  and 
boolaxii  to  prevail  in  other  animals,  in  which  it  appears  that,  along  with  the 
fditel  capilluy  blood- ves^s,  and  the  epithelium  of  the  villi,  there  are  always 
prment  distinct  maternal  elementdT  in  the  form  of  capillary  or  other  vessels 
Ibied  with  cpithelinm,  and  a  certain  amonnt  of  obvious  decidual  tissue  fiurronnding 
them, 

delation  of  the  Fteriiie  Qlands  to  the  Placenta. ^It  has  already  been  stated 
thai  the  villi  do  not  penetrate  into  the  uterine  glands  of  the  human  placenta. 
Thew  glanda  nndergo,  it  ia  true,  in  the  earlier  three  months  of  uterogestatipn 
great  enlargement  and  modification  of  their  form«  In  the  deoidna  vera  especially 
the  enlarged  state  of  the  glands  is  well  known  and  vevy  apparent  in  the  early 
tn^ypiK*  of  pregnancy  ;  but  as  the  membrane  thins  out  in  the  later  months,  they 
■ze  much  flattened  and  atrophied,  tmt  are  not  entirely  lost.  In  the  inner  layer  of 
the  deoidna  aerotina  they  very  soon  become  obliterated  and  disappear,  but  in  the 
outer  or  uterine  layer  their  cavities  remain  in  a  much  widened  condition,  though 
drawn  out  and  flattened  ;  and  it  seems  as  if  they  gave  rise  in  part  to  the  separation 
of  the  outer  and  inner  layera,  where  the  severance  afterwards  occurs  in  parturition. 
In  the  outer  layer ,  however,  the  glands  are  preserred  in  such  a  state  aa  to  be 
capable  of  restoration  alter  parturition  in  that  part  of  the  mucous  membrane. 

The  outer  layer  of  the  serotina  is  also  the  principal  seat  of  the  development 
in  the  latter  half  of  pregnancy  of  the  largest  or  giant  multinuclear  cells,  which 
are  characteristic  of  that  layer  in  man,  as  weO  bh  in  ma^iy  animals.  In  connec* 
tkm  with  these  cells,  it  ia  proper  to  mention  the  important  discovery  made  by 
Medlinder  (No.  152),  and  confirmed  by  Leopold  (No.  156),  aooording  to  which  it 
appeals  that  the  main  veins  of  the  serotina  and  the  adjacent  part  of  the  uterine 
wall  Qndergo  in  the  later  stage  of  pregnancy  a  process  of  gradual  obUtemtioo 
by  the  ingtowth  of  the  giant  cells  into  the  interior  of  the  veins — a  process  which 
tegins  in  the  eighth  month,  and  goes  on  progressively  up  to  the  end  of  gestattonf 
1  which  teems  to  have  the  effect  of  producing  stagnation  and  stoppage  of  the 
of  the  blood  throagh  the  veins,  and  may  probably  be  a  fiotor  m  the 
I  of  the  act  of  parturition. 

atal  Olroulation. — The  existence  of  a  distinct  circulaMon  of  blood  in  the 

|iaiid  in  the  maternal  vessels  of  the  ptacentaf  disoovered  by  the  Hunters,  has 

i  placed  beyond  doubt  by  the  experimental  investigations  of  all  those 

are  injected  the  two  sets  of  vessels  with  sufficient  care  and  mooesa    fiy 

1  injections  fluids  can  be  made  to  pass  from  the  umbilical  arteries  through 

capillaries  of  the  villi  into  the  veins,  or  in  the  reverse  direction  from  the 

\  into  the  arteries.    Nor  does  there  ever  oooar^  except  from  ascertained  aeci- 

rupture  of  the  vessels,  either  extravasation  of  the  injected  material  into 

vening  tissue,  nor  any  escape  into  the  maternal  sinuses. 

( leanlt  of  artiflcial  injection  of  the  blood-Teasels  in  the  pregnant  uterus 

^  r  demonstrates  the  nature  of  the  circulation  in  the  maternal  part  of  the 

for  it  is  easy  to  show  by  this  method   that  a  fluid  thrown  into  the 

}  arteries  passes  through  the  coiled  vesaels  and  fills  all  the  maternal  blood* 

I  of  the  placenta,  aurrounding  everywhere  the  chorionic  or  fcBtal  villi,  and 

j»*  thence  into  the  uterine  veins  by  the  slanting  venous  channels,  the  utcrt*' 

Mm«rj,  lined  with  epithelium,  which  iiwue  from  the  placenta  at  its 

7  piercing  the  decidua  lerotiiui,  and  whkU  axe  «\Mk  ^^n 


^ 
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ntunerons  towaids  the  oironmf erence  of  the  organ,  where  thej  aie  in  oob 
tion  with  the  venous  plexus  or  so-called  circular  Binua    Some  of  tiuK  ? 
even  be  traced  for  some  distance  into  the  placenta,  in  the  eepla  of 
substance,  which  are  prolonged  from  the  deoidna  serotina  between  ^M 
(See  Turner,  Eolliker,  and  others). 

Separation  at  Birth  and  Bestoration  of  the  Uterine  ICemtanM/-hfc 
act  of  birth  a  large  part  of  the  decidual  structures  which  have  beeafnrik  [i 
human  uterogestation,  including  that  which  is  strictly  placental,  the  lUM 
what  remains  of  the  d.  refleza  and  a  considerable  part  of  the  d.  Ten,  bovM 
into  one  thin  covering  of  the  chorion,  are  separated  from  the  idieTai.tqil  . 
with  the  foetal  placenta,  the  membranes,  and  all  that  belongs  to  tki  i^  £ 
Thus  in  parturition,  by  the  effect  of  uterine  contraction,  the  foBtoi  bM^  i 
pelled ;  the  detached  placenta  follows,  and  carries  with  it  the  inner  bfti  ij 
serotina,  the  coiled  arteries  and  the  slanting  veins  being  broken  tfaroagk;^ 
oome  the  inverted  membranes  of  the  ovum,  tog^ether  with  the  remiinscf '  ' 
reflexa  and  part  of  the  vera,  which  are  finally  peeled  off  the  whde  of  tke  M 
of  the  uterus.  On  the  uterine  surface  a  part  of  the  deddoa  ven 
and  also  the  uterine  decidua  serotina  lying  next  the  muscular  wall  of  tieiM 
In  this  layer  are  imbedded  the  remains  of  the  convoluted  uterine  glindi.ili 
extend  outwards  into  the  substance  of  the  muscularis  muooes.  &■■ 
soon  prolonged  to  the  uterine  cavity,  a  ciliated  epithelial  lining  u  foorft 
the  inner  surface,  and  the  natural  structure  of  the  whole  membnae  lii 
completely  restored. 


II.   DEVELOPMENT  OP  THE   SYSTEMS  AND  OBGAlfflt 
THE  EMBEYO. 


It  will  be  convenient  to  treat  of  thisy  which  is  the  mofll 
division  of  our  subject,  nnder  the  following  sections,  vix.:— Lif 
External  Form  and  Framework  of  the  Bodj ;  2.  The  NervooB  SM 
8.  The  Vascular  Sjrstem ;  4.  The  Alimentary  Canal  and  ^mm 
Organs ;  5.  The  Urinary  and  Generative  Organs. 

L    EXTERNAL  FRAMEWORK  AND  WALM  OP  THE  BODY;  flB 
SKELETON,    VOLUNTARY  MUSCLES  AND  INTEGUMENT8L 

In  the  most  general  morphological  view  of  the  develoiHoent  tf  k 
external  fhime-work  of  the  body,  its  parts  may  be  regaraed  tf  U| 
moulded  in  certain  definite  relations  according  to  the  vertefanteV 
upon  the  cerebro-spinal  nervous  centre  and  its  containing  cranio-nrtP 
cavity,  and  in  theur  conmiencement  they  present  the  fonn  of  ^^^W 
ments  or  somites,  which  in  the  trunk  correspond  in  number  liu* 
vertebrsB,  but  in  the  head  follow  a  somewhat  difrerent  arrangemenL  ■ 
will  be  convenient  to  begin  with  a  short  statement  of  the  eaiWl^ 
nomcna  of  the  development  of  the  embryonic  axis. 

L   FIRST   BXTDUCBNTS  of   THB   BMBBTa 

These  consist  mainly  of  four  parts  which,  named  in  the  order  of  ^ 
commencement,  are  the  primitive  streak,  the  medullary  canal,  the  net 
chord,  and  the  protovertebral  somites.  The  first  of  these  is  easentBii!' 
temporary  and  evanescent  structure  ;  the  third,  round  which  the  coW 
of  vertebral  bodies  is  formed,  though  also  transitory,  is  somewhat  n* 
"peTslatoit  tlasca  thft  first ;  the  second  and  fourth,  as  the  fouDdadoa  • 


EMBEYONIO    RUDIMENTS.    rRIMITIYE    STREAK. 
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Plia  FrimitiTe  Streak  or  Traco.—The  earliest  indication  of  the 
non  of  the  embryo  is  in  thQ  primitive  dreak  wliich  appears  about 
relfth  hour  of  incubatioo  in  the  cliick,  and  on  the  seventh  day  in 
nm  of  the  rabbit,  in  that  jmrt  of  the  eiiihryonic  area  which,  with 

7**-Pt111F0RM  TIUIISPAEKKT  AEBA  OF  Fig,  677* 

V  chick's  BLASTOl>lEfiJt  WITH  TBB 
IKITITK  OBOOVB* 

vimitiTe  itnftk  and  grooTe  ;  fif^  am- 
old  commeiiciiig  ;  tlw  darker  ehadiag 
iibe  fxrimitiTe  sti««k  i&dk&tea  the  ex* 
of  the  mesobLut. 

DCe  to  the  ptfiition  of  the  era- 
may  lie  culled  the  hinder,  and 
I  also  is  the  naiTOwer  part  when 
rca  baa  become  pjriforai.  It 
jt  at  first  a  linear  or  elongated 
but  begins  as  a  coinparatively 
sickle-like  thickening  of  the 
derm  at  the  margin  of  the 
ronic  area,  and  subsequently 
M  inwards  uix>n  the  area, 
pfcnn  of  a  nurruw  strap-like  opacity,  as  previously  described 
y4B.  It  is  closely  connected  with  the  epiblast  or  upper  layer,  and 
rmation  m^mA  to  consist  more  immediately  in  a  proliferation  of 
kom  the  lower  surface  of  that  layer  which  resulta  in  the  develop- 
of  the  mesoblast  or  middle  layer  through  the  whole  length  of  the 
tire  streak,  in  which  the  epiblast  and  mesoblast  are  thus  rendered 
inouB* 


6. — BjfB&TOHTO    ARSA    FBOH    THE     OTUH    Of    A 

t»iiiT  or  KioHT  DAYS,     Y    (^^0™  Kdniker.) 

border  of  tbe  embrjonic  area  ;  pr,  priimtiT« 
with  grooTQ. 


Fig.  678. 


the  course  of  its  fonnation  the  primi- 
treak  acquires  a  i^oove,  the  primitive 
f^  which  arises  from  a  depression  io  the 
iBt  at  its  upper  surface.  This  groove 
not  usually  extend  to  either  end  of 
treak,  but  presents  near  its  anterior 
nity  most  frequently,  but  elsewhere 
Eld  somewhat  variably  in  birds  one  or 
depreasions  which  are  found  to  run 
fh  the  blastoderm  and  indicate  an  interesting  relation  of  the 
.  to  the  blastopore  and  nenrenteric  comnmnieution  prcvioufily  pb- 
to  (p.  750).  The  hypoblast  takes  no  share  in  the  i>rodnc- 
if  the  primitive  streak,  but  runs  across  the  area  tree  and  flat 
*  it. 

s  primitive  streak  and  groove  were  at  one  time  confounded  with 
mmcncement  of  the  true  eerebro-spinal  axis  ;  but  it  was  shown  by 
leervations  of  Dursy  in  1867  (No.  IJO),  and  has  been  fully  proved 
s  (No.  29,  i.)  and  others  following  him,  that  it  does  not  give  riaa 

rt  of  the  uervom  centre  nor  to  any  otkei  \mwrt«s\t  ot^asi* 
^  ^1 
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but  on  the  contrary,  is  in  a  ^reat  measure  transitoiy  and  evaimoat 
m  its  nature ;  for  thongh  at  lirst  it  indicates  tmljr  the  dirc?ction  of  ik 
embiyonio  axis^  wc  shall  hnd  that  it  is  thrnst  more  and  more  bockurdi 
by  the  medullary  and  Tcrtebral  rudimcnU  as  tliey  progreaflavely  grow  in 
^ont  of  itj  and  it  seetus  at  hisi  to  be  lost  in  the  ti^ue  below  the  caudil 

Fig.  5/9. 


Fig.  679, — Teakstbrss  srionoH  TaRouon  thk  trout  vnn  or  tbx  ntnaTiTB  sous 
or  tsn  CHICK  O?  about  12  HOtr&s.     (Prom  Biklfour.) 

pTf  primitire  grooTe  ;  in,  mmMoMi ;  ep^  epiblast ;  Ay,  kTpobUii* 

extremitv  of  the  embryo.      Its  real  significance  therefore  Um  idmaIj 


Fig.  680, 


Fig. 


680.— SuBfid 
PABXirt  ABBA  or 

BOITBJV  MM KWfiAT  I 

Bftlfoor.) 


direction  as  the  primitive 
left  vacaai  bj  t\i^  \^to. 


in  its  relation  to  tlie  origin  and  connection  of  the  layers  of  tho 
derm  and  their  apparent  invao^ination  at  a  period  preceding  tlie  CM^ 
velopment  of  the  cerebro-spinal  nervous  axis  of  the  embryo. 


hm^ 


^^ 


pTf  piimiiive  gTOOT«^  eknd 
tlie  codesoence  A    ihe  ivo 
mr,  medallBiy  grooTv»  hariag  tm 
the  medtOJAiy  foldi  or  ri4m  A^^ 
meet  in  f  mot  lo  eackas  urn  § 
vtrgb  behind  ki  a*  lo  maSkm 
Btr^  ;  in  front  tbe  fold  «f  iIm  AOJiifl  * 
commcjiciiig. 


2.  Medullury  or  Vfiiuttl  Cm 

tre, — The  first  rudiment  of  tliefntf 
neural  centre  makes  it«  MpfttBK^ 
somewhat  later  than  the  «iiBiii<> 
streaky  viz.,  in  the  cbick  irai  dit 
eighteenth  hour,  and  in  IImb  rtUit's 
ovum  on  tlie  seventh  day.  It  tab* 
place  entirely  within  the  epibfatf  <' 
outer  layer,  and  depeodft  o&  t^ 
growth  of  the  ccIIb  or  thii  layer  a 
th«  anterior  part  of  the  emliyu0^ 
area  where  it  eiteuds  is  tlie  n^ 
streak  so  as  to  occapy  that  peiri  of  the  iR* 


OVUM  OF  fisvEN  DATS.     ^    (FroED  KoUiker.) 
<»«  TiacnlAr  area ;  off^  emhijatdc  area  ;  ^,  pdMitif  e  streak  and  groove ;  rf^  medtilLarjr 


boweTcr,  elongate,  and  increasing  in  their  thickness  at  the  outer  margins, 
th^  rise  into  lateral  ridges,  which  are  Beparated  hy  a  groove  or  fiiirow, 
while  they  mn  into  one  another,  or  are  joined  together  round  the 
oepbaiic  extremity  of  the  groove.     Behind  they  diverge  somewhat,  and 

Tig.  €82. — BoasAL    vtiw    or    a    BLA^TorjEHM    and  Fig.  G^2. 

KMBITO    OKIOE    BikVtlia    FIVE    MSiKlllLABTlCS  tiOMITES. 

(From  Balfour.) 

a, Jiff  anterior  part  of  the  primitiTe  ctreak  ;  p,pr, 
imtenor  part ;  the  tn&duJbry  ridges  bave  oonie  to* 
ftihier  In  tho  greater  part  of  tlieir  extent^  but  have 
BOl  j«t  omted  ;  the  camdiJ  Dwellings  are  v bible  on 
mA  ai'le  of  a,pr. 

tbere  they  extend  for  some  distance  on  either 
flde  of  the  primitive  streak,  bo  as  to  enclose 
oeftrly  its  anterior  half  between  them.     ^ 

As  the  formation  of  the  medullary  plat€« 
and  groove  progresies,  they  extend  more 
uid  more  backwards,  so  that  the  addition 
of  new  substance  in  the  iirimitive  or  axitil 
embryo  takes  place  mainly  by  interpo- 
ution  between  the  r>art  already  formed  and 
the  primitive  streak.  As  they  extend  back- 
waffds  the  ridges  abo  rise  more  dorsally  so  as  to  deepen  the  groove,  the 
cephalic  part  widime  out  into  a  8<:jmewhat  conical  hollow,  while  the 
fpinal  part  remains  of  a  more  equable  and  smaller  diameter. 

In  the  next  stage,  which  is  completed  by  the  80th  or  35th  hour  in 
the  chick,  and  the  9tb  day  in  the  rabbit,  the  medullary  ridges  of  the 
epiblast  bending  round  dursally  have  met  in  the  middle  Une  above  the 
medoUarf  groove,  and  there  coalesce,  at  first  in  a  hmited  sf^aod  neax  tt» 


4' 


— ? — T 


ht  epibLaat ;  dd,  bjpobkst ;  sp,  mesoblnst ;  rt\  meiliillftr| 
pktes ;  ck,  cborda  doivalis  i  tiwpf  proto*Tcrtebral  plate ;  utm 
axm  of  mesobket  into  its  upper  azid  lower  tamiuie ;  between 
knuius  or  ridges  wMck  b?  their  approximation  ctoee  in  ike  iiia^ 


Tig*  684,^Traiistir»k  sicnoii  of  ax  kmbrto  chick  dt  the  14 

DAY,   AT  TBS  FLACl  WUt&K  THK  TIBTlfiAAIi  SOXtTW  OUfll. 


fv.  dorsal  litlgiefl:  f^  medutliiry  grooTo  or  cuk^l 
▼eitebrftl  plate  ;  sp,  lateral  plate  of  the  me«oblaat ;  A,  epil 
primitiTe  right  aorta ;  ip^  commencement  of  diTiaion  of  (be  t 
body  cavity. 

Pig.  6S5. 


NOTOCHORD- 


m 


[interior  extremity  of  the  primitive  streak  to  ..he  front  of  the  meduJlary 

loanal ;  bat,  esC'ept  id  its  hinder  end,  it  has  no  immediate  connection 

with  the  epiblast  in  which  that  eaual  is  formed,  and  lies  beneath  it  in 

the  place  which  is  aflerwardjs  occupied  by  the  bodies  of  the  vertebrae 

Fig,  686. 


66. — DtlORAXMATIOLONaiTUDISALSICTIOirTKBOtrdll  fWB  AXIS  OF  AN  EUB&TO^fniCS. 

(From  Foster  suid  Balfour,) 


i  ift  suppCMed  to  be  tnade  at  a  time  when  the  li«fid*fo1d  hsuA  commenced,  hat 
Ihtt  tftil'loild  liM  not  yet  appeared.  A,  eiiiblost ;  B,  meAobkfli  ;  C,  hn>ol>Lkst ;  FSo,  fold 
of  tlie  tomfttopknre ;  FSp,  fold  of  the  spUuiclmopleiirc  ;  Am,  commencing  (hc«id)  fold  o£ 
tike  jynnioii:  J^^C%  neiir&l  canal,  closed  in  front,  but  still  o|)«a  behind  ;  Ch,  noto^hord,— > 
Itt  fnmt  of  it,  ancleft  mesoblast  in  the  base  of  tlie  eraoium ;  D,  Uie  oooicieQciag  for^gut^ 
or  ftliiiie&tar;  canal;  Ht,  heart ;  pp,  pletiro-peritoueal  cavity » 

and  boBC  of  the  cranium.  When  fully  i^jrmed  it  is  also  aeparate  from 
the  hypoblast  which  runs  across  beluw  it.  From  this  it  might  appear  at 
first  sight  that  it  belotisj^s  to  the  mesciblaat,  by  a  part  of  which  it  is 
flOdnewmit  later  surrounded.  But  there  are  still  doubts  with  respect 
to  ita  origin,  that  is,  whether  it  is  from  the  mesoblast  or  hypoblast.  The 
ibrnicr  view  is  held  by  Kolliker,  and  for  the  higher  vertebrates  is  in 


Ft^  667. — Tiuvflntisi  secrtos  tHftouatr  tuk  txBKToirto  HBaton  of  ran  ntxsrotiwtu 

09  A  mtlOK  AT  TUB  TtXB  Of  TffB  fOftlCATIOir  Of  TBK  NOtOCIlOft]>«      (FtoiD   BalfoUT,) 

ep,  «pit>1aat ;  Ay,  bypobta»t ;  eht  Dolocbord  ;  me,  mwobtuvt ;  n,  ouctei  of  tbe  genni* 
sal  wall  yit. 

iome  regpects  tenable  :  but  in  elasmobrancha  Balfour  has  found  the 
notochonl  to  arise  very  distinctly  from  the  lower  layer  by  an  actual 
infolding  of  a  linear  strip  of  the  cells  of  that  layer,  and  he,  as  well  as 
•ome  others,  are  dji5|308ed  to  attribute  the  origin  of  the  notwhord 
in  the  amniota  to  a  similar  source.      With  respect  to  ili\&  vv^^^ 


m 
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it  is  to  be  observed  that  the  hinder  end  of  the  notodaotd  » 
C4)ntinuons  with   the  front  ]mrt  of  the   primitive  strak 
mesoblast  and  t-pibli^st  are  united,  and  if  it  does  f^pring  feim 
layer  in  front  r>f  that,  it  is  still  possible  that  in  that  situation  tb 
blast ic  €4emeiits  have  not  yet  been  ditfercntiated  from  the  ^'^ 
in  the  primitive  lower  layer. 

In  the  ainniota  the  nutochord  is  mainly  cellular  in 
in  some  of  the  lower  Mjrtebrates  it  becomes  cartilaginoos,  wiJ 
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apCt  spiiuil  canal;  e^ 
she&th  ;  ao,  aorta  ;  nip,  miiack  |M«;  < 
mont  of  rertebmL  bodj.      TW  %vt  i 
tally  described  elsewhere. 

as  a  permanent  gubstitute  (if 
vertebral  column.  It  ii 
deheate,  BtmeturelesB,  or 
sheath,  outside  which  in  t 
vertebrates,  but  not  iu  the 
another  eheath,  viz.,  the 
formed.  It  is  upon  the  suAoe 
cuticular  sheath  in  the 
between  it  and  the  outer  _  -.  ^ 
sheath  in  the  lower  TertebiitB^^ 
the  mesoblastic  substance  deriT^^ 
the  imier  part  of  the  proto-yti^ 
column  is  deposited  to  form  the 
of  the  future  vertebral  bodkili 
manner  presently  to  be  described.  The  notochord  itself  takesno 
port  in  the  formation  of  the  cartilaginous  or  osaeoos  veitebre 
remains  are  to  Ije  found  for  a  considerable  time  mthin  the  ' 
the  vertebne  and  intervertebral  ivlatc^s,  as  described  by 
(No.  159),  and  others  in  the  human  fostus  to  a  late  penod,indll 
in  the  child  after  birth.  I 

4.  Mesoblastic  or  FrotoTertebral  Somites. — There  is  BkOliBol 
series  of  early  developmentai  phenomena,  which  are  nearly 
ranefjus  with  the  three  previously  referred  to,  and  wliich,  tboogli 
themselves  immediately  concc^med  in  the  production  of  axial 
are  yet  intimately  a«s<x?iated  with  some  of  tliem,  and  have  an 
bearing  upon  the  whole  after-history  of  dcvekipmeot.  Soon  after  tkl 
pearance  of  the  medullary  plates  and  gn:>ove,  and  before  the 
ment  of  the  closure  of  the  medullary  tube,  there  have  appecrod  oa  i 
Bide  of  the  dorsal  ridges  a  mw  of  well  defined,  dark,  qnadnM 
masses,  situated  in  the  a^ij'acent  column  of  mesoblast,  and  sepaiileJ 
clear  transverse  clefts,  or  linear  intervals. 

These  masses  were  for  long  linked  npoo  as  the  radioieiito  of 

permanent  vertebne,  and  were  called  the  primordial  or  proiihV^lA 

Dut  they  ai-e  now  known  to  be  tif  a  more  comprehensive  nataic^i 

receive  the  appellation  of  mesobhs fie  ov  profot'ertsbral  BomiUM.  \ 

In  tLO^  \>TQ«cat^\\\^?,  Vti  ^T!L\\lain  the   relation    of  th^Mr  tnuvii 
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PBOTOTEKTEBRAL    SOMITES. 


7i8 


mil  the  fact,  peferrefl  to  in  the  account  of  dcTelopment  in  general, 
» the  g^reat  mass  of  tbe  mesoblast  is  veiy  soon  divided  longitudinally 

489.— Embbto-crick  at  ths  kvd  of  tbm  6BOO«D  i»at, 
sutu  r&oM  BKLOW.     ^    (Prom  KdUiker.) 

ft,  fofcbnin  ;  Ab,  priniAiy  ocuUr  veiklfiB  ;  C%,  notochord  ; 
l^imbiiLar  heart ;  am,  yiteHine  Teina ;   Fd,  entrance  to  the 
of  the  alimentary  caim]  within  the  cephnlic  fold  ;  in 
iddle  part  of  the  embryo,  the  proto vertebral  Bomitea  are 
(to  tb«  number  of  thirtceD  psdn}  oa  each  aide  of  the  caoal 
m  ipiiial  marrow  and  notocbonl. 


IT  HI 


side  into  an  inner  thick  colnmn,  in  which 
tmns^^erse  segmentation  into  somites  more  im- 
i^iately  takes  place,  and  which  may  be  therefore 
N^3ed  the  proiovertehral  columns,  and  into  flatter 
•a/  plateSy  which  again  very  soon  become 
Mded  horizontally  into  an  upper,  or  parietal, 
&  a  lower  or  visceral  lamina,  and  have  between 
fem  on  each  side  the  Imii/  C4ivilij^  or  pleuro- 
tntoneal  space.      At  present  we  have  mainly  to 

with  the  inner  or  protovertebral  column. 
T'he  transverse  cleavage  of  this  column,  giving 
^  to  the  pro  to  vertebral  segments  or  somites, 
Mns  to  appear  very  early  at  the  side  of  the  dorsal 
%es,  near  the  place  where  they  embrace  the 
niitive  streak — a  region  which  the  suhsequent 
flidition  shows  to  correspond  with  that  of  the 
tterior  cer\iual  vertehne.    Bat  m  the  colimma  extend  backwards,  they 


|.  690,— Tbajisvsbsi  siotiox  tbrouoh  thb  dok&al  Baoioir  of  ur  kmbbto  chick  of 

45  aouas.     (Prom  Balfour.) 
A^  epildast  :  C,  hypoblast  ;   Mc^  mmlunary  canal ;  Fm^  protorertebn  or  moiohlaBtie 
mte  ;  Vkd^  Wolffian  duct ;  So^  parietal  meaobtaat ;  %,  visceral  moioMaat ;  |>p,  pletm>- 
fttoDeal  oaviiy  ;   o^^  left  primitive  aorta ;    tr,  blood-resiels ;   v,  germiiial  wtiU ;  €K^ 
Uwliord  ;  ojQi,  place  of  junction  of  tmuparent  aod  opaque  ax«i^ 
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continne  to  undergo  the  transrerse  cleavage,  80  as  to  gi\re  rise  to  an  in* 
crease  in  the  nmnber  of  the  mcsoblastic  somites ;  aiid  liy  the  time  wim 
the  medullary  cmml  h  closed,  there  are  as  manj  as  ten  or  tvrelTB  of 
them.  This  process  pjoes  on  pTOgressively  frcim  the  cenical  into  Ihe 
dorsal,  lumbar,  sacrat  and  caudal  re^^ioiis,  till  a  number  is  attained, 
which  corrt^ponds  closely  with  that  of  the  permanent  vertebrae,  in  whidw 
howe\'en  the  posterior  or  caudal  segments  are  comparatively  kle  in 
being  fonned. 

The  mesoblastic  segmentation  is  at  first  confined  to  the  inofir  m 
profcovertebral  column,  and  it  is  most  distinct  in  that  part ;  bat  in  the 

Wl§*  691.  Fig.  69  h— Aria  PE^LITC^>A  Awit  ftvMxtmof 

THS    EltBKTO- CHICK    <fW    TBX    «SCOV&  ftil* 

^    (From  KoiUkcr.) 

pTf  primitire  stttak  and  grooT«  ;  Mm,  dsml 
or  mediil]iiT7  ndgea  meeting  m  front;  J^f* 
meduUary  groove  ;  <Sb,  mxial  boims  ;  Pt,  piralil 
Eooe;  Pgf,  two  T«ft«bnil  tomitea  ;  (%  Ml»- 
chord ;  V^,  cephalic  fold ;  vD,  &nt«n«t  »' 
t«iitina]  fold  Bhiuiag  through  ;  r  j/^  intcfMv  cr 
simaiotic  fold  ;  Jp^  &r«a  pellucida. 

f  ifi  r  (leveloriment  of  the  walb  of  tlie 
trunk  we  shall  see  that  a  somevliil 
similar  clenvaf^e,  or  at  leafit  a  diflbtn- 
tiation  corresponding  with  it,  extendi 
also  into  tbe  parietal  portion  of  tbt 
lateral  mesoblastic  plates,  fio  a&  iopn 
rise  in  tbi-m  to  the  costal  and  inter- 
costal divisions  of  the  walls. 

The  jirotovcrtcbral   column  is  it 

first  solid^  being  compoeed  of  finDff 

columnar    celk    outside,    and  loots 

cellular  elements    internally, 

however,  the  somites  become  h 

by  the  liquefaction  of  the  in 

cells  ;  and  it  is  held  that  their  cavil 

may  he  regarded  as  an  extension  of  tlie  general  body  cavity,  or  the 

intenneeoblaatic  space,  which  is  so  apparent  and  constant  in 

platea  of  the  mesoblast  (Balfour). 

The  mesoblastic  somites  by  their  further  changes  give  nae 
main  constituents  of  the  body  wall  or  framework,  that  is,  the 
of  the  permanent  vertebrae,  and  the  muscular  and  dermal  platca. 
obanges  consist  mainly  at  tirst  in  the  separation  of  a  mesial  or 
part,  in  which  the  vertebral  matrices  are  formed,  from  the  outar 
which  are  converted  into  the  muscular  and  dermal  plates  ill  a 
which  will  be  more  fully  described  under  their  respective  heads* 

n.     FORMATION   OT  THX   TBUKX* 

L  Vertehral  Coltmim. — It  is  from  the  inner  part  of  the  prol0f«il«tnl 

column  befort!  iiieiitioTied  that  the  blastema  of  the  permanent 
is  dcrivtxl,  the  rapidly  growing  ceUs  of  which  extending  inwardi 
upwards  from  the  proto vertebral  column,  surround  the   whiik 
chorda  and  the  medullary  canal  with  the  firsts  or,  as  it  has  been 


theiilei^ 
riae  to^H 
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the  membratioua  matrix  of  the  vertebraB  previoua  to  their  cartilaginous 
differentiiition. 

The  part  of  this  substance  which  snrronnda  the  notochord  forms  at 
fint  a  Dniform  or  undivided  tnbwlar  enclosure  of  the  chord  ;  but  sub- 
sequently it  shows  transverse  divisions  corresponding  to  those  of  the 
protovertebml  somites.  The  matrices  of  the  arches,  which  are  con- 
tinuous with  those  out  of  which  the  bodies  are  formed,  extend  dorsally 
round  the  medullary  canal  and  between  it  and  the  superficial  epiblost, 
BO  as  gradually  to  enclose  the  neural  caiiaL  These  rudimental  neural 
arctiea  are  from  the  first  separate  or  in  distinct  strips,  and  thns  intervals 
are  left  between  them  for  the  spinal  gangha  and  nerves  which  grow  out 
from  the  nervous  centre. 


fig.  6P2.— TlAITHTKRfl  MCTroW  OF  AW   ItMIIIlTO   lUBlltT  Of  9  TJATS   IWD  2  HOVU  W  TBS 

mupXiit  DOESAL  Rxoioif,     »{*.     (FroiB  Kalliker.) 

nr*  medutlmrj  lube  ;  ute,  protoTcrtebral  mass  ;  h^  epi  blast ;  hp^  parietal  meiobksl ; 
l|^  Tiioerftl  diTisJon  of  tbe  meaobkjit  ;  pp^  pleuro-poritaneal  carity  between  them  ; 
i^|L  piittHif«  iiegmetiUl  iluct  ;  f/^  Tess«U  ta  tbo  Tbceral  nicsobUit  i  cA|  noioclion]  ; 
#;  inleetioal  groove  of  tbe  h jpoblont 

The  next  step  in  the  formation  of  the  permanent  vertebra?  is  the 
chondrification  or  conversion  into  cartilage  of  the  primitive  or  mem- 
branous matrix.  This  takes  place  nearly  simultaneously  in  the  bodiee 
and  arches,  and  is  found  on  the  fourth  day  in  the  chick^  and  the  eleventh 
or  twelftli  day  in  the  rabbit,  and  probably  in  the  fourth  and  fifth 
weeks  in  the  human  embryo.  In  the  process  of  chondrification  the 
position  of  the  divisions  between  the  arches  remains  the  same  as  in  the 
original  or  protc> vertebral  segmentation  ;  but  it  is  a  remarkable  fact, 
duioovered  by  Remak  (No.  25),  that  in  the  bodies  the  chondrification  is 
accompanied  by  a  change  of  such  a  nature  that  the  separation  of  the 
permanent  btxlies  comes  to  Ijc  effected  by  a  new  series  of  clefts,  so 
sitnated  t>etween  the  former  or  proto vertebral  divisions  as  to  aitise  the 
permanent  intervertebral  intervals  of  the  bodies  now  to  fall  opposite  to 
Uie  neural  arches  and  muscle  plates,  and  the  middle  parts  of  the  bodies 
oonseooently  opposite  to  the  place  of  the  ori^nal  pro  to  vertebral  clefts. 

While  the  chondrification  of  those  parta  of  the  vertebml  matricefl 
which  are  to  form  the  bodies  is  proceeding,  a  differentiation  of  the 
blastema  in  the  interspaces  leads  to  the  development  of  the  fibrous 
sabstance  of  the  intervertebral  difica  or  ligamentous  plates.    And  here 
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it  i<*  ri'^ht  to  mention  the  cban-L'eR  of  form  m  '  ^' 

coincident  with  the  fornuition  of  the  i-arts  bun<. 


Fi-.  G93.— Cervical  ff^ 
O'LCMS  Axn  Ai>J.' 
OF  TIIK   MXTH  » 
VKRTEUKAL  SF 

1.   1,  clionla 
upper  eiul :  2 
tvrvals  of  th' 
iii.licates  t' 


axidHaaw.  A^:x^- 

.*  the  Bubowanlot^J^ 

sinology  of  this  |«xi  U  vi^  f 


animals  greatly  rf 
a  lineal  filament " 


^ 


^. 
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ompleting  the  skeleton  of  the  tmii 
to  describe  here  the  devdopmeuiol'i^- 


jS. 


.18  of  tlie  vertebral  blastema  ia  tk  toi 

inesoblast ;  and  their  matrices  are  at  &a  csir 

,i  the  vertebrae.  They  undergo  early  chondnicasiit 

.rtebnc,  but  become  separate  from  them  before  oeaS* 

At  their  ventral  extremities,  as  was  first  ^u^'v. 

j88  (No.  158),  the  seven  which  are  afterwards  to  be  si<2U 

J^  side  come  to  be  united  together  by  a  longitudinal anv^ 

i-  and  the  subsequent  union  of  these  two  strips  from  te. 

^  ^  gives  rise  to  a  single  median  piece  of  cartilage,  which  Kpfc- 

^"^'tlie  manubrium  and  body  of  the  sternum.      The  xiphoid  cartikc 

^  yiafcer  formation.     (See  Parker,  No.  1 6 1 .)    This  mode  of  oririn  aii 

ii/opment  of  the  sternum  is  interesting  in    connection  wuh  lis 

^rmation  of  fissure  or  median  division  of  that  bone  which  haste 

j^icrved  in  many  different  gradations. 

S.  Muscle  Plates  and  Masdes.— The  muscles  of  the  truii 
Jerive  their  origin  from  the  muuh  plaies^  which  are  devtW 
in  the  ui)per  and  outer  part  of  the  protovertebral  column,  in  which  tbt 
primary  pegnicntation  of  the  mcsublastic  somites  remains  quite  dir 
tinct.  When  the  inner  part  of  the  protovertebral  column  lias  exrinii 
itself  into  the  vertebral  matrices  of  the  bodies  and  arches  (a?  M-« 
described),  the  muscle  plates  are  found  to  consist  of  two  lainiru'e.  as 
inner  and  an  outer,  between  which  there  is  a  space  which  is  saiiiio>: 
in  conimunicati(.»n  at  first  with  the  Inxlv  cavity.  This  space  is  miLi^*rL-i:T 
sulHlividtd  for  each  muscle  plate.  As  tWelopment  protx-cds,  h^  "Wc^  ir.  th': 
oiK*ning  into  tiie  general  body  cavity  bdng  clased,  the  oiirer  and  iirl" 
vers  of  the  ^»lates  lie  more  nearly  applied  together.  The  ]>r  .ci.>^of  o  !:• 
aou  into  y^\'y\\v\\\ci\\\.  mw^x^^ct  \:\5?$\\vi  Vj  ^^K^t5tfi.\itiatiuii  «.•!  tL:  cxl j 
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^'^f"^"^  y^  ^^   ^^  ^^  ^  *^^®  ^'°°®'  '*y®^-    (Sec  fig. 
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one  another ;  and  connective  tissue  is 
them,  whicli  in  the  lower  animals  is 
"epta,  and  in  the  liighcr  of  tempo- 
^he  perimysial  sheaths,  &c. 


'^' 


..rf  BBCTIOir  THKOUOH  THE  MIDDLE  OF  AN  EMBRTO-CHICK  OF  THE 

DAT,  WITH  OPEN  AMNION.     1p.     (From  Kolliker.) 

amnion  oonsirting  of  A,  epiblast,  and  j)A,  pArietal  mesoblaat ;  «!:,  lateral 
,(  and  visceral  mesoblast ;  mp,  muacle-platc  ;  uwh^  remains  of  proto-verte- 
,  «r,  Tfn*  cardinalis ;  wf^  segmental  duct ;  vsky  segmental  tul)e  ;  /),  peritoneal 
^  Tisoeral  mesoblaat  with  vessels ;  dd^  hypoblast  and  intestinal  groove. 

^  the  progress  of  growth  the  muscle-plates  extend  to  near  the  middle 
'"  ■  line ;  they  reach  also  downwards  in  a  ventral  direction,  and  in 

Fig.  698. 


098.   —    Horizontal     section 
(beouoh  the  trunk  of  an  early 

■HiaTO      or      8CTLLIUM,     PASSING 
fBBOUflE  THE  NOTOTHORD.      (From 

Balfour. ) 

-A.  notochord;  fP,  epiblast;  tr, 
^.jSient  of  vertebral  body;  nip, 
^--!!^Ia-T>late ;  wp'»  portion  of  muscle- 
^l^e  2i«m1j  converted  into  longi- 
*^2l2i^  muscles. 

^-yfc  under  the  vertebral  bodies,  and  they  pass  into  the  walls  of  the 
f^y  externally,  and  thence  ultimately  into  the  limbs. 

]Both  layers  of  the  muscle-plate  are  converted  into  muscles,  Imt  while 
it  ta  undoubted  that  all  the  voluntary  muscles  j)roceed  more  or  less 
directly  from  the  mesoblast  and  probably  from  the  muscle-j>lates,  it  is 
still  questioned  by  some  whether  the  h\iiaxial  as  well  as  the  ei)axial 
muscles  proceed  from  this  source  alone. 

In  the  early  stages  of  mnscnlar  developnient  in  tlic  amniota  tho  myotomes  are 
ilivided  by  transvenie  intcrmuscalar  Hvpta,  and  thoa  retain  much  ot  Ul^  ebaxMtot 
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The  history  of  the  farther  developmeait  of  the  Tertebral  oolainxi  belongs  i 
to  that  of  tie  osaiiication  of  ita  several  partem  which  has  been  deeccibed  ba  1 
first  volume.  It  may  be  stated  in  addition  here  liiat  In  the  hninAn  embzTO  \ 
prooeBB  of  ehondrificatioB  of  the  bodies  hegluB  between  the  fourth  and  f 
weeks  (Kolliker),  and  m  abeady  completed  by  the  sixth  or  serentlL,  soon  atel 
which  ossification  oommences.  In  the  arches  tie  chondrification  i*  about  a  i 
later  in  comtoencm^,  but  the  oaaific  deposit,  which  begins  in  the  eighth  week^lil 
alightlj  earlier  in  tbcra  than  in  tJie  bodies. 

The  whole  nmnher  of  cartilagmona  vertebral  matrices  varies  from  SS-'I 
there  being  oocasional  subordinate  variations  in  the  number  developed 
division  of  the  trunk.    The  maximum  number  of  coccygeal  pleoes  is  six 
ing  to  K  Rosenberg  (No.  1G6). 

The  formation  of  oartilnginous  mfttrioes  for  the  vertebinl  aix^es  begini  1 
in  those  of  the  dorsal  region^  and  eziends  from  thenoe  forwards  into  the  i 
vertebrce  and  baaia  of   the  skull,  and  backwards  into   the  lumbobr 
vertebr&3 ;   but  the  dorsal  extension  of  the  cartilaginous  matrix  oeaie*  i#  It 
formed  in  the   hinder  sacral  and  coccygeal  vertebne  where  these 
afterwards  deficient. 

Hathke  first  showed  (No.  14,  iL,  1839)  that  the  body  of  the  Atbis  verteln  1 
merged  in  the  odontoid  process  of  the  second  or  axis  vertebra  ;  and  thut  in  tlw? 
tortoise  the  chorda  runs  through  the  odontO'Occipital  ligament.  This  was  cqB' 
finned  for  mammals  by  Joh.  Mailer,  and  later  by  Robin  and  Haase.  Aooordisf 
to  some  the  anterior  arch  of  the  atlas  might  belong  to  the  snboentral  or  luEinal 
series  of  arches  ;  but  it  would  appear  that  the  homology  of  thiii  poxt  is  not  yd 
fully  determined. 


.■■us    im   99 
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2.  TUhB  and  SterxLnm. — As  completing  the  skekton  of  the  trunk  of 
the  body,  it  will  be  conTeaient  to  describe  here  the  development  of  the 
riba  and  sternum. 

The  ribs  are  extensions  of  the  vertebral  blasliema  in  the 
parietal  plate  of  the  mesoblajet ;  and  their  matrioee  are  at  firet 
tinuous  with  tfiose  of  the  vertebne.    They  undergo  early  choad 
along  witli  Dm  vertebne,  but  become  separate  from  them  before  i 
tion  commences.    At  their  ventral  extremities,  as  was  first  dhovnl 
Ratlike  in  1838  (No.  158),  the  seven  which  are  afterwards  to  be  i 
ribs  of  each  side  come  to  be  united  together  by  a  longitudinal  striii 
cartilage ;  and  the  sabaeguent  union  of  th^e  two  strips  from 
backwards  gives  rise  to  a  single  median  piece  of  cartilage,  which 
sents  the  manubrium  and  body  of  the  Bternum,      The  xiphoid 
is  of  later  formation*     (See  Parker,  No.  IGl.)     This  mode  of  ori|2 
development  of  the   sternum   is  interesting  in    connection   witli 
malformation  of  fissure  or  median  division  of  that  bone  which  faaa  ] 
observed  in  many  difTerent  gradationa 

3.  Muscle  Flates  and  Mnscles.— The  muscles  of  the 
derive  their  origin  from  the  niHsch  plate4^  which  are 
in  the  upper  and  outer  jmrt  of  the  protovertebral  column,  in  vhidi'dn 
primary  segmentation  of  the  mcBoblastic  somites  remains  qmt^  ^ 
tinct.  When  the  inner  part  of  the  protovertebral  colmnn  has  ext^idd 
itself  into  the  vertebral  matrices  of  the  bodies  and  arches  (as  befcn 
described),  the  muscle  plates  are  found  to  consist  of  two  laminii^  sq 
inner  and  an  outer,  between  which  there  is  a  ^P^  which  is  said  to  bi 
in  communication  at  first  with  the  body  ca\ity.  This  space  is  meeemuflj 
suMivided  for  each  muscle  plate.  As  development  proceeds,  howeveft  m 
opening  into  tlie  general  body  cavity  being  closed,  the  onter  and  innif 
layers  of  the  plates  lie  more  nearly  applied  together.  The  prooee  of  < 
vemon  into  permanent  mnscular  tjj^sue  by  difierentiatioa  of 
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has  been  shown  by  Balfour  to  begin  first  in  the  inner  layCT, 
^94  and  61^8,  7np,) 

The  plates  somewhat  overlap  one  another ;  and  connective  tissue  is 
deposited  in  the  intervals  between  them,  which  in  the  lower  animals  is 
the  basis  of  pennanent  intermuscnlar  septa,  and  in  the  higher  of  tempo- 
lary  structures  of  the  sanie  kind,  and  of  the  perimysial  sheaths,  &c. 

Kg.  687. 


i 

■  Fig.  697. — Tit^NSTi&si  asorioit  raac^uan  tQx  hiddlk  of  ajt  vmbrto-ghiok  or  f  ss 

■  THIKD  DAT,  WITH  OPSN  AicHioN.     ^.     (Prom  Kollikflr.) 

I  qf,  i<M,  td  the  amiiion  coniiiRting  of  h^  epiblast,  and  ph^  parietft]  metoblAst ;  tk,  Imteral 
fold  ol  bjpobbat  and  ytsoeral  menoblaiit ;  m/i,  muacle-pimto  ;  uwh,  remains  of  proto^Terte- 
t>ral  ca?Hy  ;  w,  vrna  cardinal  is ;  v^,  segmental  duot ;  wh^  segmental  tul«  ;  p,  peritoneal 
cavity  i  €^,  Twccral  mewblMt  with  Teewla ;  dd,  hjpobJast  and  into»tinai  grooTe. 


I 


In  the  progrees  of  ^owth  the  muscle-plates  extend  to  near  the  middle 
dorsal  hue  ;  they  reach  also  downwards  in  a  ventral  direction,  and  in 


Fig.  698,    —    HonizfuiTAL     bbctioii 

THROITOH  TUK  TRUItK  OF  AK  BARLT 

mKRaTo  or  botllium,  PAssrira 
TBmods  THi  troTocHoni*.  (FYoia 
BaUoor/) 

Mf  notocbord  ;  fp^  epi  blast ;  ir, 
radinest  of  Tertebnd  bodj ;  mp, 
moMSlt'plate ;  mp',  portion  of  moBcle- 
plato  already  converted  mto  longt* 
todinal  miucles. 

part  under  the  vertebral  bodioi,  nnd  they  pass  into  the  walls  of  the 
body  externally,  and  thence  ultimately  into  the  limbs* 

Both  layers  of  the  muscle-plate  are  converted  into  muscles,  but  while 
it  is  undoubted  that  all  the  voluntary  muscles  proceed  more  or  less 
directly  from  the  mesol^last  and  probably  from  the  muecle-plates,  it  is 
still  queationed  by  some  whether  the  hypaxial  as  well  as  the  epaxial 
moBCles  proceed  from  this  source  alone. 

In  the  early  stages  of  muBcular  development  in  the  anmiota  the  myotomef  aro 
diridttd  bj  tnuuvezaa  intermuacular  septa,  and  thtu  retain  muoh  of  the  cluuaalMS 
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of  piotorerfcelrral  eegmentAtion  wlilcli  is  faimlinr  ha  a  marked  feature  of  1 
struotore  in  the  lower  vertebrates, — a  fact  of  great  morphological  aignificaiiioit 

The  formation  of  the  longer  muficlea  in  the  higher  Tertebrstea  takes  plaoi  1 
the  diBappearance  of  the  intern]  gscxiIiit  eepta  and  the  longitudinal  udoii  of  I 
fajBciculi  of  Bnccesaiye  myotomes.     In  the  trunk  the  direction  of  the 
of  those  most  closely  attached  to  the  vertebral  skeleton,  remains  for  the  : 
part  longltudinul,  but  the  more  FapcrficiuJ  muB^les,  and  eipeciaUj  those 
ndcted  with  the  limb-girdles,  ohange  their  direction  as  well  as  their  fofm  toi 
great  esctenk 

Acoording  to  Balfonr,  the  length  of  each  mnBcnlar  fibre  derived  from 
the  oellB  of  a  muBole-plate  is  equal  to  the  breadth  of  the  mjotome  in  wh 
situated* 

The  diviBion  of  the  trunk  mnsoles  into  an  upper  or  dorso-lateral  and  a  1 
ventrO'lateral  group  by  a  horizontal  septmu,  extending  ontwards  from  th 
verse  proees^ea  of  the  vertebras  and  corresponding  with  that  which  belongs  to  th» 
lateral  line  of  the  tower  vertebrates,  ia  only  faintly  indicated  in  tho  aduU  ot  tk^ 


amniota. 
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4.  MQdj  Wall»»^Along  with  the  changes  now  raentionefl  i 
to  the  formation  of  the  principal  parts  constituting  the  fmioffwmki 
the  vertebrate  body,  there  ii  to  be  noticed  a  later  series  of  ^ " 
which  are  more  iramediately  related  to  the  production  of  the  'ante  i 
by  which  the  visceral  cavities  and  viscera  are  encloeed. 

The  parts  hitherto  described,  which  are  noainly  aiial^  lie  pron« 
comparatively  flat  upon  the  surface  of  the  yolk,  and  they  arc  also  dd 
fonned  by  folding  and  differentiation  of  the  two  upper  layers  without  i 
direct  mrticipation  of  the  hypobbist,  which  passes  thin  and  Hat  acTc<^< 
the  embiyonic  area  below  the  medullary  canal  and  notochonl.  But  id 
the  further  progress  of  development,  and  in  part  simultaneously  with 
the  changes  already  described,  the  inflection  of  the  peripheral  parts  of 
the  blaBtodemi  downwards  or  in  a  ventral  direction,  along  with  their 
extension  and  thickening,  gives  rise  to  the  formation  and  ei]  '  ^ 

the  thoracic,  abdominal  and  pelvic  cavitiea  of  the  trunk,  

The  first  of  the  folds  now  referred  to,  named  the  cephalic,  begfM  I 
be  formed  much  earlier  than  the  rest,  indeed  its  ruaiment  m 
perceived  very  soon  atler  the  appearance  of  the  medullary 
groove.  It  involves  all  the  layers  of  the  blastoderm,  and  is 'of 
nature  as  to  pass  downwards  on  each  side,  and  gradually  pr 
backwards,  to  enclose  a  space  within  the  layers  which,  as  it  is  lined  I 
the  hypoblast,  necessarily  comprehends  a  part  of  the  alimentary  i 
This  fold  also  encloses  the  rudiment  of  the  heart  when  that  organ  cob» 
to  be  formed,  extending  backwards  below  the  cephalic  part  of  tht 
embryo  as  far  as  the  fovea  cardiaca,  and  closing  in  tne  cephalic  put  of 
the  alimentary  cavity  anteriorly  by  the  inflection  of  the  three  Mi<>- 
dermic  laveiB  below  the  primitive  brain  or  cranium. 

Somewhat  later  a  Bimilar  inflection  of  all  the  layen  i  _ 

caudal  extremity  of  the  embryo,  but  tins  is  much  shorter  thsfT 
cephalic  fold,  and  includes  therefore  a  comparatively  small  pcftioQ   _ 
the  alimentary  canal,  viz.,  the  caudal  and  pnmitive  cloaeal  part,  whtelL 
like  the  anterior,  is  at  first  completely  closed  by  the  inOectioti  of  th^ 
layers.     (See  fig,  GGO.)  '" 

Between  the  cephalic  and  caudal  folds,  that  is,  along  the 
axial  embryo  in  the  greater  part  of  what  afterwards  becomes  th« 
dominal  cavit?,  the  walls  of  the  body  also  ondereo  a  downwmrd  n^ 
tion,  and  as  these  are  continuous  before  and  behind  with  tho  osplodie 
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iudal  folds,  the  place  of  thcfr  meeting,  from  being  at  first  a  wide 
longatoi  i^'ap  1>etvveen  the  mvity  enclosed  in  the  embryo  and  the 
parts  of  the  blastoderm,  becomes  at  ItiBt,  by  the  ^^diial 
of  the  edges  brinji^ini;  them  more  and  more  together,  the 
nrer  constriction  which,  from  its  later  relations,  is  named  Umbihcal* 
however,  the  infolding  parts  are  everywhere  compos^^ii  of  the 
Lid  and  visceral  plates  separated  by  the  body  cavity,  we  have  to 
gnmh,  m  the  umbilical  constriction,  the  onter  wall  of  the  body 
fed  of  cpiblast  and  parietal  mes^jblaat,  from  the  wall  uf  the  alimentary 

comjioaed  of  vist^eral  mesoblast  and  hjiioblast. 

3rond  tlie  nmbilieal  constriction   the  outer  or  parietal  plate  is  in 

cmity  with  the  amnion,  and  the  deeper  or  visceral  plate,  when  the 

Ane  assnines  a  tiibnlar  form,  is  continuous  with  the  jolk  sac. 

thus  appeurs,  as  was  first  shown  by  Von  Baer,  as  the  result  of  the 

»  changes  of  vertebrate  development,  that  there  are  formed  two 

tubular  e^ivities,  the  one  above  the  other  Ijelow  the  iiotochordal 

the  upfKjr  being  the  cranio- vertebral,  enclosing  the  ^eat  nervous 

e,  and  the  luwer  Ix^ing  the  visceral  cavity,  in  which  the  almieutary 

9  heart,  lungs  and  other  nutritive  orsjana  arc  contained. 

here  is  not  at  first  any  marked  distinction  between  the  head  and  the 

in  the  axial  jmrt  of  the  embryo,  nor  is  there  apparent  any  neck  or 

cal  constriction.     The  changes  whicli  lead  to  this  distinction  are  of 

occurrentxr,  and  will  be  considered  hereafter  in  ajnnection  with  the 

•iption  of  the  tievelopmenfc  of  the  head.     Here  it  will  sufiice  to  state 

the  cephalic  part  uf  the  axial  ImxIv  is  at  first  only  cranial,  and  that 

fece  is  formed  later  by  the  outgrowth  of  Tarious  bars  and  processes 

a  the  B4:nsc-capsnle8,  mouth  and  pharynx,  and  mainly  from  the 

ior  and  ventral  txspects  of  the  cranial  part. 

I  caudal  extremity  of  the  embryo  always  consists  of  a  prolongation 

Tcrtebrdi  cidtimri  containing  the  notochord  and  covered  hy  the 

ei>i blast.     This  extends  beyond  the  place  of  the  primitive  caudal 

Jstna  consequently  the  hinder  part  of  the  alimentary  canal  and  organs 

lected  with  it  fall  shr>rt  of  the  extremity  of  the  tail. 

^  tail  of  the  embryo  is  the  seat  of  an  incurvation  which  is  most 

iuonly  ventral,  but  is  sometimes  combined  with  torsion,  as  is  seen 

retnarkable  ilfgree  in  seq^iits  and  in  \arioii8  degrees  in  other  animals, 

Flezioii  and  Torsion  of  the  Embr^ro. — Siumltaneously  \nth  the 

R^Dce  of   the  early  fonnativc  ehaiiges  before  adverted  to,  there 

place  others  which  affect  the  extern^d  form  and  attitude  of  the 


P9. — LoirarrroiifJLt  sicrioir  thbocob  thr 
KAD  or  AS  imuiYO  or  rouii  wsx&9.  (Ffom 

lienor  cnocrliaUc Tcsicle,  ccrebm]  portion; 
nf,  midbrain ;  A,  corebeUnm  ;  n, 
no  and  a,  optic  reside  ;  o, 
on  ;  f,  ceotre  of  l^isi-cmrtULt 
ff  mtemt  »ntJ  IjUider  pnrt*t  of  tentorium; 
fold  of  epi blast  wliir  h  forms  tlio  bj^io* 
ccrrbrl. 


Fig.  699 


yo,       Thcise    consist    mainly    of 
.  kinds  of  flexure  and    incurva- 
laoeonipanied  by  varioos  deirrees  of  ^owth  in  the  proportions  of 
*■-»**«   iu  \\hich   they  take  place.      The  first  may  bo  named  thtf 
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principal  eepMIk  flexnre,  and  consists  in  c  strong  angular  fiexicm  of  tkl 
cranial  cavity  in  a  ventral  or  downward  direction  in  the  region  of  it 
midbrain  and  sella  tnrcica  of  the  craninm.  The  second  is,  in  biHi, 
luore  extended  curvature  of  the  vertebral  cobimn  in  the  region  of  di 
neck  and  thorax,  but  in  mammals  more  frtciuently  in  the  lower  cemdi 
region  only,  such  us  to  bend  together  tlie  head  and  tnmk  of  the  htif 
The  third  inflexion  k  of  a  different  nature  from  the  first  cwo,  nmq 


Fig.  700. — OuTu»E  or  THE    ■jfBmTO'^mcx 

THE  ElfD  OF  fBB  TffTmD  J>ATj  TO  BWOW  t 
IK  FLECTIONS  OP  THE  BODY  ASI>  TWE  Cfl 
MEXCKMSm  OF  TOE  LUfES,      (After  Hit.) 


Fig.  700. 


1  to  5  the  cerebral  ve^lcteft  ;  A,   Ibc  &«*tt| 
mn,  the  lower  jav,  aod  belmid  tb»t  tli«  btsacw 
liars  and  cleiis ;  au^  the  auditory  rvneli, 
heart ;  «z^,  anterior  extremity  ;    pr«  pa 
treuiity ;  the  hinder  part  of  the  hodj  m 
upon  the  stirfuce  of  the  yolk,  the  hm 
lying  on  its  kft  side  and   between  it 
gradual  torcion    of    the    TeriebnJ    coli 
trunk. 

preeediui^  them  in  it«  commenc 
and  is  mure  marked  in  birds  and  ] 
than  in  mammals  ;  though  it  i 
in  some  of  the  latter  fmimab, 
seen  in  birds,  eonsista  in  a  toreion  oft 
embrj'O  on  its  axis  to  the  extent 
(juarter  of  a  circle,  by  which,  befiu 
from  the  head,  the  embri*o,  from  htiB^ 
at  first  flat  and  prone,  comes  mdoiBj 
to  have  the  leR  side  lowest  and  B:pflis^ 
to  the  blastoderm.     In    rare    iostao^ 

the  direction  of  this  torsian  is  reversed^  aod  the  embryo  lies  on  itf  ri^ 

side. 

This  torsion  is  not  so  constant  in  mammals  as  in  birds,  and  it  i 

nnfreqnently  happens  that  along  with  the  ventral  incurration  d  1 

Ijody,  the  forepart,  no  teheed  off  from  the  rest  of  the  blaatoderait  ^ 

dee}*ly  into  a  hollow  on  the  surface  of  the  yolk. 
There  arc,  liowever,  many  differences  in  the  earlj  attitndi^  «f 

eraliryo  of  mammals  in  connection  with  the  varieties  in  Uie  foflA  1 

size  of  the  yolk  sac  and  other  menihmnes. 


III.    OElG^m  AHD  FOHHATIOM   OF  THE  LiMfiS. 

The  limbs  arise  as  ont^owths  from  the  lateral  part  of  the 
determinate  parts  of  the  thoracic  and  pelvic  regions^  aBd^  tbiNi^ ' 
presenting  any  ori^'inal  protovertebnil  segmentation,  are  in  i 
to  he  regarded  as  lateral  extensions  of  vertebral  somites  in  these  iitiiaddMi 
They  make  their  first  appearance  after  the  completion  of  tbe  (ji—? 
Bteps  in  the  development  of  the  axial  structures  of  the  tmnk*  iImiiI  Ai 
end  of  the  third  day  in  the  chick  (see  fig.  700),  and  in  the  Mti  «M* 
fourth  week  in  the  human  embryo.  They  have  the  form  ot  irrilir''— ^ 
plates  of  parietal  raesoblast  covered  with  epiblast,  budding  out  ■•  il  •■» 
feaai  t\k<^  \as^a.V  xid^c^  tiear  the  hue  of  ^paraiion  o(  Uie 
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ietal  and  yiflccral  laminae,  and  close  to  the  outer  margins  of  the 
(-plates. 

hlimb  consists  of  the  supporting  arch  or  girdle^  thoracic  or  pelvic^ 
18  sunk  in  the  substance  of  the  lateral  ridge,  and  makes  little  or 
learance  cxternallj,  and  of  the  free  or  projecting  part  which  is  at 
aite  simple,  but  soon  becomes  divided  into  the  distal,  middle  and 
lal  segments. 


Fig.  701. 


1. LinRAL    YIKW    OF    HUXAH    EMBRYO 

WMM  THREE  AND  FOUR  WEEKS,  TO  SHOW 
M>MMKHCUrO  EXTREMITIES.       (A.T.) 

tlie  Rmnion  surroanding  the  embryo ; 
ibilical  vesicle ;  oZ,  allantoid  pedicle  ; 
tier  extremity ;  pe,  posterior  extremity ; 
IBan  ridge  passing  between  them. 


lappet  or  bud  which  first  shows 
appears  to  correspond  most  nearly 
he  distal  segment  comprising  the 
or  foot,  the  other  two  segments 

sncoessively  developed  between 
.  the  root  or  girdle  at  an  early 
.    The  new  part  shows  itself  first 

i  notched  separation  of  a  segment  between  the  terminal  one  and 
de  of  the  body,  corresponding  to  the  forearm  or  lower  leg,  and 

followed  by  the  development  in  a  similar  manner  of  the  proximal 
nt,  the  upper  arm  or  thigh. 

He  these  changes  in  the  limbs  occur,  other  advances  in  form  and 
ore  are  discernible,  first,  in  the  appearance  of  four  slight  notches 

fiee  margin  of  the  distal  segment,  indicating  the  commencement 
I  pentadactylar  division  into  the  elements  of  fingers  or  toes,  the 
tion  of  which  is  even  more  marked  by  the  differentiation  of  the 


•4. — OUTUKES   OF   THE   ANTERIOR  Fig.  702. 

IMITIBS  OF  HUMAN    EMBRTOES  AT 

IBBHT  A0B8.     (A.T.,  after  His.) 

',  foor  weeks  ;  B,  at  five  weeks  ; 
eren  weeks;  D,  at  nine  or  ten 


r  substance  of  the  distal 
nt ;  second,  in  the  occur- 
of  an  inflection  between 
mddle  and  proximal  seg- 
f  the  hollow  of  which  in  the 
mb  looks  forward,  and  in 
ind  limb  backwards  with 
loe  to  the  axis  of  the  trunk  ; 
ikd,  in  the  rapid  nrogress 
i  de^)er  textural  aifferen- 
i  which  leads  to  the  de- 

nent  of  the  several  components  of  the  limbs,  such  as  the  skeletal. 
Jar,  dermal,  nervous  and  vascular  parts. 

(  rodinientary  limbs  consist  at  first  entirely  of  a  mass  of  nearly 

8  f  2 
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uniform  hlasteoiie  cells  derivecl  iYom  the  parietal  mesoblaflt,  covered 
Bupcrficially  by  the  ciiticulnr  epiblust,  whicli  uhvavs  presents  at  iH 
extremity  a  [>et'uli{ir  pointed  or  cuiiiail  ctip  of  thiekeDcd  epidermis.  (Set 
%.  708.) 

The  development  of  the  parts  of  the  limb  now  referred  to,  both  io  iti 
larger  fe^jtiired  and  in  its  histological  rbaractere,  is  usually  somewhat 
more  in  aihancc  in  the  anterior  tlian  in  the  posterior  extremities. 

Fig,  703. 
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I'll-  703.— TftAirsTBSsi  wenoir  of  ram  body  of  nre  chick  at  turn  imrwt  i>Ftw 
ijmuuoA  BXTiiXMiTisa.     (Fmm  EemAk.) 


«M,  ADuiioii  in  its  ceph&lic  fold  ;  «•/>,  eptbkst ;  «ii^  |ttri«ta] 
»QfM»bU»t  ;  9pt  spinal  tti&rrow ;  f/n,  spliiAl  gimgltuQ  and  aerre  roola 
d{p«  ilerma!  plal« ;  M,  notocbonl,  with  Yerleliral  matrix  roan4  it ;  4,  aofte  (tltf  !•• 
uniiitij^  into  one) ;  tv,  cardiniil  veins ;  v,  OMseotery  And  Wojl&ui  bodioi  i   mt^m 
«£»f«autiOi  composed  of  meaobLtst,  m,  And  covered  with  eptUMl  Ikickoaod  ifl  liht 
it  iatMUnAl  osBiil  open  belotr  into  the  jotk  aac  ;  Ay,  hjpobl«st. 


Attitude  And  poaitlon  of  tlie  I»imb«.-^From  the  maimer  in 
primarj  lappet  or  limb-plAte  grows  from  the  ^id«  of  the  axial  part  of 
il  b  obTioaa  that  at  fir^t  it  iniLit  present  a  donal  and  a  ventrml 
tpondlng  reepectivelj  with  thoee  of  the  embryo  body,  and  if  we 
quent  ahangce»  which  bring'  oat  the  features  of  the  later  form,  we  eliall 
such  aa  to  show  that  the  ori^al  donal  aspect  is  the  eicteiuar  and  ll 
aapeol  li  iho  flonr  antfiM^e  of  the  limb  ;  and  further  that  when  th# 
^e  aubordinafte  puts  bogtns  to  be  established,  the  thumb  and  great  tos 
in  dettcriptive  aoatoiny  aa  the  first  of  the  serice,  and  oonfiSfiotuUnf  wiib 
and  tibial  borden  of  their  leapective  Umbo,  are  directed  Harwrnnk  yr 
while  the  fifth  toes,  with  the  ulnar  and  fibular  borden  of  tlustr 
nre  directed  backwards  or  poetnodally. 

Aj»  deteloivueiit  proceeds,  the  two  primarx  Is 
latenl  extensions  from  the  trunk,  oome  t^ 
bodif  of  the  embryo,  the  anterior  with  soir 
with  a  forM-ard  direction.     Hut  they  h 
vkich  the  attitude  of  the  distal 
tft  Mft  iwpect.  that  in  the  foz»-l^ 
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middle  segments  b  directed  forwards  or  vetitmllj,  wMIe  in  the  hinder  limb  it  is 
in  the  revenie  direotion,  tbat  Ih  backwards  or  dorKallj.  In  the  human  hodj  thiH 
^exnre  does  not  involve  any  conifiderabie  departure  from  the  orig-inal  relation  of 
the  eattetitor  and  flexor  smfaoes  to  those  of  th^?  trunk,  although  in  tho  iMlult  it 
mny  appear  to  do  so  in  consoquenoe  of  the  limb  han^ng  t<»>iiievv]]at  obliquelj  in 
a  direction  parallel  to  the  main  axk  of  the  tniuk.  But  in  the  hind  Umb  it  i» 
cbvions  that  there  mnut  be  from  on  earlj  period  a  certnin  amount  of  rotation  of 
the  whole  lirab  or  from  the  hi [i- joint  downwanlB,  which  bring«  the  eifceneor 
futtwoe  of  the  thigh,  lower  leg  and  foot  forwanl»,  and  carries  the  flexor  mirlaco 
of  tliese  parta  backwardti. 

F\g.      701  .  "  DlAfiRAllMATtC  ^*^*  ^^^• 

OUTLIVK  or  TKK  PRuFILK 
YIIW  UV  TUt  lit;  HAN  KM- 
HVro  OP  XlVijVT  8EVKII 
WEKM,  TOSflOW  TUB  J'RIMI- 
TITB  KELATru\^  uP  TUB 
UMIIS      Ti)       THE        TBexK. 

(Al]«u  Ttiomson.) 

r,  th<?  radial  ([ircaxiiil), 
knd  "p  the  ulnar  (iiostaxial^ 
border  of  tbe  liainl  and  fore- 
mrm  ;  C,  the  tibuii  (prvaidat), 
and  /,  Iho  fibular  QicMt&xial) 
border  of  the  foot  and  lower 
Itff.  (The  fool  IB  rtrprusenteiil  at  a  somewhat  more  advanced  stage  than  the  rest  of  tbc 
einbTya. ) 

In  quadmpeds,  however,  it  h  different  as  regards  the  fore-limb,  for  in  them, 
while  there  in  the  wune  kind  and  degree  of  rotation  in  the  hind-linib,  equal  to  m 
quarter  of  a  circle*  aw  in  man,  there  i^i  also  a  rotation  of  the  linmenw  outwardp. 
and  frequently  a  forward  di*(|ilacenient  of  the  upper  end  of  the  radioB  with  more 
OT  l«i  complete  pronation  of  its  lower  extreinit>%  which  bringa  the  palmar  ai<pect 
of  the  fore-limb  t-o wards  its  original  ventral  iwsition  ;  this  becoming  mo«Tt  com- 
pleteljr  restored  when  in  the  atate  of  extension  more  or  lem  of  the  forefoot 
cupporttf  the  body  on  the  ground.  In  thia  the  ijotlex,  like  the  hallux,  is  placed 
towards  the  mesial  side.  This  rotation  of  the  fore -limb,  amounting  in  all  to  half 
a  circle,  i«  made  up  of  an  outward  rotation  of  the  humerua  at  the  fdionlder- joint 
and  an  inward  rotation  of  the  f  oce^arm  at  the  elbow-joint 

In  tlie  cleTektpnient  of  the  several  decfjer  coniponctits  of  tlic  limbs  it 
is  t<3  be  ulmTved  in  tlju  first  i)lace  with  rcs|R*ft  to  the  skelctnii,  tbiit  tlic 
funnutiun  of  tlie  bouea  witli  tlicir  acc-cKgoiy  jtarts  takes  plane  hj  a 
jirimiiry  diflerc-ntiatiun  of  the  blasteiym  into  ortilaginons  inatriees  und 
iilirons  or  nicmbnuioiis  parts,  ami  tlie  sulj^queiit  calcilication  of  the 
cartila<re8  aiid  subpcrioHtea!  osf>if!catioi],  in  the  manner  fully  diBcribed 
in  tbc  histologie^al  part  of  this  vohniie  (]),  101),  to  whieh,  as  well  as  to 
Ihe  historj^  of  the  pn>p'es8  of  OBsifieution  in  the  scTeral  bone*!,  |L^iven  in 
the  first  volume,  the  reader  is  referred. 

It  may  be  further  stated  here  that  in  all  the  liones  of  the  linibj*.  with  the 
exception  of  the  tciminol  phalange^),  the  proces^ca  of  cartilaginous  calcification 
tnd  tme  oasiiicatioQ  begin  at  the  middle  and  extend  thence  towards  the  ends  of 
the  bone-roatrices.  but  in  the  terminal  phahingea  theae  prooewee  oomnience  in 
the  duital  ends  and  proecxH]  from  thence  inwards  upon  the  rest  of  the  bone- 
znstrioep, — a  fact  of  considerable  morphelog-icnl  Hignificancc  with  reference  to 
the  determination  of  the  homologies  of  the  terminal  elcnienta  of  tlie  limh»  in 
tbci  lower  vertebrates.    (Dixey,  No,  172.) 

It  may  alao  be  mentioned  here  that  it  has  been  found  by  Henke  aad  Berber 
(No.  IGfi)  that  in  the  human  embryo  of  the  seventh  and  eighth  weeks  theie  la 
a  disiiiict  cartilage,  reprej^enting  the  on  ecntrale  of  animala,  p\suce4  \KX.^««ti  ^tJbia 
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Hsaphaid,  magnum  and  trapednm  eartilageflf  but  this  centra)  c&rtll«|;^ 
diiniiHKhes  and  [m»8irig-  dorsal ]j  disappcara  in  the  Goorae  of  the  third 
without  cither  luiiting  with  wmj  of  the  neighbooring'  bone-matricei  or 
going  oeaifioation. 

If ue ales. —With  rospeot  to  tlie  muscles  of  the  limbs,  it  seeim  atOI 
iloiibtt'iil  whether  they  proceed  directly  from  the  muBcIe-plates,  which  it 
ia  admitted  reach  the  root  of  the  Hmhs  by  their  outer  edge,  or  wbetlier 
tliey  arise  locally.  It  may  be  that  the  muscles  take  their  origin  in  bott 
of  tlieee  modes,  tlie  trunk-muse Ics  which  arc  attached  to  the  finlli 
being  most  probably  formed  in  connection  with  the  muscle-platet. 

The  Joiute,^ — The  diiferentiation  of  t!ie  blastemic  tissues  inta  fll0 
parts  which  are  to  form  the  joints  takes  phwc  at  the  ^ame  time  that  tki 
primary  chojidrifieation  shows  itself  for  the  formation  of  the  hmm 
tnatric^%  and  is  coincident  also  with  the  commencement  of  the  ym* 
cliontlrium  and  tlie  fibrous  and  vascular  osteo^j^euic  elements*  There  Hi 
at  first  no  joint-cavitiest  and  the  fibrous  or  cunnective  tissue^  formiDg  t 
sort  of  artituilar  plate  between  the  boue-matrices,  may  therefore  be  aid 
to  unite  tliem  by  syndesmosis.  But  very  soon,  or  in  the  hanian  embryo 
of  from  seven  to  eight  weeks,  when  chondrilicatrou  is  complete,  iiam^w 
slits  make  their  appearance  in  the  places  of  the  future  join t-cavitie«,  and 
the  fibruus  stmctnres  retiring  from  the  interior  towards  the  Btirf ace^  the 
cavities  nndergo  enlargement  into  their  |>ennanent  form, 
whicfi  approaches  completion  in  the  Inunan  embryo  of  four  mon 

The  ligaments  are  developed  from  the  remains  of  the  fibrous 
in  (Mmnection  with  the  earlier  ixrichondrium  which  becomes  C5on 
afterwards  iiitu  |)ennanent  periosteum. 

B'er^ee   and  Blood-vessels. — The  uer%X'a  of  the  limbs  probsMy 
differ  friun   their  other  constituents  as  regards  their  origin,  io  thi 
respect,  that  they  are  prolonged  into  the  limbs  by  extension  from  the 
nerve-roots  which  emanate  from  the  spinal  marrow.    8imilarly  the  blood* 
vessels  of  the  limbs  arise  to  some  extent  by  prolongation  from 
the  trunk  ;  but  no  doubt  there  are  also  many  blood-vessels  formed 
or  within  the  mesohlastic  tissue  of  the  limbs  ;  and  it  is  not  kno^ 
what  extent  the  growth  of  the  nerv^es  in  the  peripheral  parts  of  tho 
and  limbs  may  be  due  to  a  siniilar  local  development. 


-face^the 
nrobsMr  1 


IV.    HXTURNAIi   COVKRINO    OF    TEB   BOBT   AND 

The  epiblast  which  is  not  employed  in  the  fonnation  of  the  neiTW«1 
centre  or  other  deeper  parts  reuiains  as  the  source  of  the  eimlennis  tad  i 
its  appendages.     This  covers  all  the  extenial  snrfaoe  of  tlie  body  tad 
penetrates  into  such  cavities  as  the  mouth  and  nasal  fosaas,  ^e.*  mhom 
.surfaces  are  in  original  continuity  with  it.     Besides  the  two  Inyen  dia» 
tiuguished  a^  corneous  and  mnc^jns  in  the  epidermis,  it  gives  rim  U  t 
the  hail's  and  nails,  aiid  the  teeth  of  mammals,  to  the  feiithem  of  1 
and  to  ttic  scales  and  homy  plates  of  these  or  other  animnls. 
liowever,  closely  nuited  with  the  subjacent  dennoid  tissttc,  frt^ 
idood* vessels  of  which  the  materials  for  its  formation  and  llwt 
aptMMidi^es  are  derived. 

The  tnie  skin  or  dermis,  of  a  much  more  <        '       '      infe,  la  J 
entirely  from  m^si^blflst,  and  arises  in  close  c  Jj  Ibe  I 

plates       '  'ijB  and  connective  tisanes  spnng  trum  the  i 

The  <  vr^  '  odfc-roae 


I 


also  of  the  mammae,  is  all  of  true  epiblastic  origin ;  but  iheir  blood- 
Teaaels,  connective  tissue,  and  other  Bnperadded  jxirts  arc  derived  from 
mesoblast. 

V,  FORMATION  OF  TSM  HEAU. 

Tlie  distinction  iMwecn  the  bead  and  trunk  by  tliG  formation  of  a 
ccnical  constriction  is  a  change  of  comparatively  late  wcun-ence,  but  even 
long  before  this  constriction  appears,  the  characteristic  features  of  tbc  prts 
in  these  tbree  ree^ons  Imve  become  apparent.  The  head  mny  be  said  to 
consist  at  first  wholly  of  t!ie  cranial  part, — the  face  lK?ing  developed  at  a 
later  period  from  a  series  of  outgrowths  or  bam  which  proceed  down- 
wards  and  forwards  from  the  base  and  front  part  of  the  cranium.  The 
head  in  ita  primitive  crania!  fonn  is,  of  course,  covered  externa lly  like 
the  rest  of  tlie  Ujdy  I*y  the  epidermis  derived  from  the  cpiblast^  and 
between  this  and  the  primary  niedullary  wall  of  the  great  nervous  centre 
a  bycr  of  metioblajst  m  soon  inter[Kjsed,  from  which  originate  the  cover- 

▲  Fig.  705.  B 


Pig.  705. — Vertical  HECTTfjjr  or  run  hbad  in   earit  ehdevoes  or  tbe.  raiidit, 
Mag^nifieH.     (From  MibalkaTlc*- ) 

A.     From  an  ombryo  of  five  miltimetreA  long. 

R.     Prom  an  emLryo  of  mix  mi  Hi  metre!*  long. 

In  A«  the  faucial  opening  U  still  cKtfled  ;  in  B,  It  b  fonni^l ;  r^  anterior  cicrebmi 
vincle  ;  mc^  uiesocencbnira  .;  mo,  medulk  oblongata  ;  fw,  mreduUiiry  layer ;  i/,  itifundi* 
bttliun  ;  ow,  amtiion  ;  jrpf,  sfptieno-etlimoiilal^  £«•,  central  (liorHiira  hcIIjp),  anj  spo^  apheno- 
oedpital  p;*rts  of  the  lioins  cnuiit  ;  h^  heart  \  f,  anterior  t-Ktremity  of  primttiva  all* 
Bietitaf7  canal  and  oldening  (later)  of  the  fauces  ;  f,  cepkalin^  ijortion  of  irrimitire 
iQleBtine  \  cA,  notochord  ;  py,  buccal  and  pituitary  inTotutioii, 

tngB  of  the  brain,  the  muscular  plates,  the  cartilaginoos  and  bony 
defaentl^  the  tme  skiu,  tl»e  connective  tissue,  blood- vesBela,  and  other 
components  of  the  more  advanccfl  cranial  walls.  This  raesoblast  may 
be  regarded  as  a  cv|^l^l]il^  proloiijration  of  the  pn»tovertehral  plates  of  the 
tnmky  bnt  as  we  Mh:ill  ^i  u  hereallcr  without  undergoing  obvious  meta- 
I  meric  segmentation. 
^he  notochord,  as  already  atited,  extends  for  some  distance  into  the 
the  cranium,  and  is  there  unbedded  in  a  mass  of  tissue,  the  »• 
r>f  Rtitlike,  which  afterwards  becomes  the  parachordal  csr- 
the  princiml  matrix  of  the  future  bony  walla  of  the 
ar  forward  as  the  sella  turcica.    ¥rt>m  l\v\&  '^iW^  ^)cifil 
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eartila^nndus  rudiments  are  continued  forwards  m  two  more  orleeii 
bars  narued  the  irabeeuim  cranii  by  Rathke,  and  having  a  space 
thera   iK^steiiurly  which  is  afccrwards  the  seat  of  the  pituitary 
The  trabeculii;  etretcli  forward  until  they  reach  the  re^Hon  of  the  olf 
pits,  and  enclose  that  depression  on  each  side  with  the  naaal  \ 
develojx'd  from  them  in  front. 

The  basis  cranii  in  this  view  may  be  considered  a&  comj 
posterior  chorda  1  part  tho  occififo'spliein/id^  and  an  auterior 
pfirt  the  .sjthmo-ethmoiiL 

Tiie  fat^ial  part  of  the  heml,  on  the  other  hand,  is  mainly  compoid  i 
plates  or  bar-Hke  ^^owihs  from  the  front  and  sides  of  the  base  off 
cranium  which  may  be  distinj^tnshed  m  of  two  sets,  accordiug  ai  tJ 
are  ]>lacc(l  in  front  of  or  behind  the  mouth  or  buccal  cavity.     But 
mouth  as  we  know  iL  at  a  later  period*  either  in  the  form  of  a  cavit 
the  face  or  as  the  anterior  aperture  of  tlie  nlimentarv  canal,  hat  ai 
no  existence,  t fie  anterior  extremity  of  that  canal  Ijcing  dosed  ' 
original  cephalic  fold  of  the  hlastoderm,  and  the  forehead,  uose,  ] 
jaws  and  lips  lieing  as  yet  entirely  absent* 

Fig.  706. 

Fig.   70$.— SlI>K  VIEW  OF  THS  Hlg«>  OF 
CHICK  or  THE  THIRD  MT.       (^PTtnB  1 

C//,     cc-rclir.iI    beiuinpber^  ;      FB^ 
ocpimlon  :  J///»  njidbraiii  i  C'A,  cerebellum  ; 
mcdtilk  oblongatte ;    xV,   li»sal    pit  ;    o«,    « 
Tcsicte  not  ytt  closetl  extemull/  ;  op,  optic  ^ 
«ith  I,  iho  lens,  And  vh/,  tbc  cIion>idal  f 
mesobliust)  ;  ]  F,  tbe  firxt  vis^Tnil  fold  or  j 
RtUjerir^r  niaxiltaiy  foUl  «Hgbtly  indicate  i 
2,  3,  iF,  tbeBe-?otnl,  thinl  aad  fuurtb  i 
witb  tbe  Ti^eml  clefts  between  them. 

The  mouth  therefore  is  fomied  by  a  transrerie  cleft  or  de 
between  facia!  bai-s  or  platesi,  and  owes  it«  production  hr  a  cst^] 
to  the  development  outwards  of  these  ban?,  tiian  to  the  deprcseaa 
wards  of  the  anterinr  cranial  wall  in  which  it  is  situated.     The 
formed  buccal  aperture  or  comninnication  witli  the  phaiTtuc  ig  i 
only  on  the  fifth  day  in  the  chick  by  a  wearinj3:  through  or  all 
of  the  epihla^st  and  hyjioldast  of  the  ori|]^nal  cephalic  fold  nt  thft  j 
or  anterior  part  of  the  primitive'  alimentar}'  cavity.     The  bcii^ 
which  are  in  front  of  the  future  mouth,  and  are  eometimes 
pnoral  arcltes,  cc insist  mniidy  of  the  single  or  median  frunto-tiafial  i 
and  in  lateral  pairs  of  the  external  nasal  and  raaxlllaiy  plaCe»,  the 
constituting  the  basis  of  the  upper  jaw,  and  arising  in  coimectiaii  » 
the  mandibular  next  mentioned. 

The  suk-ranial  plates  or  bars  which  h*e  behind  the  mtmth,  md  i 
therefore,  named  poatorai unhcii,  consist  in  the  amniota  of  1^ v c  \mi% of  i 
plates,  meeting  each  other  vent  rally  IjcIow  the  mouth  and  phiuTns.  1 
first  of  these,  named  mandilmlar,  is  that  in  which  the  lowiir  jftwi 
formed.  The  second  pair  of  bars  is  the  seat  ofdeveluprueut  of  ttel  ^ 
part  of  the  Iiyoid  bone»  and  is  therefore  named  hyoid.  The  throe  fa 
ing  bars  correspond  in  their  relations  with  the  mist  ant^-rior  rf  i 
arches  which  support  the  developed  gills  of  aquatic  vert^'hratcs,  audi 
therefure  t)e  strictly  named  branchial, — a  name  wliich  was  not 
priately  given  to  the  whole  scries  by  their  diecuverer,  RaUikeu 

The'  skuW  \ike  tW  t^%\-  o\  Wi^i  ^t\tlft\i.  v^  at  first  eniirelj  i 
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ebon drifi cation  then  takes  place  in  certain  parts  of  the  Vilastema  ;  and 
osBiti cation  ftillowH  in  the  third  stage,  partly  in  the  curti!ag^mou8  and 
,partly  in  the  iiHinbranons  niatrices. 

J.  Tlie  Orasuum.^ — ^The  hasal  portion  of  the  cranium,  m  already 
stated,  consi^tH  lU'iinarily  of  two  fiindamenral  parts.  Of  tliese  the 
posterior  is  distingnished,  as  before  stated,  by  the  pn'^fnce  of  the  pro- 
lon<ration  of  tlic  iiotochord  within  it  m  fai"  forward  m  the  jmrt  of  the 
fikoll  wlnYh  iillcr wards  l>ecoincs  tlie  doiisnrn  *?elite.  This  portiim^  eom- 
preheudiiig  the  |iarauiioi"dal  phites  which  surround  the  anterior  extremity 


Fig,  707. — TwE  Lowrn  or  cAjiTtLActKoig  j'aet  of 

TUK     oaAKlCM    OV    A    CUICK    uF    TlIK     SIXTH     DaV. 

(Frosn  Huxley.) 

1,  1,  chorda  doT^ilk ;  2,  the  Khadetl  fwrtion  liens 
and  forwanl;*  is  the  CHrtitij^'e  of  t]icj  hme  nf  tbc  i-lvnlt : 
at  2,  the  tK-cipiLsU  i»art ;  at  '^  the  rr«lc>iijtfiUioiiM  uf 
cortibge  intv  the  anterior  ]iart  of  the  iikull  aillu<l 
tmbrtuUt  rnwii  ;  -I,  the  iiituittti'y  sjiacQ  ;  £^,  ]^iai'tH  qI 
tke  kbjrriuth. 


of  the  notochord,  contains  the  matrix  of  the 

future  ba*si-o<*cipitaI  and  I lasi -sphenoid  ear- 

lilages.     \^y  its  later  t  xtension  to  the  sides, 

il  fonns  the  matrix  of  the  i'xoccipitals  and 

ibe  periotic  mans  uf  eartila*i:e  which   sur- 

foanas  the  ]>rimary  auditory  vesii^lcs.    The  main  part  extends  forwai-d 

below  the  poHtcrior  and  middle  primary  encephalic  vesicles,  ending  at 

ibepituitaiy  ftssa. 

Tlie  tpheao'tthmokl  jwrtion  of  the  liasis  cranii  contains  the  matrix  of 
the  preFphcnoid,  and  the  sejital-etlimciid  cartilages.  It  is  mainly  pro- 
duced in  connection  with  the  tralx'tulic  cranii,  which  are  in  direct 
continuity  with  tbe  anterior  mrt  of  the  parachordals. 

The  tral>ccular  part  lies  l»elow  the  anterior   encephalic  vesicle,  and 
Ljbecomea  greatly  mwlificd   in  connei'tion  with  the  exjiansion  of  the 
^Mrebnd  hemispheres  and  the  dcvc[o])ment  of  the  uaiial  fu^sie  and  mouth, 
tojrether  witli  the  other  parts  of  the  face. 

The  tliree  jcincipal  sense  organs,  it  may  liere  be  stated,  the  nose,  eye, 
1  ear,  formed  in  connection  with  their  st-veral  primarv  nenous  |mrt8 
iTedpespectively  ironi  the  cerebral  hemispheiX'S,  thet]ia1an*enoephalon, 
And  the  tiiird  jkrinmry  vesicle,  are  interposed  Ix^tween  the  rudimentary 
part^   of  the   head    as   follows,  viz.  ;   the   nose    het^^een   the   frontal, 
[^'ethmoid  and  maxillary  ;  the  eye  Ijetwecn  the  fnmtal,  sphenoid,  etluuoid 
ad  maxillary  ;   and  the  ear  lietween  the  boisi-iK^ciiiitab  exoccipital  and 
"henoid.     Of  these  tlie  auditory  vej^iclea  come  to  K*  surrounded  by 
thick  cartilaginous  wall  which  is  continuous  with  the  i>anichorflal 
cartilap;  and  st^ms  to  take  the  place  of  that  eartilai^e  as  a  put  of  the 

»  general  cntnial  wall. 
While  the  base  of  tbe  craniiun,  to  the  extent  already  mentioned,  is 
cartilaginous  in  its  origin,  the  latenil  and  npi>er  walls  aix»  chiefly  of 
merabranoiis  f**rmation,as  in  the  sqnama  occipitis,  the  squamo-zygomatic 

I  of  the  tem|>ora!,  the  parietal  and  the  frontal  bones. 
The  membranous  tissue  in  which  these  flat  iK>nes  of  the  cmnial  vault 
are  fonncKi  ig  rerranJed  l>y  Kiilliker  as  of  dtTmal  ori^^in,  and  the  lioneg  as 
lidongiug  to  the  group  of  mvestiug  boues.     Their  fytmviticjti  \&\\i)^oc^ 
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ill  part  supplemented  by  the  extension  ui^on  them  from  below  of  a  ] 
of  ciirtiliio^o  which  is  plawd  intennillj  to  the  inembmnous  tnatm* 

The  tralH/eiilie  stretch  forward  to  tlie  anterior  extremity  of  the  bca^^ 
imd  loiiintahi  the  foremcj^t  plme  in  the  6t?{it  of  the  nasal  cartilagatnl 
cxtemul  ui>erfciu*es  of  the  nose.     Ikhiiid  these  the  coalesced  trahecolid 


Fig.  708, 


ifljt 


Fig.     708.^*VlKW    MOH    BELOW   or    THE   CD 
LAOtKOUS     BASH     OF    fHE   CRJLSICX 

oasnrio    cektiues    m    k    bitiiaji 
ABOUT  FOUB  noiiTits.    (From  Hoxlej^^ 

nitered,) 

Tlie  bone  i»  ilotted  to  disiingabb  ii  f 
ciirtilAgc,  which  i«  stijidetl  with  line 
Iwwilttr  port.  2,  the  cwudyJoitl  or 
imA  H,  4,  tbe  lAbulAr  or  gujicnor 
occipital  KUn-ouDding  the  foiumeu  i 
cetttrc»i  iif  tLe  preMpheiioid  on  the  in 
optic  lomEieti ;  fl>  ceutna  of  tlte  [ 

7,  cetiirev  of  tbe  \Kssmt  «ingi  or  otHt(K*| 

8,  HcptaU  cartitiigo  of  ih«  now  ;  fl  i 
of  the  Ubyrinih. 


li 


fnrrii  a  narrow  eth  mo- vomerine 
tila^e,  the  niiflal  septum,  round  tlicbi 
of  which  the  vomer  is  formed  ai 
bonj  splent  covcrin,£r ;  wliile  \n  the  hinder  lyre-shaped  internal  of  i 
scixiratol  trul)ccula*  is  placed  the  infundilmluni  in  wnnection  with  I 
pifcuitaiT  kniy. 

Froiii  the  side  of  the  prcsi)hcnni(]  cartilaf,^e  the  matrix  of  the  orbil 
fiphciioidii  uY  Iei4ser  mny^,  ctmtatnirj^  the  optic  foramina,  is  devciopo 
and  from  the  sides  of  the  hisi -sphenoid  [injceed?  the  matrix  of  I 
*»Teater  win^^s,  which  are  also  cai-tila*rinous  in  their  orig:in. 

in  the  puriotio  or  ciiitilftginnus  nuliment  of  the  tempjral  Ixinc 
centres  of  formation  are  disttnginshcd  l>y  Huxley,  viz,:  1.  Opmtk&ik^ 
that  ennnuiidiiii^  the  fenestm  mtnnda  and  eix^hk^  ;   2,  prooik^  or  ik 
which  encloses  the  sujK3rior  eeniicircular  cunal  ;  and  ;5,  tpioiit^  or  tl 

^^^'  ^^^*  Fig.  TOD.^Bamlab  fam  of  thk  Ffttiioits»u&  ' 

ot  A  nuMAK  Furrca  of  tkesx  xuirTii%  t 

Auovi^.     (From  Koiliker.) 

rt,  tipiwr  half  of  tbe  sqtiuiui  o^?«^.^t-  -  '    i-*,.-  i^>f  j 
the  }i;iihG  ;  i\  cnrtUngiuous  plmtv 
(in  the  f uniiueii  inagnimi \  the  exoo  ; 
/,  jK.'trouN,  with  ilicmtatiuftitcliUiniui  i  _ 

twlla-,    witii   two  fiuelci   beloogin^  fo    tb«  \mA4 
Wnc  ;  h,  nuclei  in  tbe  Mtterior  dinoid  nnntiaj 
wioj;  nearly  cnlirelj  flmtficd  ;  I*,  mull    «ia^  |  j 
gain  ;  i/i,  cribretbiuoid  ;  n,  caiiil^^iuMUi  warn  i  \ 
cnitilage   l)etwe«n  the  spheooid  and    tbe 
nrscuuit  pUvte  between  tbe  lener  wiofi  and  \ 

which  surrtiunds  the  |x»Rterior  Kemicinndar  canal  and  exi^ndii  i& 
mastoid  [Kjrtion,    They  suhju  miitc  into  one  so  as  to  furm  tbe| 
mastoid  bine. 

Here  it  may  Ix;  stated  that,  in  addition  to  the  parts  of  the  akulll 
mentioiiL'd,  the  ethmoturhinals  and  crihrifonu  plate,  the  styloid  [ 
and  ihti  U\tw  uudiUirv  <M^siele»  are  of  eajtilaginous  on^m  ;  m 
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ijmp&nic  rinpTi  the  nasal,  maxillaj-y  and  other  facial  bonea  arc  all  formed 
in  membmne.    To  these,  however,  we  shall  recur  hereafter. 

In  the  cninium  of  the  human  embryo  chondrificatiou  begins  in  the 
baailar  portion  in  the  fouitli  and  lifth  weeks,  and  is  nearly  completed 
for  the  principtil  prts  hy  the  eighth  week,  soon  after  which  in  the  course 
of  the  tenth  week  cartilaginous  ossification  sets  in.  But  in  some  of  the 
membrane  lx>nes,  as  for  example  in  the  lower  jaw,  oesiiication  begins  at 
a  mucli  earlier  date,  pn)bahly  in  the  Bixth  %veek. 

The  fomi  of  the  liead  in  g;reaLlj  modi  lied  at  an  early  ijericKl  of  deve- 
lopment hy  tlie  cranial  flexmt?  as  well  aa  by  the  changes  which  accom* 
pany  the  development  of  new  parts. 

7'he  Cmnitd  Fkmrfs, — The  earliest  and  the  most  imixulant  of  the 
cranial  flexures  is  that,  previously  mentioned,  wiiich  takes  ploce  at  the 
aiiuirior  extremity  of  the  notochord  and  in  the  region  of  the  mid-brain 
or  middle  encephalic  vesicle.  At  tliia  place  the  medidlory  tulx%  and  tlie 
sabstauce  Ibniiing  the  wail  tif  the  cranium  especially,  undergo  a  sudden 

Fig.  710. — LdirciTDDiirAL  sxctiom  THAutiOH  the  Fig.  710. 

MSAi>  or  MM  EUBBTo  OF  fouK  ircK£$.    (From 
KoUiker.)     7. 

V,  anterior  encephalic  rosiclc,  cerebral  portion ; 
£»  inter- brftin  ;  m^  miilVbrain  ;  h^  cerel^>elJiim  ;  vi, 
m^ftuUm  oblongata  ;  rw  and  «,  optic  TeAiclo ;  o» 
auditory  depreMion  ;  f»  centre  of  Ikw^I*  crania  I 
il«xiir«  ;  f\  lateral  and  hinder  parta  of  tentiirinm  ; 
p,  the  fold  of  cpibUuit  which  forma  tlie  hyjun 
phyaift  cefebru 

bending  downwards  and  forwards^,  so 

00    to    cause    the  prc»jection    of    the 

thickened  enmial  Imse  in  a  marked  manner  upwards.    Tliis  coincides 

with  the  place  where  the  paracbtjrdals  and  the  tniiMxnjlie  meet,  and  whert^ 

infcrinrly  the  pituitary  body,  and  sujjeriorly  the  iiifundibuliiin  come  into 

close  relation. 

Above  and  behind  tbig,  the  mid-brain  ^ives  greatest  pmminencc  to 
the  part  of  the  cranium  oceujned  by  it,  a  feature  which  remaioa  cha- 
racteristic of  the  embryo  head  for  a  considerable  time. 

The  gt^at  cranial  flexnn*  thus  marks  the  diiision  between  the  strictly 
hagi -cranial,  or  occipito-Bplienoidal,  and  the  basi-faeial,  or  spheno- 
ethmoidal part,  the  cbonhi  termiriatint^  Ix^tween  those  two  ixirtions  of 

bhe  cranial  base,  with  a  thinner  pointed  part.      Here  the  end  of  the 

feoi  ■ 

Epb* 


rda  is  Ix^nt  downwards  and  furwarda,  and  terminatcH  in  the  post- 

ibent>id  iKjdy,  at  the  dorsum  »ena3. 

Other  flexures  also  occur  in  connection  with  the  development  of  the 
lYTain,  but  these  do  not  affect  materially  the  external  fonn  of  ihe  head. 
Jn  mim  and  the  lii^ber  nmmmiilrt  the  ^Tcatest  mriditication  <>f  that  fomi 
re«ultH  primarily  from  the  expauHion  of  tbe  cerebral  hemispherefl,  and 
aeoondarrly  from  tbe  fonnation  and  proportional  increase  in  the  size  of 
the  jaws  and  other  parts  of  the  face. 

1,  The  Face. — The  fMrniatioii  of  tbe  facial  part  of  the  head  takes 
pbce  fiU|Kirficialiy  by  tbe  downward  and  ftjnvurd  ^owtb  fn»m  the 
front  and  Im^^.  uf  the  simj^le  cranium  of  the  meiiiiin  froulo-nasal 
and  the  latcml  maiUlanj  ami  imHdilmhr  plates,  and  m<)re  deeply  by 
the  development  of  jnirts  in  cormectioii  with  ific  emnio- facial  axis, 
which   is   formed  by  the  ispheuoH:thmoid  extension  ol   l\\^i  toXift^ixjifflfe 
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craiiii.     These  fm-mative  chaBfres  arc*  of  a  very  romplcx  kind,  and  ^ 
jireheiid  the  jirofhietioti  of  tlie  extt-riiol  mm},  the  \l\^  and-  chcelw,  i 
jiiwB  and  jmlate,  the  deejx?T  ntisal  fossj^  and  their  lalirrmth,  the  U 
aivitj  and   the   orbits,   the   auricle,   auditory   meatus    and    tympii 
Eustachian  jiassiifres,  together  with  the  various  caA'ities  of  the  boiwi  | 
eomnuinieatioii  with  the  involuted  nasal  [mssnges,  such  a*  the  el 
maxillaiy,  Rphenoid  and  fronUiI  siiuises. 

These  parts  all  arise  nuiinly  in  mesoblastic  tissue,  bnt  are 
externally  hy  epihlast,  or  are  lined  internaUy  by  that  layer,  ex< 
the  tymiiaiiolvtistaclnan  ]>aBKage,  which  has  a  hyp<^»blai5tic  liniDg. 
bagi-facial  axis  is  at  fii-st  uecej^vSjirHy  \m'  short.,  as  it  lies  only  Ijelow 
undeveloped  first  wrehral  ve.Hiele,  lait  it  i^jK-edity  assumes  greiiter 
tioirs  as  it  is  elont^atefi  fiir^vard  with  the  enlai'trementof  the  cerel 
epberes  and  the  simnkanedus  development  of  the  nasal  and  bu 

The  na&al  fossa?  take  their  origin   in  the  fnrm  of  two  simple  A 
siouF,  the  primary  offaelori/  or  /msal  jntii^  which  apjiear  c»a  the  y 


Fig.  711. 
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Fig.    71 L — CiU5njM    A3fP    wxcm 
(From  Ecker.) 


A,  front  an  embryo  of  about  three  i 
1,    anterior  cerebral    v«aiciei    aad 
beuii«plieros  ;  2,   iiiter-bimi& ;  S,  i 
fronto'iiiuaJ  pn>o«aa ;  4,  iaperior 
plate ;  5>  the  eye ;  6,  infotior  nuudUaiy  m 
TaaiiilibiiUr  plate  (first  postoral) ;  7^ 
pbitc  ;  S,  thini  ;  9»  fourth,  and  \ 
of  tbese  four  pUtcs  tbeir  r«9pecttip 
geal  defta,      B,   from  an   «aifa 
weeks  :  1,  2,  5>  and  5,  tbe  aata 
4,  the  external  niu»]  or  biierai 
eeaa ;    6,    the  superior  mazUkiy  j 
the  maiiilibular  ;   x  ^  the  tongat ; 
pharyngeal  deft,  Tjrhidi  becomes  the  auditory  paiaa^. 

surface  of  the  wall  of  the  anterior  cerebral  vehicle  at  a  very  earlj 
when  no  other  ptirts  of  the  face  iia\e  yet  l»eeii  formed,     int  th^ 
cular  jiiiit  of  the  eninial  wall,  now  extendi n^r  forwarda  and 
itself  at  its  anterior  extrenn'ty,  curves  round  both  the  tmmX  jAtM  1 
inside  and  ulwve,  so  as  to  cover  them  in  some  sort  with  a  dome  (1 
in  connection  with  which  are  afterwards  formed  the  forepai't  of  ihci 
and  the  lak-ral  nasid  c^irtilat^es.     The  iiasid  pits  have  at  fiivt  uo  i 
turn  with  the  mouth,  which  forms  a  tninsvei'se  depre^^ion  in  the! 
in  id  liindtT  |Kiit  of  the  future  faec  ;  but  later,  or  by  the  fifth  vtdc 
the  human  eml>rj'o,  these  eanties  are  bnmght  iiito  eommunic 
tlje  fonnation  of  the  nasal  i^ooves  which  mn  Iwckwards  one  fr 
olfactory  ])it  into  the  mouth,  and  at  the  8amc  time  the  musai  fci 
to  exteml  themselves  upwards  as  mirrow  passat^es  on  eftdi 
cnlarjjin;^  eeptmn,  the  lower  part  of  the  fossm  being  still  left 
oommunication  with  tlie  l»uecal  cavity, 

Fronto-nasal   riaii\ — The    ejttcnial    nt^n^e    owes    it^  to 

development  of  the  fronto-nasal  plate,   previously  hk 
forms  a  broad  median  lupjx^t  in  the  fifth  and  sixth  weelta  ^ 
^emljryo,  desoending  from  the  front  of  the  ci-an  ium  between  the  11 
ix^ular  vesicles  as  far  aft  the  trans  verse  buccal  cleft.     It  ii  ffoe 
and  infmotlj,  \)ut  bsilmdit  i«  in  union  with  the-pfirtfi  det 
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I  the  tnibcf'ular  axis.  Its  lower  Ivorder  eiiclosea  the  nasal  pits  whirh  come 
io  form  deep  nut^hes  in  it,  an<l  it  h  tlms  divided  into  a  inediun  and  two 

'  lateral  naml  pnxessi^fl.  The  eeiitral  division  fonns  the  promiiieiit  part 
of  the  futnre  nose  with  its  wltfrneiia  lx;low,  and  its  further  proloogation 
downwards  gives  rise  t-o  the  ht?mla  or  central  part  of  the  upper  h'p  ; 
while  the  parts  outside  the  nasid  notehc*?,  the  ej-fenuil  7}(isal  ji^roc^sae.^ 
reijediiiif  somewhat,  reach  the  orbitul  fissure,  and  are  the  source^  later,  of 
the  ulije  of  ihe  m3se. 

The  further  development  of  the  nose  consists  mainly  in  the  formation 
of  the  deeper  part^,  sueh  as  the  septum,  cribriform  plates,  ami  tlie 
labyrinth  or  turhiriul  [^^Kirtions,  which  will  be  noticed  in  eunnection  with 
the  o!fact<>iT  organ.  Here  we  have  only  to  do  with  its  Relation  to  the 
face  and  mouth , 

Th4^  Moufh, — The  buccid  cavity  arises  aa  a  wide  cleft  or  depression 
in  the  t<iwer  part  of  the  faee»  liaving  flbive  it  the  fronto-nasal  process 
in  the  tuiddie,  and  ttie  5Ui>ertor  maxillary  processes  on  each  side,  and 
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714. — OuTf-nrsa  sHowixa  the  iari»t  cttAJfoxs  im  the  rojiM  or  tkx  uiao  of  th« 

A,  prolllo  Ticw  of  tho  heftd  and  for©  jiart  of  th<j  bn<ly  of  an  embryo  of  alfout  four  weeks 
miare,  '{^)  :  a,  tlio  Miilitory  vesicle;  1,  mAiiiinjiilar  arch,  niul  bebind  thia  are  iecn 
lIlfiM  following  an-lipai  with  the  lorreaponamg  ^jharyngefil  clefts.  B^  enihryg  of 
sbnut  nx  weeks  (from  litjkcr,  ^) ;  1,  the  lower  jav  t  1\  the  first  pliarynge&t  deft,  now 
wiJening  at  the  (iunNit  md,  where  it  foniw  the  mentun  exteronj* ;  the  acoonil  cleft  it 
«mi  TMibttf,  hut  the  thini  ami  fourth  rlefti  are  doaed  and  the  correapotiiUog  pktes  hare 
imatIj  (liiia|ii>eAt^d.  V,  from  ii  human  fatusof  nine  weeks  (from  nature,  \) ;  the  fcatnrvs 
aC  tfae  f«ce  are  now  roo|k;hIy  formed  ;  the  meatus  iit  lonuini^  iti  the  dorsal  end  of  the  fint 
phaijDgeal  cleft,  and  tho  auricle  k  Itvgianing  to  tinq  from  its  outer  border, 

bobw  it  the  first  iMiir  of  visceral  archer  or  mandibular  plates,  which 
meet  each  othtr  \\i  the  middle,  and  am  ooutiuouu;^  roynd  the  tniter 
angled  of  tlu.'  mnnth  with  tiie  maxillary  prooeas^ ;  the  dLv|ienin^  of  the 
buocai  cavity  itself  \mny^  mainly  dne  to  the  outward  development  of 
Ibeie  several  pnx:e8^*s. 

The  primitive  mouth  {.sftmmdwum)  is  therefore  I'iticd  entirely  liy  epi-^ 
blast,  and  i»  8epaTEtted  frum  the  fore-end  of  the  pharynx  Ijj  this  layer, 
S8  well  as  hy  the  irifleetioii  of  the  visceral  meso blast  and  the  hypoblast 
which  clf»se  that  cavity  anteriorly.  The  establisliment  of  a  conmmnic^i- 
tion  l)etwe<.'ri  the  mcmth  and  [diMrynx  by  the  wearintr  through  of  the 
Hsvcnil  bliistudermic  layers  named,  in  the  form  ut  first  of  &  ^fttli^al  A\^ 
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takes  place  on  the  fifth  day  in  the  chick,  and  probablj  at  the  ogisiff 
ninth  week  in  the  homan  embryo.  To  this  change,  which  gives  nei 
the  aperture  of  the  f ances,  reference  will  again  be  made  in  the  bistiijtf 
the  development  of  the  alimentary  catial.  From  what  has  been  sud|» 
viously,  it  is  apparent  that  the  upper  lip  is  formed  in  part  bj  the  fri» 
nasal  and  maxillary  plates  which  are  at  first  separated  l^  the  orW 
fissur^  and  that  the  lower  lip  is  a  part  of  the  mandibular  pkteB.  Ik 
integrity  of  the  upper  lip  is  established  by  the  inward  adranoeofii 
superficial  part  of  the  lateral  maxillary  processes,  which,  coakscio^  itt 
both  the  internal  and  external  nasal  processes,  close  in  the  nasal  notib 
inferiorly  as  the  nostrils,  and  obliterate  in  great  part  the  orbiudfii 

Fig.   713. — Head    or    huxin   bscbrto    of   sight  widi^b 

FR03C   BELOW,    THE    LOITER    JAW  BATISO    BUI   BllOm  ( 

(From  KoUiker.) 

n,  the  external  nasal  apertures ;  t,  premaxillai;  praai,  li 
outside  this  the  internal  nasal  aperture  ;  m,  paktal  prooaiaiq» 
ing  from  the  side  to  form  the  jiartition  between  moatli  and  m; 
2J,  common  cavity  of  the  nose,  mouth  and  phaiynz. 

leavinj^  only  more  deeply  within  them  the  Wajii 
canals  or  nasal  ducts.  While  the  upper  lip  ii  Ai 
completed  superficially,  a  deeper  development  and  union  of  the  madhf 
and  intermaxillary  matrices  occurs,  which  leads  to  the  completion  cfdi 
alveolar  arch. 

The  separation  of  the  cavity  of  the  mouth  strictly  so  called  frotik 
nasal  fossae,  is  effected  by  the  development  of  the  palatal  (X  ptenf 
palatal  processes  of  the  maxillary  plate,  wliich  advancing  inwaraWi 
the  two  sides  meet  and  coalesce  with  each  other  and  ^ith  the  tefM 
descending  from  above  in  the  middle  line.  But  this  mediam  onioDte 
not  in  the  same  form  extend  to  the  anterior  part  which  is  occopid  If 
the  intermaxillary  process;  for  here  the  maxillo-intermaxillaiy  dcfc i* 
double,  and,  when  the  union  of  the  opposite  parts  takes  place,  then*' 
palatine  canal  is  left  as  the  vestige  of  the  previous  fissures. 


Fig.  714. 


Fig.  7U.-0uTU«'* 

TBAXSTBUI  TBff* 
SBCTIOXTHIOWI^ 

X08B  AID  rprtii* 
Of  A  SHEir'i  n** 

WITH  opn  '^ 
(FiomKoUiker;*?* 
magnified. 

The  lower  j»«  ^ 
tongue  are  itwn^  '•  ** 
mouth  ;  (L  denttl  ?«•• 
Py  the  palate  pl»w  f 
proaching  each  <^  ' 
the  middle ;  /.  tb?  »• 
foBSie ;  f ,  nasal  wrtito  • 
^,  septal  cartilage ;  j,  the  two  organs  of  Jacohson  with  their  cartilages  iatemaily- 

The  median  union  of  the  palate  begins  in  front  about  theei^ 
week  in  the  human  embryo,  and  reaches  the  l»ck  part,  when  compfew* 
in  the  ninth  and  tenth  weeks.  There  are  thus  formewi  the  hard  and«6 
pftlatee  as  the  floor  of  the  lower  or  respiratory  part  of  the  nasil  f(A 
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leading  posteriorly  into  the  pharjTix,  and  the  roof  of  the  proper  buccal 
cavity.  The  riiii! forma tio of.  of  double  hare-lip  and  nmxillo-intermiixil- 
lan'  clefts^  which  iisiiallj  accom|xiny  it  on  one  or  hoth  sides,  together 
with  tliiit  of  the  eiiigle  or  mediiin  cleft  pulate  in  its  variona  degrees, 
receive  an  interesting  explanation  from  the  study  of  the  developmental 
phenomena  now  referred  to. 

It  IB  in  connection  with  the  lower  part  of  the  septiim  and  mfceiinaxinary  plate 
that  there  are  found  at  an  e^rlj  pedod  in  tho  human  embrvo  as  well  Oi^  in  that 
of  other  mjunmalji  the  radiments  of  the  OrRan  of  Jacobson  and  the  inferior 
internal  nasal  cartilages  which  Rurrotind  them  ext<*i-nally  (m*e  fig,  714), 

It  ^^13'  further  be  mentioned  at  this  place  tliat  from  the  roof  of  the  mouth  at 
A  Terj  early  period,  as  by  the  third  or  fourth  wt?ek  in  the  human  embr3,''o.  there 
is  formed  the  diverticulum  lined  hj  epiblast,  which  in  its  combination  with  the 
infuziflibulnm  and  farther  development,  gives  ri^  to  the  pituitarj  body  (see 
later,  p.  831). 

In  the  Buperficiol  part  of  the  maidllary  plates  are  formed  the  superior  maxillary 
And  malar  as  membrane  or  investing  bones,  and  on  the  inside  of  the  orbit  in 
oonnectioii  with  the  nasal  duct  the  laehr3'mal  bone;;. 

There  is  a  marked  diiftience  between  the  bonea  which  arise  in  eonncetlon  mth 
the  trabecnlGt],  such  tm  the  prC'Sphenoid.  orbito-H|ihenoid,  septfd  ethmoid,  cribri- 
form and  ethmo-turbinal.  which  have  all  cartLiaginoui*  matrices,  and  tho^  which 
are  of  membranou!$  origin  and  have  an  inves^ting^  character,  much  an  the  na^al, 
lachrymal,  vomer,  intei-nal  pterygoid,  palatal,  superior  majtillary.  malar  and 
mandibtilar  bones  of  the  face.  It  is,  however,  an  interesting  fact(K611iker)  that 
the  Tarious  smuj^es  which  come  to  oceupy  plaeea  within  Bome  of  the  craniiLl  and 
fadal  bones,  such  as  the  ethmoid,  maxillary,  nphenoid  and  frontal,  an  arise  by 
ezten^on  of  the  epibliu^tic  lining  of  the  naaal  passage*^,  and  are  i)rc^eded  by  the 
formation  of  cartilaginous  caivsules,  within  each  of  which  the  epiblaistic  cxten- 
■ioD  is  situftted,  and  that  tlie!*e  epiblastic  and  cartilaginous  capsules  make  their 
way  gradtittlly  into  the  interior  of  the  respective  bone«  afterwanls  occupied 
by  the  finiwes,  the  bones  being  groduaUy  hollowed  out  by  absoq>tion  to  receive 
them.  In  thie  process  the  ethmoid  Binuses  are  the  earliest  to  be  formed,  begin- 
ning at  the  sixth  month  in  the  human  embryo  ;  tlie  maxillary  follow  very  soon,  or 
Bearly  at  the  same  stage,  but  continue  to  grow  for  along  time.  The  ^iinusefl  do  not 
penetrate  the  sphenoid  till  a^»oiit  the  seventh  year,  having  peculiar  relations  with 
Uie  bones  of  Bertin  (see  voL  I,,  p.  72),  and  tlie  frontal  einuses  are  the  latest  in 
appearing,  not  having  made  much  prognssa  tiU  the  age  of  puberty,  whea  they 
expand  rapidly,  and  when  also  all  the  others  undergo  a  greater  extension. 


2,  Postaral  Tisceral  ^ches — Bronchdal  Arciie«*--Tlie  f*  irniatioii 
of  the  lateral  iind  lower  jmrta  of  thti  face,  inehidinf,^  the  month  and 
lower  jaws,  the  hyoid  ai)])ijratuB,  the  anricles  and  iym  pa  no- Eustachian 
panaf^ee,  m  intimately  cidinect^d  with  tiic  devetopment  **f  the  snh- 
cTanial  pairs  of  jjrcKesscs  which  are  iiios*t  appropriately  named  the 
Visceral  Arches,  as  enclosing  the  month  and  the  anterior  or  phiir}^ngeal 
porti<>n  of  the  primsiry  aliflieritary  cavity.  Tlic  visceral  arcliea  now 
refeiTed  to  wei^e  timt  descnlried  hy  Iltithke  in  1H25,  (No,  173,1  and  from 
their  ^'cneral  homology  with  the  alx■hc^s  of  the  gills  in  ai|natic  animals  were 
naDieil  liy  him  the  hram-tiial  arches.  Tltei r  de\ elopment  was  Bul>sequently 
fully  investigated  hy  Reictiert  (18;i7,  No.  174)* 
the  amniota  the  poRtoral  \  iwcenil  arches  are  four,  or,  accord hig  to 
wcmxe,  hve  l\\  fmmlx*r.  The  first  or  anterior  of  these  plates,  which  forms 
the  posterior  margin  of  the  month,  and  h  named  mandtbuJar^  is  tlic  scat 
c»f  fonnation  of  tlie  lower  jaw  ;  the  w^eoiid,  nsimed  hyoid^  gives  origin  in 
I  to  the  hyra'd  appiinitiis  ;  the  third  arch,  in  which  the  remainder  of  the 
"Hone  ififonued,  and  which  may  lie  named  ihyrQ-hyoiil^  conx.'sj.*ond%  to 
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the  first  of  those  which  in  aquntic  aniraala  underj^oes  fiill  branc! 
velopmeiit»  hut  which  in  the  amniota,  like  the  two  following  it^  m 
bears  gilK 

The  fourth  aiiil  fifih  arches  have  no  special  names,  but  might 
temied  post-hy<*id  or  cenical,  as  lieiiii^  si  tun  ted  In  the  place  when 
elon*^ation  of  the  neck  occurs  at  a  later  |)enod,  — a  pr«:tcess  whii ' 
rise  to  B(nnG  of  tlie  peculmr  feaLure.s  familiar  to  anatomists  as  ci 
iBin*^  the  ]>;vrts  ocLMipyiuir  the  cervical  rej^iou. 

ViHceml  Chfh.—lidmul  each  of  these  visceral  arches  there 
placed  on  each  side  a  cleft  which  runs  tlirou^h  tlic  wall  of  the  W 
from  the  extenml  surface  into  the  cavity  of  the  pharynx,  thus  brmofil 
epi blast  and  hypoblast  iiiUy  continuity.  The  first  of  these  clefu,  wbf 
from  its  jK*sit!uu  may  Ix;  named  htjQ-mamiibukir^  is  afterwards  the  § 
of  the  format iuu  nl  tlie  EusUichian  piissjige  and  ca\ity  of  the  tymptzifl 


Fig.  715. 


Pig.  715.— Sjpr    %ikw   of   the 
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CII,  cerobral  hefnLsjilierea  ;  FB,  reside  id 
tbint  veuti  icle  ;  MB,  luirl- brain  ;  Ch^  eerehtlh 
MB,  medulla  oltlfuigaU ;  X  nasftl  pit ; 
auditory  voakle  not  yet  closeti  extemallx ; 
optic  vehicle,  with  l^  the  letu,  and  cX/^ 
orbited  fijtsiiro  (in  mcsoWast)  ;  IF,  Ite  I 
viticeml  foUl  or  plate,  the  siip<!nar 
slighUj  inrltcatecl  above  it ;  2.  3.  iF^ 
tMrJ,  and  fourth  visoend  plfttea  with 
clcftHi  between  thenu 

internally,  while  the  meatus  auditorius  is  developed  externally  roctnd 
dorsal  part  of  the  cleft  by  the  out^rrowth  of  the  nei|(hbouring  paxti  j 
the  two  arches  ;  the  meinhrana  tympmi  i^rowiug   up  l)et.weeii 
The  externa!  auricle  is   dexx^lojied  from  the  integument  behind 
meatus.     The  three  reniaiiiin*i:  clefts,  which  repR'sent  branch" 
tures  of  aquatic  animals,  arc  all  closed  in  the  amniota  at  an  earl^ 
corresponding  to  the  sixth  or  seventh  week  in  the  human  embryo. 

In  eome  of  the  lower  vertebrates,  as  in  the  ela^mobnmohs  and 
the  hinder  branchial  arches  ore  more  numerous  than  in  other  i 
Boiue  the  hyoid  arch  possesses  a  developed  gill.  In  aquatic  animals  gpiiiie 
gill  arches  have  cartilAginooii  bars(,  bat  in  man  and  mammals  it  is  oal^  tn  ^ 
three  irert  vii^cenil  arches,  that  L»,  the  mandibular,  h^oid  and  thjTO-hjQsd,  1 
cartiJaginoua  bars  arn  formed. 

Through  each  of  the  Tisoeral  arches  there  runs  a  considerable 
which  ija  one  of  the  five  [miia  of  vascular  arches  forme*!  by  the  %\vt 
aortic  bulb»  and  which  in  the  embryoes  of  amniota  reunite  dor«»llj% 
division  into  brauchial  ves^eb,  lo  form  the  aorta  (see  Vascular  Spsirm.  pt  \ 

It  is  an  interesting  fact  stated  by  Balfour  that  in  the  early  stages  of  « ' 
ment  of  the  branchial  platen  in  eloj^^niobranchft  there  is  in  tbis  out* 
each  of  thorn  a  cavity  extending-  from  the  ventral  to  the  donal  gii4s. 
regards  as  having  been  derived  by  ejctenflion  from  the  general  bodj^caritr  te  1 
aame  manner  as  occurs  in  the  vertebral  somites  of  the  trunk  of  the  bo((y  ;  i 
f urtlier  tlmt  mu.4cle-plate^  are  formed  round  thesa  head  cavitiaap  which  ] 
f  unuah  the  rudiments  of  a  certain  number  of  the  head  \ 


Farihtr  Iksihmiion  of  Ihe  Vkreral  Arc/i€s. — Some  of  the 
facts  respeetiji^  the  development  of  the  visoend  ttrchfa  will 
oonvenieutly  described  along  with  those  relating  to  tbo  fo 
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and  other  organs  with  which  they  are  associated.     Here  it  will 
mfficicnt  to  state  shortly  the   principal  destination  of   each   of 

cartDage  of  the  first  or  mandibular  risceral  arch  hai  long  been 

as  the  cartilage  of  Mechd^  winch  occupies  the  deeper  part  of  the 

from  a  rery  early  period,  and,  attaining  considerable  size,  remaina 

le  in  the  human  foetus  up  to  the  sixth  or  sevcntli  racmth.    Its 

lal  portion  is  now  known  to  be  converted  into  the  maUnis  of 

la,  and  into  the  homologous  quadrate  bone  of  reptiles  and  birdE. 

mammals  the  lower  jaw,  corresponding  mainly  with  the  deotary 

of  other  animals,  is  developed  at  a  very  early  period  first  from 


Tld»— PlAH  of  the  SfiOLL,  &c., 
OF  TSS  SMBRYO  PIO,  SlEN   FROM 

■SLOW.  MAgnified  ten  diMneteri, 
(Ftom  Parker.) 

I  OBrtilaee  cf  the  trabecuIiB  ;  etr^ 
m  tnbecalanim  ;  pn,  prooanl 
^H^>  PPfft  ptoiygo-palatine  car- 
1}  «M»,  Ui«  m&tidibidar  arch 
||tdkel*8  caitikge;  au,  tlie 
loiy  v€ttcle ;  hy,  thQ  cenito- 
I  tidi ;  ihk^  the  tbyro-byoid ; 
llie  pitaitBjy  fona ;  cA,  the 
'lOfd  in  the  cranial  baai%  «iir>- 
bj  the  panichordjUf  (ii?)  j 
iaciftl  nerve  ;  ix,  gbsso-pharTii- 
;  Z,  pneumogastric ;  xn,  hjpo- 


Tig 


rit>. 


L  cfr-e 


pn 


\m 


jtlr 
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nJbraneoutside  iileckd's  car- 
;  bot  it  is  also  partially 
Siporatcd  with  those  car- 

Pat  their  lower  or  distal 
lire  they  meet  each  other 
Bymphysis.  A  part  of 
iAd*8  Cartilaj^c  between  the 
'  and  the  malleus  is  con* 
bed  int«  tlie  so-called  in-* 
lal  lateral  ligament  of  the 

!he  second  or  hyoid  visceral  arch  ia  originally  closely  nnited  with 
\  first  arch  at  its  craniai  extremity  below  the  auditory  capsule.  It 
itains  in  its  proximal  part  the  cartOaginons  matrix  of  the  incus, 
ich  becomes  articulated  ^ith  the  head  of  the  malleus  fonned  in  the 
icent  proximal  jxirt  of  the  mandibular  arch.  The  remainder  of  this 
tQafiinous  bar  forms  the  tympano-hyal  and  styloid  processes,  the  stylo- 
rid  ugamoDt,  and  the  lesser  winjsrs  of  the  byoid  bone  (oerato-hyal). 
rbe  third  vif?i'eral  arch  or  thpo-hyojd  gives  rise,  by  its  cartilaginous 
fcrix,  to  the  great  win^rs  and  body  of  the  hyoid  bone.  It  supports  the 
iment  of  the  thyroid  cartilage,  and  is  closely  connected  with  the 
reloprnent  of  the  larynx. 

rbe  fourth  and  fifth  arches,  aa  already  remarked,  may  be  considered 
|>elon^in^  to  the  neck  rather  than  to  the  head.  The  con^enitri 
iirefli  of  the  neck  which  have  been  obseiTcd  as  a  malformation,  and 
jcb  usually  open  externally  far  down  in  that  region,  may  be  doe  to 
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the  persistent  of  one  or  more  of  the  bmnchiid  clefts,  mnch  drai 
bj  the  cervical  elongation* 

The  tongue  is  foniied,  according  to  Kolliker,  in  connection  with  ( 
thres  first  visceral  arches,  but  mainly  with  the  mandibular.    Its  co¥ 
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Fig*  717. — Slt>«TIKWOF  THB  lUJU^rBVLll  J 

iiYoiD  ARcnsa  ttr  an  sxjiiito  via  or  I)  i 
im  LEif<:TH.     (Prom  Bftlfoiur,  Alter  T 

t%  tongue  ;  mi,  Meckel^'s  eftrtOage  ;  ' 
of  malletts  ;  mb,  its  mjitiiihriuni  or  hmodSt^ ;  I 
t^grncn   tyiii|mni  ;    i,  incuB  ;  st^    >t»{)«  ; 
iiit<?r-hyiv]  Li  game  at  ■   st.hy  Ktylo-hjsd 
hJt.  liypoJiyal  ;  bh,  Itiifitbnuidiutl  ;    tJLk,  i 
meut  of  finst  bninchuil  iirch  ;    7a,   fftcUl 
Bee  *lao  fig.  745,  p.  839» 


is  derived  from  the  epihlast  of  the  mouth,   its  muscular  ea^ 
prokibly  proceeds  from  the  muscle-plates  of  the  \  isceml  ai'chea,  j 
rests  bj  its  base  on  the  mesial  process  of  tlie  thii\l  arch,  the  hisakf 
element* 

Belatlon   of  Pevelopineiital  Facta  to  the  ICorpbologT  of  tbe 
It  maj  b©  freely  admitted   thnt  there  is  no  primary  s^mentAtioii  of 
formative  elements  of  the  head  gimiliir  to  the  division  of  the  vertelMrml  or  i 
blastic  8omiies  of  the  tnmk ;   and  yet  there  are  not  wmntmg*  proofs  tiuft  I 
development  of  the  head  takes  place  in  its  eurUcr  phaaes  on  murmtiftlly  tli*i 
plan^  and  from  the  ^ame  blai^todermlc  elements  tus  the  axial  p^rt  of 
while  there  are  also  sufficient  groumla  for  reoogtusing  in  the  later  i 
formation  of  the  cartilaginous  matrices,  and  in  the  ossLti cation  of  th«1 
indicationa  of  eome  degree  of  segmentation  of  the  cranial  and  facial  ( 

These  indieationa  are  to  he  found  mainly  in  1 ,  the  prolongation  of  ^tkt 
chord  and  ite  parachordal  investment  from  the  vertebral  a^da  of  the  trank  iVto 
the  cramal  basQ ;  2,  the  enlargements  of  the  notochord  at  certain  pliov  t^ 
Teeponding  \^rith  the  later  separation  of  the  bonee ;  ^,  the  dirkioa  «i  lit 
Yisceral  niches  and  the  extension  of  the  bo<ly  cavit j  into  theif  t 
with  the  formation  of  muBcIe-plates  in  each  of  them ;  4,  tho  j 
in  the  relations  of  the  cnmial  and  facial  ba^es  and  the  neunl  ndMi  l»  ^ 
nervous  centre  and  the  issue  of  the  nenrea  on  tbe  one  hand,  and  of  all  l^vi  1* 
the  visceral  or  alimentary  cavity  on  the  other.  But  while  thew 
would  eeem  to  indicate  a  mor|>hological  correspondence  between 
vertebral  rudiments,  much  is  t^till  wanting  to  &11  up  the  detnfls  of  tliA  < 
between  tlieni  ;  and.  admitting  the  serial  homology  to  exist,  the  number  of  1 
meric  somites  or  di visions  of  the  head  is  not  as  yet  by  any  ] 
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II.  DEVELOPMENT  OF  THE  NERVOUS  6TSTE1L 

Tt  ie  one  of  the  most  important  generahsations  resultincf  (torn  \ 
crabi7olo<rical  in  qui  it,  ag  has  h>cen  well  remarked  by  Balfomr,  1 
the  organs  of  tbe  nervous  system  take  tlieir  origin  fitira  tbe  epibb^ ^ 
from  tbe  same  source  as  the  cuticular  covering  of  the  body.  AjmI  Ai 
fact  is  not  confined  Ui  vertebrate  animals,  but  is  tiniveiw  thKm^/0 
the  whole  of  the  Metaxoa. 

L    TBS    C£H£BH0-5FINAIi   CVHTRB, 

In  Vertebrates  the  first  of  these  t^rtrani*  to  uppetir  t>  the  gml  1 
centre  comprising  the  bmin  and  spinal  cxiril  m  rnair  md 

tary  form  ot  a  ^\m\Ae  m^idalkry  tube  (as  previouh  r  4t  pT  70)  V 
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icw  ascertained  that  while  the  central  organs  are  prodaced  hy  an 
ition  and  rapid  p*owth  of  the  epiblast  in  the  hne  of  the  vertebral 
►f  the  l>odY,  the  roots  and  part  at  least  of  the  periptienit  nerves  are 
>ped  by  secondary  extension  from  the  primary  mednllary  centre. 


tS.  OuTLnns  from  aboti  ot  Tins 

IXO  CHICK   IN   THK  flUSt   HJLLF  OW 
mm»Hlf   HAT. 

%  iht  three  primiuy  «noep1)a]ic 
i  cndoied  in  ix^nt  aod  at  thv  aid^ 

cephalic  (M  I  U,  the  hiiiiJer  ex- 
'  of  th«  medullary  amal  dilated 
vbouiboid  »p*ce  in  wbkb  is  the 
rvtzioe ;  4, 4,  acTen  proto- vertebra] 


kSv — SximTO    OF    THK     I>Oa    ]fO!LS 

OnatH  AKKii  '^iK  Anovi.    {After 


Ft^,  718. 


Fig.  719. 
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aiAdiilJAr^  amnl  ii  now  dosed  in  ; 
Ulterior  encepbollc  veaide  ;  n,  the 
ire  optic  Teaido  ;  au^  the  primitive 
1g  iresjde  opposite  the  thinl  en- 
9  beside ;  anif  the  ccphiiJic  fold 
imnioii  ;  or,  the  Titdline  Tcina 
^  the  he&rt  poeteriorlj  ;  pr,  the 
iTtcbnJ  aomibcfiL 

i  is  not  yet  fully  aseertained  whether  the  wliole  of  the  peripheral 
B  are  derived  frtim  this  source  or  are  formerl  by  secondary  differen- 
Q  from  blasterau  in  the  more  remote  scats  of  their  origin. 
im  what  has  \mm  pre\iuiiEly  stated  it  will  have  liec^n  &een  that  the 
lent  of  the  cerebrO'Siiinal  nervoiL*?  centre  is  formed  mure  immedi- 
from  the  thickened  me^lullary  plates  of  the  involuted  epiblast,  the 
of  which,  rising  from  the  Burfaee  of  the  blastodeiin,  lieeome  united 
ly  along  the  middle  line  so  as  to  close  in  a  hollow  medullary  tulje  of 
ndrical  fonn.  This  tulx)  is  wider  at  its  anterior  or  eepbahc  extr^ 
ftnd  this  dilated  portion  liecomes  dindeci  by  jmrtial  coni^tnetionB, 
into  two,  and  very  suon  nfter  into  tfiree  primary  ffrtbral  or 
Salk    veskUs^    which   represent    anterior,   middle    and    posterior 


Fig.  720. 
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R— TftAjrirysiisE    sao- 

VKIOCQH  THE  EXBRTO 
Bl  OntOK  AHD  BtAaTO> 
AT     THE       £XD      OF 

WUSt  I>AT.      lfAONtFlKt> 
^0    TO     100     TrSfES. 

D  EdUiker.) 


pibkst ;  dd,   h^pohUBt ;    sp^  mesoblast ;    Pi\  medulhirj  groore  :  tn,    nn?d  unary 
ek,  chorda  donidis  ;  •*irp,pTotO' vertebral  phite;  u^h^  oonunenoemGiit  of  diviBion 
^bhiAt  into  its  upper  and  ]ower  laniins^  ;  between  Rf  and  k  the  dorsal  Imninig  or 
irhtdi  by  their  approximation  ctotse  in  Uic  medullary  canal. 

ly  divisions  of  the  brain.  The  spinal  portion  retains  a  more 
in  cylindrical  sbajie,  exeepthig  towards  the  caudal  extremity, 
^  is" longer  in  Ixnng  formed,  and  remains  for  a  time  a  fiat  open 
"loidal  dilatation.  The  eontinoous  cavity  enclosed  within  the 
.iv  e  medullary  tube  is  the  same  mth  that  which,  MaxWu^Vj  m'oft^- 
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fied,  afterwards  constitutes  the  central  veatrides  of  the  braiii  and  < 
of  the  siiinal  tord. 
The  formative  oeUa  composing  the  medulkiy  suliBtaiice  are  fi^ : 

Fig.  721. 


air 


ck 


dd 


BBCOim   DAT,    At  TB1K    PLACS    WnXBB    THS   YlftTUlEAL  lOMm   OXASS.      V. 

Kolliker.) 
rw,  doFBal  ridges  ;  r/^  merlulliuy  groove,  or  eaoA]  begisnmg  to  eJ4M» ;  ««p^  || 
Tertobml  ylato  ;  4p,  lateral  [iLvte  of  the  meooblast ;  A,  epi blast ;  fftji    li7poliHl| 
primitive  double  aorta ;  ^,  cominencement  of  diiriiiion  oi  the  mnwiMirt  vUdk  fpiHl 

body*cavity. 

Spherical,  but  tliey  afterwards  become   elongated  and  _^ 

and  iiicreaj^  rapidly  by  mnltiplication.    They  represent  at     _ 

grey  substance,  or  the  nerve-celk   and  non-meduUated  fibres^ 

Fig,  722. 


^JF 


Fig.  722.— Tjuhbthisi  bectioit  of  thy  xxsiyo  onifx  or  fn  latv«k  mftLV  i 

8100HI>  PAY,    IN   TM  RXOIOIT  OF  TmS   PBOTO-rvftTKllRJl.      'p.      (Fnn  ] 

m,  metiiiil&rj  tube ;  A,  epiblast  now  sep*nit«d  fttttn  the  medallafj 
proto-Terte!»ra1  moss  ;  ftp,  parietal  or  aotnatic  mesablavt ;  df^  rjtgxrt^ 
pleiiro.i)erit<]neaI  or  body-caTity  Iwtweeii  these  two  Ujezi ;  d^  Dotoehanl ; 

doubio  ■  (id,  bjt>yblaisfc. 

cylindrical  cells  which^  from  the  first,  line  the  whole  canml^  i«m 
manently  in  some  parts  of  it,   and  frequently  picsetii  Ihe 

Btmcture. 

THE   SPINAL   OOaiX 

Tlie  internal  grey  sulistance  of  the  spinal  oord  is  first  formed; 
white  8U>>8tance  is  produced  later  on  tne  cj^terior.     The 
cousiderablo   increased  thickness,  while  the  dorsal  and  ' 
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remain  comparatively  thin,  bo  that  the  carity  assomes  in  eection  the  ap- 
pearance oi  a  slit,  which  becomes  gjadnally  imrrower  as  the  lateral 
thickening  increases  j  and  at  last  the  opposite  Burfaces  uniting  in  the 
middle  divide  tlic  primary  central  canal  into  an  anterior  or  lower  and 
posterior  or  upper  part  (see  figs,  724  and  725). 

The  lower  of  these  divisionfl  beoomefl  the  permanent  centnil  canal,  the 
npper  or  dorsal  is  afterwards  so  far  obliterated  that  it  is  filled  with  a 
septum  of  connective  tissue  belonging  to  the  pia  mater,  aod  becomes  the 
posterior  fissure  of  the  cord  (in  human  anatomy)  (Lockhart  Clarke, 
No.  188). 

In  birds  and  loammala  there  is  no  distinction  to  be  seen  at  first 
between  the  outer  or  corneous  layer  of  the  involuted  epiblast  and  the 
oeUs  which  by  their  increase  more  immediately  constitute  the  medullary 
plates.  In  hitrachia,  however,  the  dark  colour  of  the  conieous  layer 
ihowB  it  to  bo  distinct  from  a  deeper  layer  which  is  tlie  more  Ftrictly 
nervoas.  In  Osseous  fishes,  and  some  other  animals,  there  is  no  open 
medullary  groove  or  canal  at  fii^st,  but  an  involution  of  a  sohd  column 
of  epiblast,  wliich  subsequently  Ijecomes  hollow  for  the  formation  of  a 
ventricular  cavity. 


Fig.  7SS. — ^TRiirsTiRn    sBorioir  or    ths   cirvical 

TAMt    07    TUB    SPINAL    OORD    07   A  lIGMAIf  IMiiYO 

07  UK  WZKKS.     (FTom  KoUiker.)    Y 

ThoM  and  ihti  frtUowing  flgiire  are  only  ekctchcd,  the 
vhite  nwUer  and  a  part  of  the  groj  not  lieing  abadetl 
in.  Cf  oentral  canal ;  f,  ita  epitbelkl  Iming,  at  c 
(inferior  1/),  the  part  mhich  becomeii  the  anterior 
oommnnm  ;  at  4  (Bupcriorly),  the  original  place 
ti  da&an  of  tbe  c&nal ;  ti,  the  white  substance  of 
IIm  •ntarior  oolnmnB,  beginning  to  be  eeporated  frofa 
1fc0  gnj  matter  of  the  interior,  and  extending  round 
inlo  €kb  lateral  cohimn,  where  it  ia  enxiBed  hf  the 
lioe  from  ff,  which  poinU  to  the  grey  aubst&nce ;  p, 
portcrior  column  ;  ar,  anterior  loota  i  pr,  pooterior 


Fig.  723. 


The  tnasses  of  pprey  matter  first  formed  in^  the  spinal  marrow  cor- 
FBQX^nd  chiefly  with  the  anterior  eolumns.  These  are  Biicceeded  by 
lilenil  masses  or  columns,  and  somewhat  later  by  small  posterior 
ootamiu.  There  arc  at  first  no  commissures  except  by  tbe  passage  of 
tte  deepest  Layer  of  C4»11b  aeross  the  middle  line,  but  the  fibres  from  the 
Tooto  of  the  nen^es  when  formed  are  traceable  into  the  grey  substance  of 
their  respective  aot^rior  and  posterior  columns. 

The  white  substauce  is  formed  external  to  or  on  the  snrface  of  the 
deeper  grey  substance ;  but  it  is  not  yet  determined  whether  it  is  wholly 
developed  out  of  the  cells  composing  the  grey  matter  or  from  separate 
blastema  to  which  the  mesoblast  may  in  part  contribute.  It  is  certainly 
combined  \rith  connective  tissue  elements^  and  its  mode  of  f€>rmation  is 
different  fnim  that  of  the  grey  sfilistance,  wliich  is  the  more  direct  product 
of  differentiation  of  tlie  involuted  epiblastic  cells.  Huw  far  the  mesoblajst 
takes  part  in  the  formatioo  of  the  latter  is  stOl  doubtful  (see  p.  102). 

On  the  fifth  and  sixth  days  in  the  chick,  according  to  Foster  and 
Balfour,  the  white  columos  mcrease  rapidly  in  size,  and  the  anterior 
median  fissure  Ix^gins  to  l>e  formed  between  the  anterior  columns  by 
tlieir  swelling  outwards  and  leaving  its  iuU^val  between  ih^rn^    \Sk'^^ 
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first  wide  and  shallow,  and  soon  receives  a  lining  of  TBiicnlar  < 
tisBue  or  pia  mater.  The  commissures  arc  now  also  formed  ;  the  i 
grey  commissure  first,  then  the  posterior  grey,  and  somewhat  ' 
anterior  white  commissure. 


Fig.  724. 


<S 


Fig.  724.— TRAiTffvKMB  SBonos  of 

THE   CARTlLAcmoVS    rKKTKB&AL 

AStH  THS  BFOTAL  COKD   Uf  TKK  OIXfKtt 

FAKT  OP  A  BVKAH  KVSBTO  Of  riOK  iSR 

to  Tiir  WEXXJ*     (From  KuUiko.)   f  j 

c,  ccntml  canal  lined  wifh 
a,  ontcridr  column  ;  j7,  po«lerior  i 
y,    1>anil   of  Gol]  ;     j^r,    fUi^Uoa 
Ijofeterior  root  ;  p  r,  povtorior  ; 
anterior  root  paanng  over 
d  m,  dura-mainJi  tJiemtli,  am 
to  show  the  posierior  loota 
tho  Ttirtebra  ;   c  A,  dioidA  i 
DQural  aich  of  the  rertebim. 

In  the  further  increafle  of 
anterior  and  lateral  white  i 

as  they  thicken,  they  '^ 

united  together  on  eadi  odi^ 
that  they  can  only  be  art" 
distinguished ;    the   fihs^ea 
roots    of    the    ner%*efl  are 
through  tliem  into  the  grey  i 


the  oomoa  of  grey  matter  hecome  more  and  more  developed^  aal 
fissures  between  the  white  columns  deepen^  while  the  connective "' 


Fig.  725. 


A*^ 


j»ew 


Fig,    725,— T* 
Tion      OF 

SVUtAh    G0m2»    OF  fSl 
OP  BKWWSt  DATJL      {Ttm 

tor  and  BOfoar^ 


fp 


FJ 


and      acw^ 
csnlnmns  ;   pe^, 
of    graar 

celb ;  ac, 

▼ith  kqpt  csiaW  ;  n^  4 
of  tlie  outti ;  e,  tWi 
nov  open  um]  ttlM  i 
in  tlie  po«t«rior  §am 
ike  lover  dipklMi  df  L,, , 
tiTe    KDedn]|if7  «»vHPt 


dot 


Angnkr  c^\i%  m\)^  x^^-eiXi\T^  ^^^^cifsyuoi  ouike  their  a 


left  beln^  tb«  ] 
anterior  ^nmoB  I  ^ 
grcjr  coaunianFi ;  pf^ 

or  pia-maAnl       „ 
more  eomple^^r  fai 
through  the  wUto 
stance. 
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grey  matter,  and  the  nerve-fibres  both  of  the  grey  and  white  matter 
become  more  distinct. 

The  cjliiitlrical  colls  lining  the  central  canal  retain  their  distinctness, 
and  thej  are  more  complctelj  separated  from  the  grey  matter  by  the 
delicate  tissue  of  the  ependyma.  Throughout  the  greater  part  of  the 
spinal  cord  the  dorsal  part  of  the  primary  medulliiry  hollow  is  obliterated 
to  form  the  fissure,  but  in  the  sacml  region  of  birds  it  opens  out  in  the 
rhomboidal  sinoB,  and  in  the  filum  terminale  of  the  human  cord  the 
whole  primary  medullary  cavity  remains. 

The  spinjLL  cohd  has  been  found  by  KoUiker  already  in  the  form  of  a  cylinder 
in  the  oenrical  region  of  a  human  embryo  of  four  weeks.  Ununited  bord<irs  have 
been  seen  by  Tiedemann  in  the  ninth  week  tc» wards  the  lower  end  of  the  con!, 
tine  perfect  dodng  of  the  furrow  being  delayed  in  that  part,  which  is  ulightly 
e&laiged,  and  presents  a  longitudinal  median  slit,  analogous  to  the  rhomboidal 
kiiins  in  birds. 

The  antrrUff  Jlsfure  of  the  cord  is  developed  very  early,  and  contains  even 
from  the  first  a  process  of  the  pia  roater  developed  from  mesoblast. 

The  eerrical  and  tumhar  mhirffnn^nts,  opposite  the  attachmcnta  of  the  brachial 
wdd  cniral  nervei»,  ap^iear  at  the  end  of  the  third  month  :  in  these  situations  the 
central  canal,  at  that  time  not  iiUed  npj  is  somewhat  larger  than  elaewhexe  (see 
figB.  733  and  736). 

At  first  the  cord  oeenpiee  the  whole  length  of  the  vertebral  canal,  ao  that  there 
fa  no  Cauda  equina.  In  the  fourth  month  the  veitebrse  begin  to  grow  more 
z&pldly  than  the  cord,  so  that  the  latter  seema  tm  it  were  to  have  been  retracted 
within  the  canal,  and  the  elongation  of  the  roots  of  the  nerves  which  gives  ri^ 
to  the  CAuda  tquifut  m  commenoed.  At  the  ninth  month,  the  lower  end  of  the 
cord  is  opposite  the  third  lumbar  vertebra,  (Kolliker,  Lockhoit  Clarke,  Bidder 
tmd  Kupffer,  Foster  and  Balfour.) 

Hie  origin  of  the  roots  of  the  spinal  nerves  wiU  be  referred  to  later* 

THE    BRAIN   OR    ENCEPHALON. 

1.  General  ph^wmma  of  derehpmmt  as  mceriained  in  Mrds  and 
mammals. — Reference  has  prerioualy  been  made  to  tho  simple  fonn  in 
whicb  the  hrain  at  first  presents  itself  in  the  anterior  dilated  pcirtion  of 
the  primitive  mednlhiry  tube,  and  its  partial  division  into  the  three 
primary  cerebral  vesicles.  These  primary  vesicles  arc  named  fore-hrain, 
mid-bmin,  and  hind-brain,  and  correspond  most  nearly  to  the  regions  of 
the  third  ventricle,  the  corpora  qaadrigemina  and  the  medulla  oblongata 
of  the  adult  brain. 

The  changes  whicb  mainly  tend  to  modify  the  form  of  this  primitive 
brain  are,  1st,  the  development  on  each  Bide  from  the  anterior  vesicle  of 
the  primitive  wular  vesicle ;  2nd,  the  protrusion  somewhat  later  fmm 
the  forepart  of  the  anterior  cerebral  vesicle  of  a  biikiog  part,  at  first 
■ingte  or  undivided,  but  which  by  a  median  cleft  and  lateml  eiqpanflion 
becomes  later  the  rudiment  of  the  two  cerebral  hemii^pheres ;  and  Srd,  the 
formation  in  the  forepart  of  the  posterior  vesicle  of  a  new  encephalic 
rudiment  corresponding  to  the  cerebelJum.  Thus  the  first  yesicle 
beocmiea  converted  into  the  cerebral  hemispheres  and  vesicle  of  the  third 
▼enfcricle  or  tbalamencephalon,  the  middle  vesicle  remains  undivided, 
and  the  hinder  vesicle  becomes  the  cerebellum  and  medulb  oblongata. 

The  formation  of  the  primitive  ocular  vesicles,  by  an  evolution  of  the 
lateral  wall  of  the  primitive  medullary  tube,  givea  to  the  first  vesicle  and 
the  adjacent  part  of  the  head  a  much  greater  lateral  width ;  but  the 
cranial  wall,  though  pushed  out  by  the  enlarging  ocular  v<is\cle&,  ^s«J^ 
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not  follow  closely  tho  inflection  of    their  surfaces.     As  the 
quent  contraction  of  the  stalk  of  the  ocular  resiclee  progreflaefl^ 

Fig.  72e. 


r^ 


MH^ 


J  hi 


-Jlr^ 


Fig.  726.— PoRE-puiT  orrwE  xxbrto  1 
iH  FIG.  689t  TiswKD  ymt>x  m 

Vh,  fore-brain  ;  Ahi^  ocular  Tendct;  Mk^ 
mid^brain  ;  Bh,  hi&d-bfain  ;  ff,  part  dikk 
heart  seen  bulging  to  the  right  aide  ;  Tm^ 
omphalo-meaeateric  or  Titellino  ireiaa  m\ 
isg  the  heart  postctiorljr  ;  Mr^  mMDatf 
caaal,  epinal  part ;  Mr',  medaWarf  «aO  i 
tho  mid-bmiu  ;  UWf  proto*TerteLr&l 


\—M 


f}  m 


-Um 


vesicles  are  thrown  more  backwudl' 

and  downwards  by  tlie  developoKni 

^^  of  the  cerebral  Tesiclea, 

2fi — Hi^P   -^HL  -^8  the  cerebral  Tesiclea 

enlarged,  the  cnmial  wall  andfligoii 
a  corresponding  expanfiion  in  te; 
forepart  of  the  head,  the  cav^itt 
of  the  lateral  ventricles  extem* 
their  hiterior,  and  the  vesicle 
thalaniencephalon,  which  waa 
tlie  foremost  part  of  the 
head,  is  thrown  backwards  into  t 
somewhat  deeper  position. 

The  middle  encephalic  vesicfo,  in^ 
creasing  greatly  in  eize,  takes  tla 
most  prominent  part  of  the  bei4 
-Jf-r  eu|jeriorly,  both  from  its  own  grmm 
relative  magnitude^  and  from  thi 
sudden  bend  which  the  bead  mm 
takes  below  this  vesicle  in  Uw  pmit 
cranial  flexure. 

The  formation  of  the  cerebellum  begins  by  a  thickening  in  the  iqipr 

Fig.  727. 


Fig.  727.— Pom  ttvws  or  thb  Bftiiw  ov  am  ucbeto  cimir  tn  tss  fraoa  of  fair 

DlYt^IOir     mTO      TUB      FITl     CEJl£ft&AL     auDnOEm,     HAamVlU)     tMKEB     MAMSKB^ 

(From  Eeichert.) 

A,  frooi  above  ;   B,  from  tho  md»  ;  C,  Teitic^  section  showing  tht  interior ;   S^  ta 
baloir, 

1,  CerebTal  bemtspbere,  proeencepbalon  ;  S,  tbalameocvphakm  ;  S,  mmmetii^ti'^ 
still  single  ;  4,  oorcbeUum^  ef>cQc«phjiloQ  ;  5»  m jakaoephakni,  n&cdutla  olilii^po  i  \ 
optic  nerres  :  V,  fifth  pnir  ;  VlII,  eighth  pitir  or  glo«ophaiyft«»l  and  tmmtmam^^^ 
^  Infuii-libuluui ;  i\  v\  goQeml  ventricular  cavity,  optmingat  v  ial«  llw 
bj  th«  fotus^«u  d^oioQ., 
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and  lateral  walls  of  the  part  of  tbe  posterior  primitive  Tesicle  which  is 
next  to  the  mid-brain,  and  is  accompanied  by  n  din^'p  inflcK:!tion  of  the 
medtillary  tulje  Ijetwuon  it  and  the  remaining  jzkirt  of  the  \e8icle  which 
forms  the  medulla  obloncfata. 

At  the  same  time  that  these  changes  are  prr>tTressing,  two  other 
temarkable  phenomena  occur,  which,  as  presenting  themselves  veir  con- 
stantly in  the  hmins  of  vertebrates^  and  having  important  morphoIo«^ical 
relations,  may  be  mentioned  at  this  place.  These  phenomena  are  Ijoth  re- 
lated to  the  thalamencephalon,  and  they  oousist,  1st,  in  the  downward 
projection  of  a  pointed  funnel-shaped  part  of  the  cerebral  wall,  with  a 
prolongation  of  the  ventricular  cavity  within  it,  into  the  pituitary  fossa, 


Fig.  728, 


tft^V 


J^n. 


Fig.  723. — LoiroiTUDmAL  sectior  throuoh 

T9S   BlUIJr  or  eCYLLlUM   CAHICULA   AT   AN 
AI»TAJtOSI»  iTAOB  07  DKVSLOPMSMT.    (From 

BftUbv.) 

etr^  cerebral  Ijeroisphcre ;  pn^  pineal 
giUiid ;  0f.ihy  optic  tliai&mtia ;  opy  optic 
chiMma ;  jp<,  pituitary  bod;  ;  tn,  inf tLodi- 
baliiiD  I  t/>,  cerebellum  ;  au.t'|  recegsua 
vivtibtdl,  or  pa»agQ  from  tbe  auditory 
wicle  to  the  exterior  ;  m«f,  medulla  ul^ 
loag&ta;  cAn^  btenuit  curotM  art«r]r. 


premratory  to  its  union  with  tlxe 

evolutcd  part  of  t!ie  month  cavity 

by  which  the  pituitary  gland  takes 

itfl  rise ;  and  2iid^  iu  the  thinning  of  the  dorsal  wall  of  the  brain,  and 

the  prolongation  of  a  part  of  that  wall,  which  in  tho  lower  Tertebrates 

feacnes   the  cranial   roof  by  a  peculiar  tubular  extenBtoE^  and  is  the 

bomdogae  of  the  pineal  gland. 

There  are  thus  distinguished  the  rudiments  of  five  fundamental  con- 
gtitaents  of  the  brain,  under  which  it  will  he  found  convenient  to  bring 

FIf.    729,— OuTLiirt     0?    1  Pig«  729, 

IiOHatTCDIMAL  BECTIOM 

TB&oraB  Ttix  bhain  or 

A     CHICK     m    TKN     DATS. 

(After  AtiliBikoTica.) 

h^  cerebral  hemiaphere  ;  o(/; 
clfMlofy  lobe  and  nerre  ;  «f , 
BtriAttim  ;  ^r,  lateral 
at^  anterior  com* 
I ;  U^  UminB  termitudu  \ 
^Ofpft^  optic  eommiisure  ;  pi^t 
pitaitAjy  gUoii  ;  inf^  infundi- 
hnlam  ;  rat,  internal  carotid 
i&rtery  ;  t^,  third  Tentricre  ; 
eA\  cboroid  pteins  of  third 
Tcitlricle  ;  pui,  iiiueal  glajid ;  £^,  oorpom  bigemina ;  amir,  anterior  meclnllaTy  Telum  ; 
Uow  vhioh  two  last  references  are  tho  aqneduol  of  SjlTioa  and  crura  cerebri  ;  tU^  cere- 
btllmii ;  I?*,  fourth  ventricle  ;  ht^  baflilar  ikrterf  ;  |>*,  potw  Varolii ;  rA',  choroid  plexas 
of  tibd  lioiirtli  ventricle  ;  <M^  medulla  oblongata  ;  r,  rwf  of  fourth  rentride. 

Ilie  notice  of  the  development  of  the  several  parts  forrainp:  the  full- 
grown  organ,  and  which  may  in  this  association  be  shortly  enumerated 
at  foUows,  viz, : — 

1.  The  eejcbral  hemispheres,  with  their  vcntriculai  \io\!Lo^k%  ot  VX^t^ 
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vcntriclea,  tho  corpora  striata^  and  the  olfactory  Iobe8, — a  eet  of  pi 
to  which,  as  a  whole,  the  name  of  procerehrum  or  pro&enctphaUni  may 
given. 

2.  The  ihalmnencephahn  with  its  canity  or  third  ventricle,  the  primi 
ocular  pedicles,  and  the  iiifnrKlihnliiin. 

3.  The  me^encephalony  which  is  the  saine  with  the  original  mi* 
vesicle,  and  comprises  the  coqxini  qaatlrigemina  and  crura  cerebri  i 
its  contracted  internal  hollow,  the  iter  a  tertio  ad  quartum  ventricidfl 
of  hmnan  anatoray. 

4.  The  next  part  in  successicn  is  the  cereMlum^  along  with  which 
inclade»l  th<5  pons  Varolii  and  part  of  the  foiuth  ventricle. 

h.  The  hinder  part,  which  passes  into  the  spinal  marrow,  is 
mednila  ohlonti^aUi,  with  tlie  remainder  of  the  fourth  Tentricle  and 
continuation  into  the  central  spinal  canal. 

Fig.  730-  Fig.  730,— Sketchis  o»  the  runorm  n 

l^  ^^  2  OF  THB  imxjui  BRAtv*     (Fiom  K(Sllik«K 

It  2,  and  3  uts  from  the  human  cnibij^ 
about   B€ven   wecka.       1,   riew  o£ 
embryo  from    behind,   tho    brain 
cord  cxpoMid ;   2,  the  poetenaTj 
lAteral  yiew  of  the  brain  remortd 

iy  'f  body  ;   A,   the   cerebnJ  bemkpher*^ 

cephaloa) ;   t\  tho  thalAmenoephalon  ;  f »  Hi 
infmLdibuIum  at  the  lower  put  of  the 
mt     tho    middle    pHmATf     residfl     {\ 
cephftloa)  \  e,  the  oefebellnm  («paBe«  ^ 
mOf  the  medulbi  oblougatA.      Figm^ 
jiJflo  the  Bevcnl  ctirroi  which  imk 
the  development  of  the  parU  from 
tive  medullary  tube.      In  4,  a  latetat 
giren  of  ibe  br&iji   of  a   human  cml 
three  months  :  the  enlargement  of  the 

hemisphere  haa  oorered  m  the  optio  thalamic  leariog  the  tubercnla  qnadrifenafliK 

apparent^ 

In  these  five  fundamental  parts  or  nidimonts  of  the  hrain,  aris 
of  very  simple  mtxiifi cations  of  the  three  primary  encephalic  vesi  " 
mainly  hy  an  increased  thickenin*i:  of  the  medullary  wall  in  son 
parts,  and  the  relative  thinnin^^  or  even  the  entire  removal  of  the  i 
etiiiice  in  others,  that  the  ehanj^es  accompanying  the  formation  of  * 
cercbml  masses  are  effected,  while  as  a  consequence  of  these  and  oti 
modificationa  of    fomi,  the  several   part«  of  the  internal  cavitj, 
ventricles  of  the  brain,  accjiiirc  the  different  degrees  of  expanskiii 
e4:>ntraction,  or  the  comparatively  open  or  closed  condition  whidi 
exhibit  in   nfter  life.     Tlins    the  cereliral  liemisphert^    and 
striatal  are  the  main  masses  formed  by  the  lateral  thickening  and  < 
Bion   of    the  medullary  walls   of   the  procerchmm,  while    tjie 
callosum  irnd  fornix  are  fonnetl  later  by  a  deeper  median  dc\*clop 
connection  with  these  part«  ;  the  thalami  optici  are  the  mfiet  m 
of  the  lower  and  lateral  region  of  the  second  nidiraent :   the 
quadrifjemina  are  thiekeninjrs  of  the  upper  wall  of  the  third 
while  the  crum  cend^ri  arise  by  increased  deposit  in  its  lower 
cercliellum  may  1)e  repirdcd  as  a  lar^e  depsit  in  the  upper  ^ 
fourth  rudiment,  while  the  pons  Varf4ii  is  a  thickening  of  it<  ! 
wall  ;   and  the  parts  composing  the  medulla  oblongata  are  princi, 
formed  by  increased  deposit  in  the  lower  and  lat^^  wall  of  tho  i 
rudiment. 
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Thus,  also,  the  lateral  ventricles  are  two  expansions  of  the  forepart 
of  the  onf^iiiiil  voiitriculur  cavity  which  result  from  ttie  diktatioo  of  the 
vesicles  of  tlie  ri*i:ht  and  kft  ccrebrid  hemispheres,  and  commoiiieate 
"writh  the  ceotral  or  third  vcntriele  l>y  the  eommen  foramen  of  Monro. 
The  central  or  thinl  ventricle,  origiiiallT  the  foremost  jjart  of  the 
medollary  hollow,  is  narrowed  on  the  sides  by  the  iDcreascd  development 

Fig.  7 SI*— 'Vertical  «»ctiom    of   wiBiitoHio  pj-^  y^j^ 

m&AiKs  IS  TWO  sTAowa  or  TftjiKsrrtoM  from 

THB      RUD11tC?rrAl&T      COMDITtOX^      MAOirtFlSD 

TB^&is  i>ujisTBR8.     (From  K^khert.) 

At  Bmin  of  tlie  embryo  pig  in  commencing 
BtAte  of  tmniiitioii.  1,  Rigbt  cerebnil  bemi- 
ttpbere  ;  2,  thakrnencei»haIon  and  poailion  of 
tHe  pineft]  gTiknd  ;  3,  mid-brain,  with  a  largo 
caivitj  ;  /,  fonunen  of  Monro  ;  t,  infundibuluin  ; 
4,  c«5rebelliijii  ;  5»  medulla  oblongata. 

B»  Brain  of  the  embryo  of  the  cat^  more 
Adranoed.  r,  Corcbral  heminphere  pasaing  bock- 
wiuds  so  nB  to  coTcr  the  other  piirU  ;  I,  olfactory 
tiCElb  ;  II»  optic  nerve  ;  (A,  ihabitnmi  opticus  ; 
yi  fonunen  of  Monro ;  cr,  coqjus  caliosnm ;  p, 
pineal  gland ;  »,  infundibqlum ;  cff,  corpora 
qoadrigemina,  not  jet  dirided  ;  3,  third  ven- 
tricle ;  CTt  crura  cerebri,  below  the  aqueduct 
o€  Sylvius,  now  reiluoed  in  width  ;  c',  cere* 
bellncD  ;  4,  fourth  ventricle;  pv,  Pont  Varolii  ; 
jn,  mednlla  oblongtita. 

I  of  the  thalami  optici,  while  inferiorly  it  is  prolonged  and  projects  down- 
wards as  infnndibtilum  into  the  pituitary  fossti ;  and  on  the  upper  side 
the  wall  of  this  ventricle  cornea  to  be  opened  up  by  the  thiiiiiinj;  away  of 
ltd  mednUary  substance,  and  othensise  modified  in  coniiection  with  the 
formation  of  tlie  i>ineal  gland.  The  continuation  Imckwards  of  the 
orig^inal  veotricular  hollow,  greatly  narrowed  by  the  ultimate  thickening 
of  the  suljtJtauce  of  the  corpora  quadrigemina  and  crura  cerebri^  forma 
the  aqueduct  of  Sylvius,  and  is  succeeded  by  the  more  exj^anded  canity 


I 


I 


1*1^.    732, — ^VlHTtCAl*    SBCTIOH    O*   THE   BRAIIT   OF   A  Fig.  732. 

aiTMAJf    ZMBltYO   OF   roVHTKEiN    WREO,   MAOITIPIlD 

thukb  DiAJiETKfta.    (From  Reichert.) 

c,  cerebral  bcmiii|>1t«rt ;  re,  corpaa  callosum  be- 
^mning  to  p&ss  bacV^  /,  foramen  of  Monro ;  p^ 
mcmbiane  over  the  third  ventricle  and  the  pineal 
^jbuid  ;  fA,  thulaLXtiuit  opticus  ;  'S^  third  ventricle  ; 
I,  olfactory  bulb  ;  cqt  corpt)ra  quadrigemina,  mewn- 
eephalon  ;  cr,  crura  cerebri,  anil  above  them  tbo 
aqacduct  of  Sylriua  »tili  wide  ;  ^^  eerebelliunf  and 
b^ow  it  the  fourth  ventricle  ;  pv,  Pooa  Varolii ; 
fii,  medulla  oblongata. 

of  the  fourth  ventricle,  l>nng  between  the  cerelx?llum  and  the  lower  walL 
The  upper  waU  f>f  the  latter  cavity  undergoes  ga^ai  thinning  like  that  of 
the  third  ventricle,  so  as  to  be  reduced  in  the  part  l>efore  the  ccreljellimi 
to  the  thin  lamina  forming  the  valve  of  Vteussena,  and  in  the  part 
behind  it  to  he  covered  <jnly  by  membrane,  and  to  present  an  opening 
from  the  cavity  into  the  posterior  sub-aniclmoid  space. 

From  what  lias  tvefore  l)een  said  of  the  relation  of  the  fundament#^ 
parts  of  the  brain  to  the  basis  of  the  skull,  it  will  be  seen  that  the  oer 
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bml  development  is  intimately  connected  also  with  the  great 
flexure  which  occurs  at  the  pituitary  fossa ;  for  while  the  infondili 
prolongation  of  the  thalamenccphalon  projects  do^vn  into  this  fo 
the  lamina  tenninalis  lies  in  front  in  the  position  of  the  orig* 
most  part  of  the  encephalon,  certain  parts  of  the  brain  may 
sidered  as  situated  posterior  bo  tiiis  point,  viz»,  the  mesenoepl^cm 
crum  cerebri,  cerebellum  with  pons  Varolii,  and  medalla   obli 
while  the  cerebral  hemispheres,  with  the  corpora  striata,  corpus  < 
and  fornix,  may  be  considered  as  formed  in  their  earlier  condit 
forward  expansion,  and  as  situated  in  front  of  this  turning  {)oint. 
though  the  connections  of  the  ccreljral  hemispheres  with  the  rest  of 
bmin  may  thus  be  regarded  as  anterior  to  the  cmnial  oent^ 
wliilo  in  their  earlier  stages,  and  still  of  small  size,  they  are 
placed  as  in  the  lowest  vertebrates  entirely  in  front  of  it,  yet 
later  great  propoitional  development  in  the  higher  animals^  and 
ally  in  man,  the  cerebral  hemispheres  come  to  progreaa  backwarifli  i 
successively  to  cover  superiorly  the  thalami,  corpora  qaadrigemina,  1 
cerebellum,  and  the  medulla  oblongata. 

The  developmental  relation  of  the  Beveral  parts  of  the  brain  to 
fundamental  iiidimentg  may  be  stated  in  the  foUowing  tabular  form ; 


%  Anterior  primazy  Tttlde, - 


I.  PrcaeJioeplyilon**    J     Corpus  OtUoviiiii.  Fomix, 
-       '  (    trickia,  OUkctorytabCB^ 


Jnter*br&Ui. 
n.  Middle  primaTy  YMide,    {^  Jj^S^''*'' 


Fci^tfnUiu 


2,  TlmliiiDet]Ci«phAloi]L  f  Thakmi  Optld.  PIumI  gboid 
(Diem  ^plmloQ.)  J  bodv,  Tliiiid  Vcntrkia,  Opite  I 
-        -  I    arily>. 


UL  FckSteriorinfinaiyVeilele. 


4.  Epenceph&loEL 
Hiud-braltiL 

&»  Metennephalon, 
AfUr^Uniu. 


I  Oorport  QiudrfgemliM,  Ctvia< 
(     dact  of  SylrluB,  Optie  iter 

I  CeF«b«llain,  Poni  VaroUf,  i 
(     til  a  Fooilh  V«alTlcle. 

( Ucdollji  Oblongfttft,  FTVrth  YmmdM^  i 
\    ditory  ncrrew 


(See  the  referonoe  to  workt  on  the  deYdopmeat  of  the  tmmfii 
No8. 184—1114.) 


FARTHEB   PGVELOPHfiKT   OF  TH£   DRAIN   IN   MAN   ANB  MAMMAUB. 

The  full  hifitoiy  of  the  derelopment  of  the  bi&in  is  ao  extexudTO  i 
cttted  a  subject  that  it  will  he  necessary  to  limit  ooraelTes  here  to  m  ftaj  \ 
indication  of  the  principal  fact«i  regurding  it,  proeeeding  from  beliiiul  : 
in  the  order  of  the  five  fundainental  pmts  of  the  brmn  abore-mentioiied. 

1,  MeduUsi  Oblong-ata,  Metencephaion,  Aiter^brain.^The  mediill&iy  tool  { 
this  part  hecomea  at  an  early  period  more  and  more  widened  out  Ut 
reduced  in  thicknese  till  at  lust  scarcely  any  nerroiis  snbatanoe  xemaini 
lateml  paita,  along  with  the  iiiferior,  thickening  by  tha  gttmt  inczeai 
medullary  tiesuOi  are  thrown  towards  the  side,  and  thna  gire  fiae  to 
space  which  forms  the  fonrth  Tentricle,  bounded  posteriorly  bj  tike  : 
calamue  ecHptorins,  and  leading  at  its  point  into  the  canal  of  the  Bpiaal  ] 
There  is  unbeeqnently  formed  in  the  roof  the  opening  which  leads  f 
Tentride  into  the  subarachnoid  space,  ond  the  pm  mai^,  ridi  in 
beoomoB  folded  over  the  roof  and  forma  the  plexus  known  m  tlui  cfaoamidj 
fonrth  Tentricle, 

The  three  more  solid  oonstitnent  parts  of  the  medulla  oblongsl^  < 

*  Thl§  anfl  tho  four  following  termis  aro  adopted  ••  Applksble  to  the  parinei|al  i 
diviiioiu  of  the  primary  medullary  tube,  and  is  eoneyading  to  the  aamm 
eeivod  names  of  the  Gormao  embryologtste,  vis.,  Vorderhtrn,  2wi8dienhlni«  Mlti 
EinteiUiru,  and  Nthchkirn^  ec  theiz  Imb  mod  Eoigliab  twulatioii%  glveo  aborrsk 
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distingrmsliable  about  the  thitd  moDth ;  first  the  rfitiform  bodies,  ^liioli  are  con- 
nected with  the  cojnmenciiig  cerebeOum,  and  afterwards  the  anterior  pyramids 
and  olivea.  The  anterior  pyramids  become  pTominent  on  the  surface  and  dia- 
tinctly  deined  in  the  fifth  month ;  and  bj  thi.^  time  also  their  decussation  is 
evident.  The  a^^ra^y  fasciculi  are  early  distinguishable,  but  the  proper  olhanj 
httdyt  or  tubercle,  does  not  appear  till  about  the  sixth  month.  Thf^  /asciola* 
einerett  of  the  fourth  ventricle  can  be  Been  at  the  fourth  or  fifth  month,  but  the 
white  /true  not  untal  after  birth. 

2*  Tlie  Oerebellnmr  Eponeephalont  Hind-brain.~In  the  human  embryo  the 
cerebellum  exista  at  the  end  of  the  eecood  month,  aa  a  thin  mednUary  lamina, 
forming',  as  in  many  of  the  lower  vertebrate  animals,  an  arch  behind  the  corpora 
<|njidrigemina  across  the  wide  primitive  medullary  tube. 

According  to  BiifK:hoff,  the  cerebellum  does  not  commence,  as  was  previonaly 
snpposedt  by  two  lateral  plates  which  grow  up  and  meet  each  other  in  the  middle 
line ;  but  a  oontinuoua  deposit  of  nervooB  BUhetance  takes  place  acroea  thia  part 


Fig.  733. — BtAni  xkb  sptnal  oord  Expoacs  raoic  bkeutd  im 
A  f<Eius  Of  THRKE  HONTHa.     (From  KoUiker.) 

k,  the  betaisphereii ;  m,  the  meseacepkatic  Te»icie  or  corpora 
quadrigemlnat  c,  the  corebollimi  ;  below  ttiia  oro  the  medulla 
obloagata,  wrt,  and  fourth  veutiielc,  with  rcmaina  of  the  mem- 
hnuia  obtaratoria.  The  spinal  cord«  a^  extendi  t<»  the  lower  end 
of  Um  HUSfal  canal,  and  preBeuta  the  biaddal  and  cntral  en- 


Fig,  733. 


of  the  medullary  tube,  and  cloaea  it  in  at  onoe.  This  layer 
of  nervona  matter,  which  is  soon  connected  with  the 
ooipor»  rcBtiformia,  or  inferior  peduncle^  increasee  gradu- 
ally np  to  the  fourth  month.  The  middle  lobe  is  the  first 
formed,  and  remains  for  a  contriderable  time  the  principal 
maea  of  the  cerebellum.  The  lateral  lobes  follow,  and 
there  ia  seen  about  the  fifth  month  a  division  o!  the»e 
into  the  subordinate  lobes  ;  at  the  sixth,  these  lobes  send 
tmt  folia,  which  are  at  first  simple,  but  afterwards  become 
•ubdivided.  Moreover,  the  hrrnhphtrr*  of  the  cerebellum 
are  now  relatively  larger  than  ita  median  jxyrtion,  or  irorm. 
In  the  seventh  month  the  organ  is  more  complete,  and 
thA  JheeuluM  and  posterior  rtlum,  with  the  other  partn  of 
the  infericnr  vermiform  process,  are  now  dii*tingiiiBhnbl©, 
except  the  ami^gda!^^  which  are  later  in  appearing. 

Of  the  pcdunrirs  of  the  cerebellum,  the  inferior  pair  (corpora  restifcrmia)  are 
tbii  fiiflt  seen — viz,,  about  the  third  month  ;  the  middle  peirjmioies  are  perceptible 
In  the  fonrth  month  ;  and  at  the  fifth,  the  miperiur  peduncles  and  the  Yieus- 
Msdftii  Tfclve.  The  ponx  Varolii  ia  formed,  aa  it  were,  by  the  fibres  from  the 
hcnd^herei  of  the  cerebellum  embracing  the  pyramidal  and  olivary  fasciculi  of 
the  medolla  oblongata  below^  According  to  V.  Baer,  the  bend  w^hich  takes  place  at 
this  part  of  the  enoepbalon  thrusts  down  a  ma«is  of  nervous  substance  before  any 
fibres  can  be  seen  ;  and  in  this  substance  transverse  fibres,  continuous  with  thoee 
of  the  cerebellum,  are  afterwards  developed.  From  its  relation  to  the  cerebellar 
hemiipheres  the  pons  keepe  pace  with  them  in  it»  growth  \  and^  in  conformity 
with  this  reUtion,  ita  transverse  fibres  are  few,  or  entirely  wanting  in  those 
miTy»»U  in  which  there  is  a  corre^vponding  deficiency  or  atnenoe  of  the  lateral 
puts  of  the  oerebeUum,  a^  in  marsupials  and  monotremei, 

8.  The  Hesencephalon,  Mid -brain,— The  cor  para  qtrndrif/emimi  are  formed 
in  the  upper  part  of  the  middle  oephaMc  vesicle ;  the  hollow  in  the  interior  of 
which  communicates  with  tho^  of  the  firvt  and  third  vesicles.  The  corpora 
qnadrigemina,  in  the  early  condition  of  the  human  embryo^  are  of  flfreat  proper* 
tionate  volumet  in  harmony  with  what  is  seen  in  the  lower  vertebrata ;  but  sub- 
sequently they  do  not  grow  ek)  fast  as  the  anterior  parts  of  the  enoepbalon ,  and 
are  therefore  soon  overlaid  by  the  cerebral  hemi^h^rea,  which.  tt&\ibft  «xd^  tdjco^^^ 


he 


•.  \iitvmat^v  -raw  io^^ '  ^^ 


.^\v  lu  i^^.^'  ,^  covet  stt> 


^^.  Middle  ^*^ 


^<VtLCTx^'-V;  developer  rHemi--^V^*^'^    i  \»v  a  Vit*^^  ^, 


(See 
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oorer  tliem  oompletel j.  MoreoTer,  they  become  gndaaHr  nfifl  hf  tte  depoi 
tion  of  matter  within  them  ;  and  as,  in  the  meantime.  Khe  ^-r^mi  ptimatln  n 
increa«ing  rapidly  in  nze  in  the  floor  of  this  middle  cephalic  Tvicie.  the  CiTit; 
in  its  interior  is  qnicklj  filled  np,  with  the  exoepciaa  of  the  nanow  pan^ 
named  the  Sylrian  aqueduct.  The  fillet  is  distingniihaUe  in  the  fimth  msad 
The  corpora  qnadrigemina  of  the  two  sides  are  not  maifcwj  off  fro^  eaeh  dk 
bj  a  vertical  median  groove  nntil  aboat  the  sixth  month ;  and  the  tzansm 
depression  separating  the  anterior  and  posterior  paixs  is  fizat  aeen  about  tb 
seventh  month  of  intra-nterine  life. 


Fig.  734. 


J 
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Fig.  734. — Latiba&   txbv  or  n 

BMJkIS    OF    AS   KXBBTO  CAIV   OT 

ex.    (From  Bslf oor,  alker  ICk 

koTiea) 

The  ooto-  wbD  of  the  left  ksi 
sphere  i»  remored  to  show  the  h 
tenor  of  the  latenl  veatrids;  k 
cat  wall  of  the  hemis|ihere;  i 
corpus  striatmn  ;  «■»  hippoeu^i 
major ;  d,  choroid  plexasof  leaUich 
/m,  fonunen  of  Monro;  <^  «|ii 
tract ;  in,  infandibalam  ;  si^  mH 
brain  ;  cb,  cerebelfaiBi ;  rr.v,  isi 
of  fourth  ventricle  ;  ft^  poas  Vsnii 
with  fifth  nerve  and  Gsan 
ganglion. 

The  internal  geniculate  bodies  belong  to  this  division  of  the  btmiii. 

4.  The  Thalamencephalon,  Inter-brain. — It  is  from  this  part,  oonstitiiftiiig  i 
first  the  whole  and  subsequently  the  hinder  part  of  the  anterior  primary  enoephsh 
vesicle,  that  the  optic  vesicles  are  developed  in  the  earliest  period,  and  the  forqai 
is  that  in  connection  with  which  the  cerebral  hemispheres  and  aooompanjxngpul 
are  formed.  The  thalamus  opticus  of  each  side  is  formed  hj  a  lateral  thii*— '«1 
of  the  medullary  wall,  while  the  interval  between,  descending'  towards  th 
base,  constitutes  the  cavity  of  the  third  ventricle  with  its  prolongation  in  the  ii 
f undibulum.    The  grey  commissure  afterwards  stretches  across  the  ventzicoli 


■  I 


Fig.  735.  Fig.  735.— Bract   of  th«   Brxm  n 

£^  BRTO    OF    THREK     MorTKS.       NaTTU 

SIZE.  (From  KuUiker. ) 
In  1  the  view  is  from  aborv,  li 
iniper  part  of  the  cerebral  hemiipkeR 
and  mesencephalon  baring  been  n 
moved.  /,  fore  part  of  the  dinde 
wall  of  the  hemisphere  ;  f,  hind  pi 
»  of  the  same  which  becomes  the  hxjft 
campus  turned  in  ;  Cft,  corpos  striatoa 
tho^  thalamus  opticus. 

In  2  the  lower  snr&ce  is  represented 

iOy   tractus    opticus  ;    and    in   frost  <' 

this  the  olfactory  l»ulbs  and  tracts  ;  cm,  single  mass  of  the  corpora  mammiUaria  notyi 

divide<l ;  7),  i)ons  Varolii.     Tho  cerebellum  and  medulla  oblongata,  mo,  are  seen  bekia 

and  to  tlic  sides  in  l>oth  figures. 

cavity.  The  medullary  roof  of  this  part  on  the  other  hand  thins  down  rspidl? 
and  is  at  last  reduce<l  only  to  a  folded  membrane,  in  connection  with  the  pia  mMXe 
of  which  the  choroid  plexus  of  the  third  ventricle  is  formed.  The  hinder  psf 
of  tlio  roof  is  developed  by  a  peculiar  process  to  be  noticed  later  into  the  pines 
gland,  which  remains  united  on  each  side  by  it.*«  i)e<lick»s  to  the  thalamv.  sac 
boliind  tlH^Mc  a  tmnsvorse  band  is  formed  as  i)ost<jrior  commissure. 

Tlic  lamina  U»nninnlis  (lamina  cinerea)  continues  to  close  the  third  vfo^zi^ 
In  front,  below  it.  tbft  oi^Uo  commissure  forms  the  floor  of  the  ventricle.  *xw 
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fnrtlier  back  the  infimdibnlum  descends  to  bo  imifced  in  the  sella  turcica  with  the 
tifisiije)  ad  joining'  the  posterior  lobe  of  the  pituitary  bodj. 

The  two  ftptic  thalamic  formed  froin  tlie  poatorior  and  outer  part  of  the  anterior 
TOiicle,  consiat  at  first  of  a  tsingle  hollow  eoc  of  nervous  matter »  the  caTity 
of  which  cominumcates  an  each  side  in  front  with  that  of  tho  commencing 


Fig.  736w— BnAm    awo    spihai,  cord  op  a   r*KTUH    Of  Foira 

XONTBS,   BXKN  YKOM  BBHIKD.     (From  K611iki}r. ) 

hi  hemiapbenss  of  the  cerebrum ;  m,  corpora  qoadrigemlna 
or  mescticuplialon  ;  c^  eereboUum  ;  mo,  medulla  obtongato,,  the 
ftmrth  irentride  being  overlapped  by  the  ccrebellam ;  t  t,  the 
1  oonl  with  x\m  brachial  and  crural  eulargemeats. 


I 


I 


Fig,  735. 


esrobiml  hemispheres,  and  behind  with  that  of  the  middle 
cephalic  vesicle  (oorpKira  qna/lngemina).  Soon,  however, 
by  increased  deposit  taking  place  in  their  interior  behind, 
below,  and  at  the  sides,  the  thalami  become  solid,  and  at 
the  same  tune  a  cleft  or  flst^ure  api>earB  between  them  uboye, 
ajid  penetrates  dovni  to  the  internal  cavity,  which  contiiiut?s 
open  at  the  bock  part  opposite  the  entrance  of  the  Sylvian 
aqueduct.  This  cleft  or  fissure  is  the  third  rent  ride. 
Behind^  tiie  two  thalami  continue  united  by  the  po^t trior 
r&mmi$MHrr,  which  is  difitlngiLiiiihable  about  the  end  of  the 
third  month,  and  also  by  the  ptdunrlm  of  the  pineal  glsnd. 
The  4f>//  commijtturc  probably  exists  from  an  early  period^ 
although  it  could  not  be  detected  by  Tiedemann  until  the 
ointh  month. 

At  an  early  period  the  optli'  trarfu  ms,j  be  recognised  aa 
hollow  prolongations  from  the  outer  part  of  the  wall  of  the 
thnJaini  whUe  they  are  stUi  resicular.  At  the  fourth  month 
Uieee  tracts  are  distinctly  formed.  They  subscq^uently  are 
pioloiiged  backwards  into  connection  with  the  corpora 
qnadiigetnma, 

Hie  formation  of  the  pineal  gland  and  pituitary  body 
preaenta  some  of  the  most  interesting  phenomena  which  are  connected  with  the 
dffrelopment  of  the  thalameocephalon, 

Fiaaal  Gland.  Epiphysis  Ceiebri.— As  already  stated,  this  body  is  formed  by 
iA  oot-foliiing  from  the  back  |>art  of  the  inter*brain  roof,  at  a  place  where  the 
«f|»poeite  sides  remain  unit-ed  by  nervous  matter  afterwards  giving  rise  to  the 
pineal  pedunoles.  Ttiis  body  consists  at  first  in  ail  vertebrates  of  medullary  sub« 
stance  covered  by  pia  mater,  and  forms  a  median  projection  upwards,  which  in 
the  lower  tnbea  is  also  directed  forwards  in  the  form  of  a  tube  which  reaches  the 
roof  of  the  eranimn,  and  in  some  ia  united  with  or  even  passes  through  the 
cranial  walL  It  is  in  all  deeply  indented  by  vascular  folds  and  growths  of  Uie 
pla  mater.  In  mam  mala  the  original  development  of  the  pineal  gland  ia  the 
same  as  in  the  lower  tribes  ;  but  it  remains  comparatively  shorthand  its  direction 
la  backwards ;  and  though  It  is  at  first  permeated  by  epithelial  tubes,  or  sub- 
diviabms  of  the  ventricular  cavity,  it  heoomes  at  a  later  period  solid  by  the 
deposit  of  various  cellular  imd  other  materials.  The  gritty  deposit  was  found  in 
It  by  Saemmerring  at  birth. 

FituJtary  body,  Hypophyale  Cerebri,— The  general  nature  of  this  body  in 
oonnection  with  an  outgrowth  of  the  brain  on  the  one  hand  and  a  diverticulum 
of  the  alimentary  canal  on  the  other,  and  which  was  fiiat  pointed  out  by  BatJikp 
(1888,  No,  195),  has  been  already  adverted  to.  The  researches  of  W.  Milller 
(Xo.  197),  Goette  (No.  2CK>),  and  MihalkoWca  (No.  1!18),  have  fully  confirmed 
Bathke's  view,  and  lead  to  the  following  general  crmclut^ions  regarding  it. 

Tlie  infandibulum,  as  U  wvll  known,  is  a  prolongation  of  the  medullary  wall 
of  the  third  ventricle,  originally  in  continuity  with  the  epiblast;  whUe  the 
diverticulum  from  the  alimentary  canal  Is  not,  as  was  at  one  time  suppoeed,  from 
the  pharynjc,  but  friim  the  mouth,  and  it^  lining  is  therefore  continuous  with  the 
» layer  of  the  blastoderm.  This  diverticulom  is  formed  at  an  carl|  yensi^tEnm. 
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the  middle  of  the  upper  and  back  port  of  the  buccal  cavity  before  the  : 
opening  into  the  pharynx  haa  taken  place.  The  anterior  atteoTiated 
mity  of  the  notoohord  is  placed  between  the  cerebral  and  buccal  ontt 
but  it  (HM.ppear9  as  the  lower  one  extends  upwards  ami  corner  to  unite  wiA  Iki^ 
infmidibuhim,  and  then  the  notochord  ia  lost  in  the  floor  of  the  pituitary  Iooa 
with  which  both  the  outgrowths  cohere  (MihaUcovica) 


Pig.  737. 


kle 


Cli 


Mg.  7S7* — Tbktioil   stcnoir   op 
unnnrDtBtrLux  Aitn  riTctTAAT  ; 

TIOVLUM     m    TSB    lUBdtr't 

AFtrnM.  turn  opKsrino  of  thx  ficcblj 
(Prom  MihalkoTicL) 

For  the  earlier  stageaaee  fig.  705,  puKi?,  ] 
A  and  B,      bct  dorsum    wtUm ;  ifi  la^j 
fundibiilum ;     tAa,    fioor    of     '   ~ 
ceplmlon  ;     py^    pitnitury  diT 
uaw  cloaed  ;  p\    stalk  of  ofigiiitl  MB- 
niunicaUoQ  with  the  mouth ;  j  * 
ek,    notoohord    in 
p^  of  the  cranial  bttda. 

The  flask-like    oatfr^tiwtli  of   tht] 
buccal  epiblast  which  gvtem 
the  hyjwphyRis  cerebri.  La  now 
ally  shut  off  from  the  oomecn 
and  cavity  of  the  mouth  by  11m  < 
8trictiou  and  subsequent 
its  communicating    pedide. 
remainft,   howerer,   for    i 
able    time,   a  longi«h   thread    of   xmion  between  the  two.     The 
of  the  enclosed   portion   mibsequently   undergoes  development  into 
Cieca   and   oell-cordi^,   and   its   internal   cavity   beoomes   gradually   oh 
This  forms  the  anterior  part   or  lobe  of   the  pituitary  body.      Hie 
part  owes  its  origin    in   aU  vertebrate*   to  the  combination  with 
tiflsne  of  a  widened  extension  of  the  infundibular  procea*  of  the  br&in, 
thrust  in  between  the  eac  of   the  pituitary  body  and  the  dorsum  w^SHax 
nervous  structure  of  this  posterior  lobe  afterwards  disappeaiB  in  the 
animals,  but  in  the  lower  tho  posterior  lobe  retains  its  plaoe  as  a  poJt  of  tii«  I 

The  possibility  of  establishing  a  general  homology  between  rert&bnto  «d 
invertebrate  animals,  involves  important  oonsiderations  Wi  to  the  rflafioiM  of  thi 
forepart  of  the  alimentary  canal  to  the  brain.  In  a  recent  memoir  oa  tkis  m^ 
ject  (  No.  201),  Profef«or  Owen  put«  forward  the  view  that  the  *' oonaflo'^yf^* 
physial  tract; '  or  passajsfe  through  the  pitnitaiy  diveiticaltim,  tnfoadlbciliaB,  1 
ventricle  and  pineal  gland i  may  have  been  the  means  of  carrying  Uds  i 
part  of  the  alimentary  canal  from  the  ventral  or  hseraal  to  the  dorml  er  I 
aide  of  the  head  in  an  ancestral  form  of  the  vertebrate  animal,  and  that  t 
of  them  being  inverUnl)  the  several  seta  of  organs  in  the  two  gmit  diTiaioaa  ofl 
animnl  kingdom  might  he  brought  into  oorret^ponding  relative  poeitioii. 
to  the  view  taken  by  Dohm  (No,  VJ9},  the  fourth  ventricle  lathe  place  ^ 
oesophagus  maybe  supposed  to  have  pierced  the  nerroua  ring. 

5.  Prosoncephiaon,  Fore-brain. — Each  h^mijph/^rr'reMi^U  may  be^ 
to  consist  of  two  parts  :  one  of  these  is  the  part  which  from  the  interior 
aa  the  oorpmt  striatum,  and  from  the  exterior  aa  the  iahmd  of  Bidk,  at  i 
lobe ;  the  other  forms  the  ejq)ancled  or  covering  portion  of  the  " 
is  deeignated  by  Rejohert  the  nMntU.   The  Intend  Tentricles  are  plaioed  i 
between  these  parts.    The  aperture  existing  at  the  constricted  neck  of  At  f^ 
triole  where  it  expands  into  the  hemisph^es  is  the  foramen  of  IfoDtOi 

The  mrptfra  ttriata,  it  will  be  obaervedt  have  a  different  origizi  tn/m  Iteffiii 
thalaml ;  for,  whOe  the  latter  are  formed  by  thickening  of  the  i 
wall  of  a  part  of  the  fir^t  cerebral  vehicle,  and  thus  oorrespond  in 
with  the  paiU  oi  tVi^  otujci^v^^^^  behind  them»  tJae  oorp<»»  i 
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[tfiktonipgaof  the  floor  of  the  hemiBphere-vesIclee^  which  are  lateral  off-shoots 

i  the  ortg'inal  roednllaiy  tube.    On  this  ivccountt  Reichert  considers  the  bmin 

ilj  divkihle  into  the  atem,  which  compriaes  the  whole  eticephalon  forward* 

'  lo  the  tienia  Bemicircularia,  and  the  hemispheire-Teslcles,  which  inclmde  the  oor- 

liora  striata  and  hemispheres. 

The  oerehral  hemispheres  undergo  enlargement  at  an  early  period  in  mammftk^ 

Fig.  733. 


F!g.  7S8.— SiMisiioRAHitiTio  riKws  OF  Tire  nnrrE  nwKfAom  ov  thv  itio&f  oiitfftaAL 

UMMtnnMKm    Ot  THM    f<STlL    BAAIII   AT    VAMOUS     STAGES    OF    X^EVKLUPMBNT.        (ProtU 

Schmidt) 

1,  2,  and  3,  are  from  ftetoses  of  the  roflpeetiTs  a|^  of  eight,  ten,  and  aixteea  weeks ; 
4,  from  a  ftetaB  of  six  months,  ts,  l/utiinii  terminatla  or  part  of  thfs  first  primary  Tesicle 
which  iwlherea  to  tbe  iw:lUi  tarcica  ;  b,  section  of  the  cerebral  pedonde  aa  it  pa«iM»  into 
Uie  ihalamns  and  corpus  striatum  ;  tlio  arcbud  line  which  surromidfl  thig  bjundii  the  great 
ecvebial  fiaaore  ;  r,  anterior  [art  of  thu  fornix  and  the  «3ptuEU  lucidiain  ;  cf,  initer  part 
of  tlie  arch  of  the  cerebrum,  afterwards  the  hippocampus  major  and  posterior  part  of 
th%  foniiz  ;  e,  corptts  callosuni  verj  short  in  3,  elongated  backwards  iu  4  ;  in  4,  /,  the 
marsifi^  convolution  ;  f,  callooo-marginAl  fiasure  ;  y,  gyrus  fornicatua  ;  p\  tkt  parieto* 
oedpitfal  fi»ur«  descending  to  meet  tlie  calcarine  fiaGure  ;  I,  olfactory  bulb  -  F^  ?,  0,  T^ 
frontal,  paiietal,  occipital  and  tei£i|>orHl  lobca. 

md  ecpecially  in  the  human  embryo,  so  that  at  the  tenth  week  they  hare  greatly 
sorpMPod  in  «i«e  all  the  other  parta  of  the  bmin.  They  then  form  large  hollow 
hodiea  with  oomparatively  tliin  walk  superiorly,  the  hi  tern  1  ventricles  being  greatly 

Fig,  7»9.— Vi«w  or  thk  mifiR  Kg.  73». 

SVaiTACa  OF    TBI    RIftMT    HAt,9 

OF  rum  FcaTAL  brain  OV  kWOVt 
ax  MosTBf.    (Prom  lleicheri) 

F.  frontal  lobe  ;  P,  parieUl  ; 
0«  oodpitAt ;  T,  tem^^oral  ;  I, 
olCMlory  bulb;  II,  right  opilo 
acrfi  ;  /p,  caflo»o- margin  at  fk- 
SDTtt  ;  p,  external  ;  p\  internal 
pmrPt  of  the  parieto-oocipiial  fit*- 
SBit;  A,  caiearine  fissure  ;  (j,  gyrus 
ftfCBkatiia ;  e«  c,  corpus  csltoaum  ; 
#,  tcfitam  luddum ;  /,  placed 
between  the  middle  oommisiiiire 
and  the  foramen  of  Uonro ; 
r,  iQ  the  upper  part  of  the 
third  rentncle  immediately  be- 
iow  the  velum  intcrpoeitam  and 
foniK  i  tft  in  the  hftck  part  of 
ike  tbird  rentricle  below  the  pineal  i^lanJ,  and  polntiDg  by  a  line  to  the  aqueduct  cf 
SflTios  ;  v*f  in  the  lower  part  of  the  third  Tentride  above  the  iniundtbulum  ;  r,  recetsas 
jiinealis  paaaing  backwards  from  the  tela  choroidca  i  pVt  pons  VargLii ',  Ce,  Qitt%\^\\uixu 
▼Oil.  u,  'i  Ta^ 
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dUitted,  and  cotnmtmlciitm^  hj  a  wide  aperttire  with  t-Aeh  odier.  md  v^i 
third  vcntriole,  hy  the  fonunen  of  Monro.  The  g^rowth  of  the  hemispbas 
plaoe  progreHsivelj  fTOm  before  backward*,  ro  that  they  oome  to  cow  ira 
Bion  the  thalaxni,  corpora  quadng^mina  and  cerebeUnm.  which  all  odfini^ 
in  a  seriea  bt^hind  them,  os  they  do  pennanently  in  the  loweirt  Tofelm  | 
the  end  of  the  tiiird  month  the  henmpheree  hare  extended  so  far  htAm 
to  coTer  the  thalami :  at  t]ie  fourth  they  reach  the  corpora  qaadzigiBniiii;  i* 
sixth  they  cover  those  bodies  and  great  pari  of  the  eeiebellim^  b^Foed  lii 
they  project  ttill  farther  backward*  by  the  end  of  the  aeyenth  nuatit 

The  floor  especially  of  the  hemispheres  thickens  considerably,  ikd  tfci( 
Btrmtnm  Increasing  greatly  in  magnitude,  at  the  same  time  projecti  opniiii 
tlie  Iatcra.1  rentricles  so  as  to  give  tbe»e  cavities  nn  arched  form  md  nit 
their  anterior  and  descending  comna,  while  externally  the  diftiTirttm  bHI_ 
the  frontal  and  temporal  lobes  is  indicated  by  the  wide  dcpwkn  of  <^ll<l 
Sylvius.  The  floor  of  this  part  below  the  corpora  striata  beoozaei  tfe  HM 
EeiL  or  central  lube.  The  oori^i''^  striata  and  thalamic  which  are  ii  fintfiiil 
become  more  and  more  completely  united  together. 


Fig,  740.- 


-TttAMSVKaSH  flWTtOlC  THROtJail   T»l   BKAllS   Of   M,   taCSr^S  WMSm 

OM.  tit  tSNOin.     (Prom  Balfour,  after  Kdlliker.) 

Tlie  sectlan  possos  through  tbe  hemisphere*  and  third  Tentncle,     Jf.  conm' 
t/i,  optic  thatamns  ;  I,  tbircf  ventrick ;  r^,  their  diycrgence  into  the  walla  of 
phercs  ;  It  kteral  Tisntriclc  with  choroid  plexus /}2 ;  ^,  luppc»camf  us  major  ;  fi 
falx  ;  a,   orbi to-sphenoid  ;  an,   pirsphenoid  ;  p,  phaiynx ;  c/i,   Thiafmii ;  a,  opHlC 
7nm^  foramen  of  Monro  ;  5,  covering  of  lateral  ventrifiles» 


A  deep  notch  separates  the  hemispheres  above  and  poeterioclj,  bol 
they  are  nnited  together  in  the  place  of  the  original  lamina  tmninilis, 
as  farther  back  the  inner  walls  becoming  thinner  ane  muted  togetha  in 
partition  which  in  the  source  of  the  septum  Incidnm  and  the  oommisa 
llr«t  of  these  to  arLiiG  id  tbe  anterior  conimifsnre,  ^rhieh  is  ftl«o  tbe 
unite*  the  corpora  Ftriata.     The  fornix  comes  next  in  ita 
with  its  pillam  and  the  corpora  albicantia  is  at  first  single 
posterior  pillars  follow,  running  back  on  each  side  into  tlie  ooniti 
deacc^dki^  c^TTv\i\!b.   Tko.  coT\iu«  caUosom  is  last  formed,  oonnatui^  st 
ol  lis  lc>T<2  V^^i  "^^  "^^  '^CTtctAabfiTk.^^  ^Q&ft  ^fl«^'\&.XEucycucitreineB  snd 


sutador  pot,  «l 
rle  and  Vtfdiii  H 
oniti  AmiMBiii^ 
msBfldbaf  Hi  Opt  i 
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in  the  Bome  direction,  thus  forming  a  roof  for  the  subjacent  lateral  rent  rides 
and  other  porta. 

The  fifth  ventricle  in  the  fteptnni  luciduni  is  not  a  part  of  the  original  common 
rentricnlar  caritj  of  the  brain,  btit  is  formed  aeparatelj. 

At  the  lower  part  of  the  inner  walla  two  horizontal  folds  make  their  appear- 
ance below  those  of  the  forabc  and  hippocampi*  which  are  covered  by  pia  mater* 
and  which f  extending  backwanl^j  from  the  foramen  of  MonrOt  corer  in  the  third 
Tentricle  and  ocenpj  the  great  transTeroe  fissore  of  the  brain.  Tbeae  folds, 
extending  themaelTen  laterally  and  backwards,  and  becoming  more  and  more 
plicated  and  Taaciilar  at  the  edges,  gire  rise  to  the  choroid  plexus  of  the  lateral 
ventricles  and  the  relum  InterpoaitanL 

The  o^actortf  lobes  ore  ontgrowthji  from  t!)e  lower  and  lateral  parte  of  the 
«eE«ibfal  hemispheres,  being  more  immediately  connected  with  the  frontal  lobes, 
bat  extending  through  the  fissure  of  Sylrius  as  far  as  the  tempoml  or  middle 
iobea.  They  are  at  flr^^t  hollow,  and  in  f^mc  animalM  their  cavity  is  in  permanent 
oommtmicatlon  with  the  lateral  ventricles*  In  man  they  become  9olid  at  an 
«arly  period. 

I^evelopmofnt  of  the  Convolutiona  and  Sulci. — Adopting  the  distinction  of 
the  convolutions  tind  tmlci  of  the  cerebral  hemispheres  as  of  two  kinds,  vhs., 
''  primitive  *'  and ''  Hccondary,"'  acoor^jug  as  the  former  result  from  a  foidinip  of 

Fig.  741. 


Pig,  74L*-The  SuarJiOB  of  Ttt«  Poctal  Braix  at  $tx  Mouths.     (Prom  H.  Wagner) 

This  figure  in  iatended  to  ihov  the  conuaeaccment  of  the  formation  of  the  priacipiJ 
inns  and  conTohilions.  A,  frow  aboro ;  B,  from  the  left  side.  F,  fwnUl  lobe  ;  P, 
fiaritfla]  ;  O,  occipital  ;  T,  temporal ;  fl,  a,  a,  slight  appearance  of  the  several  froaUl 
coDToJatioa* ;  #,  the  Sylriua  fiware  ;  /,  its  anterior  division  ;  within  it,  C,  the  central 
lobe  0(r  eonvolutiua*  of  the   ittliuid  ;   r,  fia&are  of  EoUmdo ;  p,  the  parieto-oedpital 


the  wholt  anhatance  of  the  wall  of  the  hemisphere,  while  the  latter  oonai^  merely 
of  depr^Miona  and  elevations  of  it^  more  superficial  portion,  it  may  be  stated, 
with  napect  to  their  development,  that  the  first  of  the  primitive  auld  to  af^tear  Li 
the  fiasoTB  of  Sylviim,  which  it)  visible  before  the  end  of  the  thud  month  (Ecker) 
m  a  wide  shallow  «lcpre«sion  or  fossa  between  the  anterior  and  middle  lobe  of 
c*ch  hemisphere.  Of  the  remaining  primitive  salui^  the  hippocampal  or  dentate, 
the  parieto*oocipital  and  the  calcanne,  also  begin  to  appear  during  the  third 
viODth,  and  by  the  end  of  the  fifth  month  are  well  established. 

The  secondary  »nloi  liegin  to  appear  about  the  fifth  or  sixth  month  ;  the  first 
of  these  to  be  seen  is  the  mlcus  oentralix,  or  fiaaure  of  Rolando.  By  the  end  of 
the  rixth  month  the  trausvurHe  frontal  and  inferior  frontal  furrows  have  appeared 
on  the  otherwise  smooth  surface  of  the  frontal  lobe,  and  at  about  the  same  time 
the  ti^t  indications  of  the  intraparietal  fiaeture,  with  its  continuation  on  thsi 
oooipital  lobe  ae  the  superior  occipital  furrow,  the  poialieL^  tiho  cftiiioM^-tnax^Ew&xk^. 

^  11  ^ 
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and  oolliiteral  fiasnrea  become  visible  on  the  outer  and  umer  Mvp^ctv  of  tlie  ] 
Bpher^.    The  lower  surface  now  RbowB  &  slight  tnboe  of  the  txifeiior 
furrow  I  and  the  fissure  of  Sjlviua^  which  wsja  at  first  a  wide  fot«a«  ai  tUb  | 
begina  to  do^e  in,  espedallj  at  its  hinder  portion,  an  indicatioii  of  Its 
division  beooming  now  visible. 

By  the  end  of  the  seventh  month  nearly  all  the  chief  f eatnrofl  of  the  i 
convolutions  and  sulci  have  appeared.    The  superior  frontal  Qmnre  can 
seen,  and  the  three  frontal  convolntioiifl  are  weD  marked.    The  fiamreol  I 
has  incr eased  ia  Iciig'th  and  depth.    AVliile  the  sulci  that  have 
e|ioken  of  are  bocoining  bettor  rnarkecl,  the  transvcriio  occipital  appetts^ 
Qrat  time.    Within  the  fieeure  of  Sylriua,  which  ha£  now  a  trian^fnlar 
depreaoiona  are  seen,  the  anterior  bounding  a  prolongation  of  the  olf 
the  posterior  dividing  the  greater  portion  of  the  floor  of  the  fisBttre 
and  hind  part.  The  island  of  Heil  shows  three  convolntiona  divided  hy  \ 
SQJUma  insuliQ  primus.     The   auki  visible  on   the  undeT  surface  of 
spheres  are  still  f<iw  and  indistinct.     Indications  are  found  of  a  branched^ 
sulcus,  and  of  the  olfactory  sulcus,  in  which  lie  the  olfoctorj  bulb  and  trad 
middle  temporal  convolution,  and  the  uncus  and  gyras  hippocampi^  have  ] 
beoome  fairly  prominent. 

During  the  eighth  month  a  farrow  appears  behind  the  fiasnra  of 
parallel  to  it,  and  joining  the  intraparietal.    This  is  the  sulcus 
Ecker.    The  transverse  occipital  furrow  now  becomes  very  distinct,  and  ^ 
intraparietal  farther  back.    The  last  fissures  to  appear  are  the  inferior 
temporal  and  a  small  furrow  crossing  the  end  of  the  calloeo-marginaL     (€ 
Nob.  2B,  1£K),  and  191.), 

n.  thu  xtbrvub. 

Very  little  was  knovm  till  lately  of  the  exact  mode  of  origm  of  i 
iieriplieral  nerves,  and  it  was  generally  supposed  that  thej  wem  " 

Fig.  7l2.^TajLii8vxx8a  sccnoir  Tiuocrott  m  i 
Of  AB  £M aaro  sauta,  to  aaow  tUM  asusaa  i 
(From  Balfour.) 

nr,  neural  canal ;  pr,  poitenor  tnol  of  tfiiaal  ^ 
3%  sab-aoiocherdal  nid ;  ao^  aorta ;  je,  |iar' 
blast ;  «p,  visceral  laeMtblaat ;  mj^^  mtiacU  ] 
puiiioQ  of    modcle  plate  ooaverted  into 
portion  of  the  vertebnd  plate  which  will  give  istt  tail 
vertehrftl  bodies ;  a/,  alimenUry  caoaL 

as  held  by  Remak,  in  more  or  Urn 

connection    with  the    parta  of 

orit^'in  in  which  they  were  difltribut 

only  known  fact  inoon&istent  witli 

was  that  the  anterior  or  motor  rooti  of 

spinal  nerves  had  been  found  to  bad  ocH  I 

the  ventral  side  of  the  spinal   oonL    Tb 

recent  researches  especially  of  Hia,  Bilfoir, 

and   Marshall,  Kolhkcr,  Uensen  and  oCbA 

have  thrown  quite  a  now  light  on  this  sabject,  and  liavc  ibowti  tbift  J 

the  peripheral  nerves,  oerebro-spiual  and  sympatljetie,  with  lheir|, 

emanate  originally  from  the  primary  brain  and  spinal  Diairow,  UM I 

have  therefore  qji  epiblastic  origin,  and  tliat  they  spread  more  or  1 

thenoe  into  the  diflerent  parts  of  tlie  Ijody.   (See  N»J8,  28  and  SOtf — 3 

Spinal  ITervea — Following  the  description  of  their  origin  £nnal 
Balfour  and  MarRliiiU,  it  may  be  stated  that  the  ixx«iteri<>r  Tooigk  <if  th^^  i 
\  and  mo&t  ^i  Ui^  oxvimalmicves^  mth  their  respective  ga»gliji»  i 
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are  fonncd  liefore  ttie  anterior  roots,  proceed  from  a  series  of  cellular 
swellings,  cfnisti tilting  the  neural  crest,  which  are  in  continuity  with  the 
medullary  plates  close  to  the  place  of  inflection  of  the  epihlast  into  the 
inx'oliition  which  forms  the  primary  brain  and  spinal  cord.  These  root 
swellings  are  in  some  animals  connected  together  by  a  longitudinal  band 
or  commies u re.  In  the  primitive  projections  there  are  &oon  distibptiished 
a  narrower  first  part  or  root,  then  a  thicker  part,  the  pfanglion,  and 
ftirther  down  a  part  of  the  nerve  extending  beyond  it.  The  root  origi* 
naUT  connected  with  the  upper  part  of  the  medullar)-  wall  close  to  the 
meman  line  i>lipH  down,  as  it  were,  upon  the  side,  and  ia  subsequently 

Fig.  743.— SwrnoK  thrwuoh  ^  ^^^ 

THB    IKJRSIL    PAKt    OP    TBI 
tRtriTE   or   A    TOUPKW)    XM- 

mMYO,     (Fn)m  IWfour. ) 

pr,  pcwterior  root  of  npinal 
nnre ;  jf,  sptnid  ganglion  ; 
%  nerve  ;  ar,  anterior  root  ; 
ek,  uotochord ;  iir,  neural 
GSoaJ ;  mpf  mmclo^plftte, 

mnited  laterally  with  the 
f  mwiullary  wall  at  a  lower 

place,  leaving  the  upper 
I  ^d  of  the  root  for  a  time 

Apporentlr  free.      This 

prooen   begins   in    the 

obick  at  the  end  of  the 

oeoond  day,  and  io  the 

embryo  of  the  rabbit  on 

the  ninth  day. 

The  anterior  roots  of 

the  spinal  nerves  are  alao 

ontgrowthH  trom  the  medullary  wall    They  begin  to  appear  B<»iiewliil 

later  than  the  posterior  roots,  as  projections  from  it«  vi^utml  dde,  and 

extending  from  thence  outwarda,  come  to  join  the  nerve  which  emanates 

trom  the  ganglion  of  the  posterior  root ;  and  from  this  point  the  com- 

¥3und  nerve  grows  towards  the  periphery  or  region  of  its  distribution, 
he  place  at  which  the  anterior  ixicjta  spring  from  the  spinal  cord  is 
not  opposite  to  the  corrc^sptinding  posterior  root,  but  midway  between 
that  root  and  the  succeeding  one.  Both  roots  and  ganglion  have  at  first 
a  cellular  structure,  and  their  fibres  are  of  later  origin,  the  ceils  l>eing 
largest  in  the  gjmglion,  and  the  fibres  apj>earing  earlier  in  the  anterior 
than  in  the  msterior  roots. 

Cranial  jf  ©rvea,— Most  of  the  cranial  nerves,  viz.,  the  olfactory,  the 
Srd,  5th,  and  7th,  tlie  auditory^  the  glossopharyngeal,  and  the  vagus, 
arise  from  a  neural  crest  in  a  manner  analogous  to  the  spinal  posterior 
rootfi ;  and  in  the  chick  the  ridge  from  which  some  of  tliem  spring  is 
perceptible  even  before  the  closure  of  the  medullary  canal  at  its  dorsal 
lip  of  infic'ctiou  (Mai^hiill) ;  and  as  it  is  more  immediately  attached  to 
the  medullary  than  to  tljc  epidermal  part  of  the  epiblaat,  the  cranial 
nerve-roots  may  Ijc  regarded  a«  taking  their  origin  from  the  mdimentaiy 
brain. 

The  cerebral  neural  crest  is  continuous  witU  tVivxl  ol  W^fc  ^vcsaX 
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marrow.  It  extends  to  the  roof  of  the  mid-brain,  and  there  is  the  sam 
shifting  downwards  of  the  attachment  of  the  roots  to  the  neural  era 
as  in  the  spinal  neiTes.  In  most  of  the  nerves  it  has  been  observei 
that  a  subdivision  occors  into  portions  representing  a  root,  a  ganglioi 
and  a  peripheral  nerve-trunk.  The  chan^  of  the  plaoe  of  attachineii 
is  most  remarkable  in  the  case  of  the  thira  nerve,  wnich  is  carried  doir 
quite  to  the  lower  surface  of  the  mid-brain. 

The  sixth  and  the  twelfth  (or  hypoglossal)  nerves  may  arise,  accordm 
to  Marshall,  as  motor  or  lower  roots  of  certain  of  the  other  nerves ;  bo 

Fig.  7ii. 


Fig.  744. — Tbahstkbsk  sbctioh  throuqh  the  postkrioe  part  of  ths  hkad  or  as 
XMBETO  CHICK  OF  SO  HOUBS.     (From  Balfour. ) 
hbf  hind-brain  ;  vff^  vagiiB  nerve  ;  ep,  epiblast ;  ch,  notochonl  ;  r,  snb-notocltorda]  r?e 
al,  throat ;  kt^  heart ;  pp,  body-cavity  ;  90,  parietal  meaoblast ;  »f,  TiaoenJ  meioblait 
Ay,  hypoblast. 

the  mode  of  origin  of  these  two  nerves,  as  well  as  of  the  fourth,  has  nc 
yet  been  fully  ascertained,  and  Balfour  doubts  whether  the  cranial  ncrrt 
before  described  as  arising  dorsally  from  a  neural  ridge  or  crest,  are,  lii 
the  dorsal  roots  of  the  spinal  ner^'es,  exclusively  sensory.  Si)me  of  then 
he  holds,  are  undoubtedly  mixed,  and  all  of  them  may  be  so.    (No.  t.^h 

The  olfactory  nerve  is  certainly  an  ont.gTOwth  from  the  fore-brain  :  bnt  wbech 
from  an  extension  forwards  of  the  neural  creet  or  not  is  still  doabtfuL  In  tl 
olfactory  nerve  of  mammalian  embryoes,  A.  Fraser  has  observed  the  root  gaaglii 
and  two  main  divisions  of  the  nerve  forking  over  the  nasal  pit  (see  fi^.  74^^ 

The  origin  of  the  Optic  nerve  and  retina  from  the  primitive  mednllAxy  fa 
brain  (as  will  be  shown  later)  is  different  from  that  of  all  other  nerrea. 

The  fifth  nerve,  shortly  after  its  origin  in  connection  with  a  neural  craft  U 
the  rest,  undergoes  the  shifting  change  of  position,  and  is  united  to  the  ro 
ment  of  the  large  Gasserian  ganglion.  Of  its  three  principal  branchf«  t 
inferior  maxillary  belongs  to  the  mandibular  arch,  in  the  hinder  part  of  whir 
it  is  placed.  It*  ophthalmic  and  superior  maxillary  divisions  are  premandilnfa 
and  according  to  Balfour  probably  belong  to  face-arches  in  that  ntoatioiL  T 
superior  and  inferior  maxillary  divisions  fork  over  the  cleft  of  the  mouth,  whi 
the  ophthalmic  htojich  ia  connected  with  the  third  nerve  in  the  ciliary  gan^liu 
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The  faoial  and  auditoiy  nerves  appear  to  have  a  common  origin.  The  main 
deBtination  of  the  facial,  as  seen  at  an  early  period,  is  the  hjoid  arch,  bnt  it  also 
Hnda  forward  a  branch  which  is  very  large  in  young  embryoes,  forks  over  the 
hjo-mandibolar  deft,  and  joins  the  inferior  maxillary  of  the  fifth  in  the  mandi- 
Imlar  aroh  as  the  chorda  tympani  of  mammals.    Besides  this,  two  other  branches 

Fig.  746. 


Fig.  746. — OuTLm  diaoeim  of  thk  head  op  a  mammalian  cvbrto,  oo«Ri8Poin>nro 

TO  A   human    XMBETO   OF    KIOHT    WBKKS,    SHOWING    THK    RELATION   OF   80MB  OF  THI 
FRDraPAL    CRANIAL    NBRVIS    TO    THE    VI8CKRAL    ARCHES    AND   THE    DBTELOPXEITT    07 

THI  omicuLA  AUDITUS.     (After  A.  Fraser,  A.T.) 

c;  Cerebral  hemispheres;  th,  thalamencephalon ;  m,  midbrain;  cb,  cerebellam;  mo, 
madnlla  oblongata ;  o,  eye ;  /,  olfactory  ganglion  and  nerves  pasHJng  to  nasal  cleft ;  ///, 
tlurd  nerve ;  V,  fifth  nerve  with  Gasserian  ganglion  and  its  three  branches ;  VII,  facial 
Berve  ;  et,  its  chorda  tjmpani  branch  ;  K/7/,  the  auditory  nerve  ;  /X,  glossopharyngeal 
Bcrve  forking  over  the  second  postoral  cleft ;  JT,  vagus ;  /,  lachrymal  cleft ;  mjr,  maxillary 
avefa  ;  m,  mouth  with  indication  of  tongue ;  mn,  mandibular  cartilage  with  malleus  form- 
ing in  its  proximal  part ;  i,  incus  forming  in  the  second  cartilaginous  arch  ;  t,  indication 
of  the  lower  part  of  tympanic  ring ;  au^  the  auditory  capsule,  semicircular  canals,  kc  ; 
kw,  byoidean  cartilage :  thy,  thyro-hyoidean  cartilage ;  1 ,  2,  3  and  4,  indicate  the  places 
eC  the  postoral  clefts  which  are  now  closed ;  &,  aortic  bulb ;  v,  ventricles  of  the  heart;  a, 
kft  auricle. 


proceed  forward  from  the  facial,  which  are  proportionally  large  in  the  embryo, 
TiL,  the  superficial  ophthalmic  and  the  palatine  (or  Bui)erficial  petrosal),  which 
ue  respectively  associated  with  the  ophthalmic  and  6uiM:rior  maxillary  divisions  of 
the  fifth  nenre. 
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The  aoditoiy  nerve,  which  prooeeds  at  once  to  join  the  lahjiinth  of  the  cv. 
has  a  ganglion  developed  upon  it  at  a  very  early  period. 

The  glosso-pharyngeal  nerve  is  connected  with  the  third  visceral  or  fiat  tne 
branchial  arch,  and  in  the  lower  vertebrates  the  pneomo-gastric  or  Tagni  it  dii- 
tribnted  to  this  and  the  branchial  arches  which  follow  in  whatever  number  ihaj 
may  be.  These  nerves  have  in  the  chick  a  common  origin  from  the  dooil 
nenral  crest  of  the  after-brain,  but,  like  the  other  nerves  previously  mentjoned. 
they  afterwards  shift  downwards  so  as  to  be  placed  on  the  sides. 

According  to  Balfour  some  of  the  cranial  nerves,  such  as  the  thizd,  fifth  and 
facial,  besides  the  glossopharyngeal  and  vagus,  may  be  held  to  bear  dellnfte  ids- 
tions  to  mesoblastic  somites  or  muscle  plates  of  the  head,  each  being  placed 
immediately  behind  the  head-cavity  of  its  respective  somite.  As  stated  bj  Pfeite. 
this  relation  is  the  following.  Each  of  these  nerves  divides  or  focks  abofes 
visceral  cleft,  one  division  going  to  the  posterior  face  of  the  arch  in  front  of  the 
cleft,  the  other  to  the  anterior  face  of  the  arch  behind  it. 


Fis    746. 


Fig.  746.  — LoKQiTUDiKiJ.  vamnoAL 

PART  or  THE  BODT-WALL  OF  AH  BLASMOBmAICB  II- 
BRTO  SHOWINQ  TWO  SPIIAL  HIVKS  AMD  TBI  STI- 
PATHETIO     QAiaLIA     BILOHOIHO     TO     THEMm        (FrB 

Balfour.) 

or,  anterior  root ;   pr,  posterior  root ;  ty.^,  i{jB- 
pathetic  ganglion  ;  mp,  part  of  mnseolar  plate. 


The  orbito-nasal  and  the  palatine  divisions  of 
the  trigeminus  belong  to  an  anterior  ardit  ^ 
former  above,  the  latter  below  the  optic  nerre. 
^^^jfa  ^®  superior  maxillaxy  division  follows  the  palato- 

^'^  pterygoid  arch,  the  inferior  nuudllaiy  nerve  ac^ 

companies  the  mandibular  arch. 

The  facial  nerve  divides  above  the  hyo-mandibular  cleft,  its  anterior  psrt 
(chorda  tympani)  going  to  the  posterior  side  of  the  mandibular  aroh,  and  in 
posterior  part  to  the  outer  or  anterior  side  of  the  hyoid  arch. 

The  glosso-phaiyngeal  nerve,  by  a  similar  division,  goes  by  its  anterior  brudi 
to  the  posterior  side  of  the  hyoid  arch,  and  by  its  otiier  division  to  the  front  of 
the  first  branchial  or  thyro-hyoid  arch. 

In  the  higher  animals  the  pneumo-gastric  nerve  shoe's  no  close  relation  to  thr 
clefts,  but  in  branchiate  vertebrates  it  forks  over  the  remaining  gill  clefts  aad 
supplies  branches  to  the  gill  arches. 


Sympathetic  Veweu — It  has  been  ascertained  by  Balfour  that  th- 

sympathetic  ganglia  and  nerves  arise  in  connection  with  the  gangliated 
roots  of  the  cranial  and  spinal  nerves,  and  they  may  therefore  he  KgstM 
as  springing  from  the  same  neuro-epiblastic  source.  This  fact  has  been 
confirmed  for  birds  and  mammals  by  Schenk  and  Binlsell  (So.  207). 

The  gangliated  cord  of  the  sympathetic  has  been  described  and 
figured  by  KoUiker  in  the  human  foetus  of  eight  or  ten  lines  long.  The 
l>cripheral  sympathetic  nerves  are  also  formed  at  a  very  early  periwl 
and  arc  perceptible  in  a  fa»tus  of  three  months. 

The  Suprarenal  Bodies.— The  belief  of  a  relation  subsisting  between  thesnpia- 
renal  Ixxiies  and  the  symjiathetic  ganglia  of  the  nervous  system  seems  to  hare 
originated  with  Bergmann  in  1839.  and  to  have  received  confirmation  on  embtyo- 
logical  grounds  from  Kemak  in  1847,  who  called  these  bodies  **  nerve  gland*.'*  It 
has,  in  fact,  been  long  known  that  they  have  not  any  connection  either  by  thair 
origin  or  their  permanent  structural  relations  with  the  Wolffian  bodies  or  with  the 
kidneys.  Leydig  showed  ( 1 8 ')3)  that  in  the  adult  plagiostomee.  ganoids  and  reptiles 
the  organs  which  represent  the  suprarenal  bodies  of  the  higher  animals  oonaiftof 
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two  eepaiate  sets  of  parts,  of  which  one  is  intimately  associated  with  the  eympa- 
thetic  ganglia  and  contains  ganglionic  cells,  while  the  other  is  of  a  different 
natnze.  Kolliker*s  observations  in  the  human  embiyo  (No.  28,  L  p.  618)  gave 
further  support  to  the  view  of  the  nervous  nature  and  origin  of  these  bodies ; 
and  more  recently  the  researches  of  Balfour  in  elasmobranchs.  Braun  in  reptilee 
and  Bmnn  in  birds,  have  led  the  first  of  these  authors  to  state  confidently  the 
general  view  that  while  in  elasmobranchs  and  some  others  of  the  lower  verte- 
brates (No.  32,  VoL  IL  pp.  548-9)  the  suprarenal  bodies  consist  of  two  distinct  parts. 
Til.,  one  median  and  single  which  he  proposes  to  call "  interrenal "  of  mesoblastio 
oii^,  and  the  other  paired  and  derived  from  the  sympathetic  ganglia,  in  the 
amniota  these  two  sets  of  parts  are  combined  in  the  paired  organs  which  oonsti- 
tate  the  compound  suprarenal  bodies.  The  development  of  these  two  sets  of 
parti  is,  however,  distinct ;  that  derived  from  the  mesoblast  being  converted  into 
the  cortical  part,  and  the  substance  which  proceeds  from  the  ganglia  being 
enclosed  within  the  first  in  the  course  of  their  development. 

Hie  development  of  the  suprarenal  bodies  of  mammalia  has  very  recently  been 
made  the  subject  of  investigation  by  Mitsukuri  (No.  212)  in  the  rabbit  and 
rat,  the  result  of  which  fuUy  confirms  Balfour*s  views,  and  shows  that  in  these 
animals  the  medullary  part  of  the  suprarenal  bodies  arises  by  development  from 
the  sympathetic  ganglia  of  the  abdomen  lying  below  the  aorta,  that  the  cortical 
substance  is  of  a  totally  different  nature  and  of  mesoblastio  origin,  and  that  the 
two  aets  of  parts  are  gradually  combined  in  the  course  of  their  formation.  The 
medullary  or  nervous  substance  is  at  first  situated  outside  the  cortical  or  meso* 
Uastio  element,  but  gradually  insinuates  itself  into  the  interior,  retaining,  how- 
ever, some  connection  with  the  neighbouring  ganglia.  In  the  lower  vertebrates, 
as  akeady  stated,  this  combination  has  not  taJken  place,  the  two  oomponents  of 
the  nqffwenal  bodies  remaining  distinct  and  separate. 

lU.   FBINCIPAIi   0BCIAN8  OF   SBMSB: 
I.  THE   ETEb 

Primary  Development, — ^The  embryonic  stnictures  forming  the  eyeball 
and  its  contents  may  be  considered  as  proceeding  from  three  somceSy 
viz.,  1st,  by  evolution  or  expansion  from  the  medullary  wall  of  the  thala- 
menoephalon,  giWng  rise  to  the  retina  in  its  nervous  and  pigmental 
structure  and  to  the  optic  nerve  ;  2nd,  by  involution  and  development 
of  a  pert  of  the  cuticular  cpiblast,  forming  the  foundation  of  the  lens  and 
the  epithelium  of  the  conjunctiva ;  and  3ra,  by  the  intrusion  of  mesoblastio 
elements  between  and  around  the  other  parts,  so  as  to  furnish  the  materials 
out  of  which  are  formed  the  external  coverings  of  the  eyebaU,  cornea 
and  sclerotic,  the  fibrous  and  vascular  choroid,  the  ciliary  apparatus  and 
irifly  the  capsule  of  the  lens  and  the  capsulo-pupillury  membrane,  the 
vitreous  humour,  and  all  the  fibrous  and  vascular  parts  of  the  organ. 

The  very  early  formation  of  the  primary  optic  vesicles  has  been 
already  mentioned,  p.  823.  The  bulging  wall  of  the  anterior  primary 
vesicle  which  is  thus  projected  outwards  on  each  side  gives  rise,  by  the 
subsequent  folding  and  changes  which  occur  in  it,  to  the  nervous  part 
of  the  eye,  viz.,  the  retina  and  optic  nerve,  together  with  the  pig- 
mental layer  which  comes  to  lie  external  to  the  retina.  This  folding 
takes  place  simultaneously  with  the  development  of  the  crystalline  lens, 
which  is  the  product  of  an  involution  of  the  cuticle  or  epil)ia8t  occ*urring 
on  the  outside  of  each  primary  optic  vesicle.  During  the  involution  and 
enlargement  of  the  lens,  the  wall  of  the  priniar}'  optic  vesicle  comes  to 
be  depressed  and  doubled  in  upon  itself,  so  as  to  fnrni  a  cup-like  hollow 
towanls  the  exterior,  the  secondary  optic  vesicle,  into  whic-h  the  lens  is 
received,  but  without  filling  entirely  its  cavity.  The  outer  plate  or 
involuted  portion  of  this  cup  or  secondary  optic  vesicle  Ijecomes  b^ 
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ite  farther  development  and  histological  differentiation  the  nenrons  pa 
of  the  retina,  while  the  remaining  inner  or  proximal  plate  is  convert* 
into  its  pigmental  lajer^  and  the  stalk  becomes  the  optic  nerve  in  ooi 
nection  with  the  brain. 


Fig.  747. 


Fig.  748. 


Fig.  747. — SionoN  thsouoh  the  fbort  past  ov  ths  hbad  ov  a 

(Prom  Balfonr.) 
al,  alimentary  tract ;  th,  Uudamencephalon  ;  I,  lens  of  the  eye ;  op.v,  the  optic 

Fig.  748.— Fbohtal  sictiok  throuoh  thx  hsad  or  ax  xmbxto  chick  ov  S  fim 

▲hd  6  HOURS.      (From  Eolliker.)    1p 
o,  stalk  of  the  ocular  vesicle  in  connection  with  the  thaUmenoephalon ;  p,  pranai 
end  df  distal  wall  of  secondary  ocular  vesicle ;  /,  lens  ;  g,  vitreous  body. 

The  transition  at  the  line  of  inflection  from  the  thick  neryons  part  t 
the  thin  pigmental  part  is  quite  sudden,  and  as  soon  as  pi^nnent  cell 
b^in  to  be  developed  a  very  marked  distinction  is  perceptible  bet^-cfl 
the  latter  and  the  nervous  structure  of  the  retina.     These  cells  wer 

4  p  ^,  Fig.  749.— Sktioh  of   to  odi 

xsKcnro  ete  of  as  khbsto  c 
THREE  STAGES.  (From&eBsk.) 

A,  commencement  of  the  fonu 
tion  of  the  lens  /,  by  depreanuaof- 
part  of  C,  the  corneous  lajer ;  ;f 
the  primitive  ocular  vehicle  s^"* 
doubled  back  on  itself  by  tbede 
pression  of  the  commencing  lem^ 

B,  the  lens  depression  enckse^ 
and  the  lens  beginning  to  be  formed  in  the  inner  side,  the  optic  vesicle  more  folded  fasc< 

C,  a  third  sta^e,  in  which  the  secondary  optic  vesicle,  r,  begins  to  be  formed. 

formerly  regarded  as  a  part  of  the  choroid  membrane,  but  they  are  b«*' 
looked  upon  as  belonging  rather  to  the  retina, — a  view  which  is  full] 
warranted  by  the  mode  of  development  now  descrilxHl. 

The  fold  which  produces  the  optic  cup  proceeds  from  above  domi 
wards,  and  surrounds  the  leiis  so  as  to  appear  to  enclose  it,  but  leave 
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for  a  time  an  aperture  or  depression  lx»low.  Tliia  is  the  choroidal 
fold  or  fissure,  whicli  may  easily  be  distinguished  in  the  embryo-head 
after  pigment  has  been  deposited,  from  the  circumstantKj  tliat  the  i)ig- 
ment  is  absent  from  tlie  cleft,  which  thus  appears  for  a  time  as  a  broad 
white  line,  particularly  obvious  in  the  embryo  bird,  running  from  the 
ciicmnference  in  upon  the  lens. 

Fig:    750. — Dxaqrammatio   skbtch    or    ▲ 

TSftTKCAL  LOHQITDDINAL  SECTIO!!   THRODOH 
ma     STEBALL    OP     k     HDMA5     rOETUS    OF 

lOUB  WUX8.     (After  KuUiker.)    >V". 

The  aectioQ  is  a  littlo  to  the  sido  so  as  to 
passing  tbroagh  the  ocular  cleft     c, 
Datide,    where    it    later    covers    the 
/,    the    lens ;     op,    optic    nenre 
,  1^  the  pedicle  of  the  primary  optic 
;   fp,   primary  meduUiury  cavity  of 
optie  Tesicle ;  p,  the  pigment-layer  of 
onter-waU ;  r,   the    inner    wall    form- 
the  retina;  r«,  secondary  optic  vesicle 
the  rudiment   of    the  vitreous 
kvmonr. 

The  lens  is  developed  in  the  part  of  the  cuticle  opposite  to  the  most 
projecting  part  of  the  primary  optic  vesicle,  or  at  tne  place  where  this 
T€8icle  comes  in  contact  with  the  surface  of  the  head,  in  this  situation 
ihere  is  seen  from  a  very  early  period  a  thickening  of  the  epiblast,  which 
seems  to  reside  chiefly  in  its  deeper  layer  of  cells,  and  in  birds  and 
mammals  it  would  appear  that  an  actual  involution  of  the  cuticle  takes 

Fig.   751. — HORIXOKTAL  SECTION  THROUOH   THE  ETK 
or  AS!  BMBBTO  RABBIT  OF  TWELVE  DATS  ▲91)  SIX 

HOVBSL     7*     (Prom  Kolliker. ) 

o,  sialk  of  the  ocular  vesicle  with  vide  cavity  ;  V, 
rBnudns  of  the  cavity  of  the  primitive  ocular  vesicle  ; 
^  proximal  lamella  of  the  secondary  vesicle  (pig- 
mentnm  nigrum) ;  r,  distal  lamella  (retina) ;  (i^ 
Titiwnis  body ;  /,  lens  vesicle,  widely  open  at  ol ; 
T^  p^pillar  elevation  in  the  bottom  of  the  lens  vesicle 
whieh  forms  the  lens ;  m,  with  v,  an  annular  vessel 
at  tlie  anterior  border  of  the  secondary  vesicle  ;  f  , 
•pibJart. 

plaoe,  so  that  first  an  open  follicle  and  next 

an   enclosed  ball  of   cuticle    is  formed. 

AlthoQgh,  however,  both  the  corneous  and 

the  deeper  layer  (sensory  of  Strieker)  of 

the  cuticle  are  enclosed,  il  is  only  the  cells 

of  the  deeper  layer  which  undergo  develo]>- 

ment  into  the  fibres  of  the  lens.    Tlie 

external  cuticle  separating  from  the  ball  of  the  lens,  passes  freely  over  its 

surface,  and  a  cavity  filled  with  loose  cells  exists  for  a  time  within  the 

lens.    Then  the  cells  of  the  hinder  or  inner  wall  are  seen  to  rise  from  the 

bottom  by  their  elongation,  and  thus  a  rapid  growth  of  fi])res  from  that 

side  of  the  lens  takes  place,  while  the  anterior  or  outer  wall  undergoes  no 

similar  change,  but  retains  its  simply  cellular  structure.     Figures  751 

and  752  show  snflBcicntij  clearly  the  manner  in  Y(Vac\x  \}t!iKi  &t^  ^Sosa 
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developed  from  cells  rise  from  the  bottom  of  the  lens  ball  and 
constitute  its  sol  id  part. 

The  optic  cup  rewives  the  enlarging  lens  in  its  anterior  and  1 
npenin|,%  and  the  rclieeted   margins  of   the  cup   closely  embrace 
margin  of  the  lens  t   but  there  soon  comes  to  be  a  oonsiderable  Bpace  i 
ter\'ening  between  the  lens  and  the  hollow  of  the  optic  cup  (or  seoondaq 
vesicle),  which  is  later  occupied  by  the  dtreoim  humour.    Into  this  i 


Fi^%  7r>2. 


Fig.   752* — KtK   of   AK   SMBRT9  ; 

or   14   DATS;    itojiuojrTAS. 
\\     (From  KfilUkcr, ) 

0,  optic  uerre ;  p,  pigi««tiiain 
rmn  ;  r^  retina ;  g,  ritrrouA  body,  vh 
by  its  contrftction  hju  left  m  vpac«  U^ 
it ;  I,  posterior  thick  wall  of  tJhe  laH 
vesicle,  or  rudiment  of  the  Jeai ;  k 
juitcrior  thin  wall  or  lens  epit&elifln 
an^l  Itctwcen  tliem  the  hoUoir  of  tJk 
hns  Tesicle  ;  m,  mesodenn  sorrowBdii^ 
the  fiecondaiy  ocular  veside,  ao  meknUk 
or  choroid  3ret  formed  ;  m\  oooafldia 
of  this  with  the  vitreoaa  bodj ;  m' 
thin  layer  of  muoderm  in  fitmt  ol  tlk 
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hnB  or  rudiment  of  the  eoroea  m 
liupillary  membrane  ;  e,  portioa  of  M 
cpiiheliimi  of  the  front  of  the  ejeu     ■ 

c^»nnective  tiffiue  and  Uooi 
vessels  develop^  from  maO' 
blastic    elements  are  projectid 

from  below,  bo  as  to  furnish  the  materials  for  the  formation  of  tli 
^^t^eous  humour  and  the  blood-vessels  which  pass  through  it  to 
lens,  and  also  U^  surrotind  the  lens  with  vascular  and  fibnms  ele 
out  of  which  are  pri>duced  the  mpsuio-pupiilary  membranf^  i 
l:iably  also  the  capsule  of  the  lens.     It  results  from  the  ob 
of  Licl)erkuhn  (No,  216)  that  in  mammals  the  fold  which  pr<*du«s1 
ocular  cop  or  secondary  vesicle  runs  back  int<>  the  stalk  aj  as  to  f  '* 
the  optic  nerve  for  a  considemUe  space,  and  by  the  simoltaneoos  enc 
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Fig.  753. — TEAxsvEBsB  rimTiCAL  sscnox  Of  ' 

ETKB^LL   OF    1    HFlfAir    SMBMTO  OP   fOVA ! 

{From  Kolliler).     »f^. 

The  Anterior  hidf  of  the  «e«tioii  ia  i 
2>r,  the  remains  of  the  cavity  of  the  pi 
vesicle  ;  p,   the  injected  part  of  the 
forming  the  retinal  pigment  ;  r«  th^thic 
Ijart  giving  rise  to  the  oolnmnar  %aA  < 
tures  of  the  retina  ;  v,  the  Ma 
humour  within  the  aeocnidary  optio  i 
ocular  cleft  through  which  the  loop  of  1^ 
blood-Teaae1«  o,  projccta  &QI11  \mBm  ;  l«  t ' 
with  a  central  cavity. 


of  mesoblastic  tijssuo  thus  to  lead  t*)  the  introduction  of  1 1 
vessels  of  the  retina  within  the  nerve.     But  in  birds,  io 
same  observer,  no  mdx  infolding  of  the  stalk  occurs,  so  tiuti  in 
i  aie  lixdud^  k^>iik  l\\^  \\<^t\<^.    The  malformation  tonnodd 
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4ridui  is  to  be  attributed  to  a  persistence  of  the  choroidal  cleffe»  and  the 
pecteti  of  hirds,  close  to  the  optic  nerve,  with  the  vast*ulaT  fold  further 
fom'ards,  and  the  falcifonu  fold  of  the  eyes  of  fishes  are  to  be  regarded 
as  fibro-vascnlar  structures  formed  by  original  projection  through  the 
nine  interval. 

The  fnrtlier  de7elopmeiit  of  the  jmrts  of  the  eye  may  be  briefly 
stated  as  follows  t — 

The  cxjmnsion  of  the  ocular  cnp  continninor  to  proceed,  the  chamber 
for  the  vitreous  humour  eiilartjjes,  and  that  stmctui-e  gi*adually  como  to 
occupy  the  spate  Ixjtween  the  retina  and  the  lens. 

Fig.  751 


-f- 


Fig.  754— HoMzoiTTiJ.  BMcnon  TimouaH  the  ite  of  ax  exbato  kabbit  of  18  i>at». 

f.     (From  Kolliken) 

o,  optic  oerre  ;  ap^  »1a  parrji ;  p^  pigmeatum  nigmm  ;  r,  retina;  ir,  dlittry  p«rt  of  the 
retma  ;  p\  forep^urt  of  the  secondary  ocular  Teuiclc  or  nidimciit  of  the  irii  pigment ;  i/^ 
ritreona  body  niied  from  tlie  retirm  bj  Hhrinkiog,  eiccept  wher«  the  ▼qskU  from  th«i 
eeiitrdl»  retizM  eoter  it  ;  i,  iris;  mp,  memhraim  pupillaris;  c,  coraca  with  epithtlium  r; 
j^,  pa,  palpebm  ;  ^  Itnt ;  f,  Icog  epithelium ;  /,  aderutic  ;  m,  recti  umscles. 

The  marked  distinction  between  the  nervous  and  the  pij^ental  por- 
tions of  the  primitive  ocular  voisitle  goes  on  increasing  hy  the  continued 
deposit  of  pi|(meut  in  the  hitter,  and  its  proixjitioual  thiniiing,  and  by 
the  great  addition  to  the  thickness  and  the  textuml  dilTerentiation  of  the 
snb^onoe  of  the  former.  Thus  the  ccUh  in  the  retinal  or  nervous  por- 
tion, by  their  rapid  multiplication,  8ik»u  become  several  layers  thick; 
oertain  uf  ihc^e  cells  asauiue  the  spindle  shape,  and  exhibit  ais 
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tion  into  fibres,  while  others  retain  the  nuclear  form,  and  thu?  ti^  ii 
foreshadowed  the  division  into  the  fibrous,  ganglionic,  and  nucleir  lija 
of  the  retina.  On  the  exterior  a  limiting  membrane  makes  iis  appeit- 
ance,  and  in  connection  with  it  the  rudiments  of  the  cells  oompoangdif 
layer  of  rods  and  cones.  The  space  between  the  retinal  and  pignasfc 
layers  rapidly  contracts,  and  finally  the  rods  and  cones  are  cloeelj  nasec 
with  the  layer  of  pigment  cells. 

The  optfc  nerve,  as  already  described,  is  at  first  connected  by  itf  oiiri: 
with  the  vesicle  of  the  third  ventricle  or  thalamencepbalon,  and  f:f  i 
time  it  retains  its  earlier  hollow  form.  But  as  the  cerebral  hemisphss 
are  developed  forwards,  the  eye  and  the  optic  nerve  are  thrown  fai^* 
wards  and  downwanls,  and  a  new  connection  is  established  between  la 
optic  nerve  (or  tract)  and  the  vesicle  of  the  mid-brain  (mesenceph»kB>: 
the  rudiment  of  the  optic  commissure  is  at  the  same  time  formed  bjt2» 
median  approximation  of  the  stalks  and  the  growth  of  one  oTwdit 
other.  Each  stalk  then  becomes  more  and  more  solid  by  the  devei:?- 
ment  of  ner\  e  fibres  and  the  formation  of  the  sheath  sabstanoe  d  vat 
nerve  fix)m  the  enclosed  connective  tissue. 

Retina  and  Optio  Nerye. — ^The  full  development  of  the  minute  neniiaitiv> 
tnres  of  the  eye  is  a  subject  of  gp^eat  difficulty,  and  obsservers  are  not  quite  afnc 
as  to  its  phenomena.  The  rods  and  cones  are  ondonbtedlj  formed  in  couMCCifli 
with  the  cells  of  the  outer  granular  layer,  but  their  cater  and  inner  limfaiae 
probably  formed  from  different  cells,  the  membrana  liTwH-aTia  externa  beizif  it  a 
early  period  placed  between.  According  to  Kolliker  the  layer  of  ganglioii  eu 
and  the  inner  molecular  layer  are  the  first  to  be  differentiated,  and  are  TCfj  sac 
foUowed  by  the  nerve  fibres  which  spread  over  the  interior  of  the  letiiuL  1 
somewhat  different  account  of  the  process  is  given  by  Lowe  (So,  222*).  to  wio» 
work  we  must  refer  the  reader. 

At  the  ora  serrata  the  deni^er  nervous  structure  of  the  retina  cesM* .  tai  h 
front  of  this,  as  far  as  the  inflection  of  the  distal  into  the  proximal  or  pigiiieEal 
layer,  the  retina  is  continued  as  the  thinner  ciliary  portion,  bounded  exsesss^^ 
by  the  pigment  of  the  ciliary  processes. 

It  has  generally  been  held,  and  it  is  still  the  opinion  of  lome,  that  the  priide 
of  the  optic  vesicle  is  converted  into  the  optic  nerve  bj  the  differentiation  of  a 
substance  into  nerve  fibres.  But  a  different  view  has  been  taken  by  Hit  ad 
by  Kolliker  (Xo.  28.  i  p.  690)  according  to  which  the  original 'nbOKe 
of  the  pedicle  is  supposed  to  furnish  only  the  supporting  etractnres,  and  the 
nerve  fibres  are  formed  by  secondary  emanation  from  the  ^^'rtini  or  nana 
centre. 

According  to  EoUiker  the  yeUow  spot  is  not  yet  visible  at  birth. 

I<ena. — ^The  development  of  fibres  from  the  hinder  wall  of  the  primitiTe  1e^ 
follicle  continuing  to  take  place,  the  cavity  of  the  follicle  is  first  greatly  aanwid 
and  then  completely  filled  up  by  the  lengthening  fibres,  and  the  lens  takes  bor 
and  more  of  its  fuU  spherical  shape.  The  new  fibres  continue  to  be  tatad 
towards  the  margin  of  the  lens  ;  each  fibre  retaining  its  nncleoa,  so  as  to  ftoitBt 
the  nuclear  zone  which  runs  through  the  whole  lens.  This  aone  is  at  finC  co- 
ated far  back  in  the  lens  while  the  fibres  are  still  short,  bat  as  they  elongate  i> 
place  is  advanced,  so  that  it  comes  to  be  situated  considerably  in  front  of  ike 
equatorial  plane  of  the  lens.  It  is  most  distinct  towards  the  margin  where  ^ 
fibres  are  newly  formed.  The  anterior  wall  of  the  lens-follicle  remains  ••  i 
simple  ceUular  layer.  The  greater  number  of  the  fibres  now  f oDow  the  geaai! 
curve  of  the  surface  of  the  lens,  presenting  therefore  their  concavity  tovaids  ia 
centre,  but  the  curvature  graduaUy  dimimshes  in  those  nearest  the  miiik. 
where  they  are  straight,  or  nearly  so.  Only  the  external  short  and  nee^ 
formed  fibres  present  a  concavity  towards  the  exterior.  The  intersecting  sas  cf 
the  antexior  and  posterior  poles  of  the  lens  now  make  their  appearance  by  the 
k  «f  mils  ia  Aft  psrnliariy  shaped  trifadiat#>  or  mnltiimH»«^^  , 
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two  dtufttions»  and  the  en^n  of  the  fibres  ar©  now  tmceabk  to  the  edges  of  these 
|j|»aoe6,  BO  that  the  fibres  graciiiiillj  take  the  iLrrangement  round  the  poles  of  the 
liens  which  belongs  to  the  adtilt. 

»  The  origin  of  the  capauJe  of  the  lens  appears  to  be  still  somewhat  doubtful, 
[Xieberkiihn,  Arnold  and  Lowe  profess  to  trace  it  to  a  thin  pellicle  of  me^oblast 
j  which  at  an  earlj  period  passes  in  between  the  lens  and  the  seoondary  ocular 
["Vesicle ;  but  EoUiker  and  Eessler  are  of  opinion  that  it  is  a  cuticular  deposit  on 
I  the  surface  of  the  lens  cells,  Balfonr  is  inclined  to  adopt  the  latter  view,  on  the 
^ground  that  the  capsule  seems  to  malce  its  appearance  before  the  introducfciou  of 
'he  mesoblast  has  oocurred. 

The  Ji^ro-ra^nt Jar  jttructurcs  of  the  eye,  which  are  aU  derived  from  mesobla'stio 
ilements,  either  surrounding  the  secondary  ocular  vesicle  or  passing  into  it 
rthe  choroidal  fissure,  m,ay  be  considered  as  consisting  of  three  sets  of  parts,  vi^.^ 
',  which  is  external  to  the  ocular  cup  and  which  becomes  the  Bclerotic*  the 
•  substance  of  the  oomea  and  also  the  choroid  membrane ;  2nd,  that  which 
I  the  interior  of  the  optic  cup,  and  which  beoomea  the  vitreous  hnmoart 
t  capBulo-papillary  membrane  with  the  aiteria  centralis  retime  ;  and  3rd, 
rhioh  is  developed  in  the  angle  of  meeting  of  the  two  ports  previously 
Derationed,  i.t.,  between  the  murgin  of  the  lens  and  the  reflection  of  the  two  layers 
of  the  optic  cup,  and  in  which  the  ciliary  processea,  ciliary  muscle  and  iris  ore 
mainly  formed.  The  pigmental  elements  which  any  of  these  porta  poeseaa  are 
derived  from  that  of  the  retina  or  proximal  wall  of  the  optio  cup. 

[&ea. — Tlie  formation  of  the  cornea  is  mainly  due  to  a  differentiation  of  the 

in  the  layer  of  mesoblast  which  is  interposed  between  the  primitive  lens- 

I  and  the  corneous  epi  blast.     The  layer  forming  the  oomea  is  at  first  very 

rtbin,  and  quite  homogeneou:^,  and  it  has  been  doubted  if  this  is  meaoblastio  ;  soon, 

liowever,  the  corneal  cells,  proceeding  from  mesoblast  which  advanoes  from  the 

if&ftzgin,  penetrate  the  homogeneous  layer,  and  gradually  progress  towards  the 

centre,  greatly  thickening  it,  and  dividiiig  it  into  layers.     The  original  homo- 

f^^eneoua  substance  which  is  left  free  of  cells  at  its  margins  constitutes  the  outer 

aid  inner  elastic  layers.    Within  these  is  the  cellular  layer  of  the  membrane  of 

Deaoenustf  which  oome*  from  a  different  source.    There  is  at  first  no  aqueous 

chamb^  in  the  eye,  and  even  after  the  solution  of  continuity  which  gives  rise  to 

ibis  space  has  occorred^  the  cavity  is  not  dilated  ^ith  flaid.  tUl  near  the  time  of 

birth.    Even  then  it  is  very  shallow  and  the  lens  i\i  placed  close  to  the  comeat  in 

the  greater  part  of   iU  surface.    The   cavity  of  the  aqueous  humour  aiisee  by 

ftlie   separation  of   the   cornea   from  a   layer  of  the  mesoblastio  tassoe   lying 

'within  it.     The  latter  gives  rise  to  the  anterior  part  of  the  vaficular  capsule- 

I  pupillary  membrane. 

Sclerotic  Coat. — The  outer  covering  of  the  eyeball  is  formed  from  meeohlastio 
. cells  f(urrounding  the  ocular  cup,  aud  is  probably  continuous  with  the  structure 
\  which  f  unujahes  the  corneal  cells^  but  it  is  only  later  that  the  oomea  and  adeiotie 
jeome  to  be  completely  amalgamated. 

Ohoroid  membrane.  — The  mesoblastio  subshanoe  which  surroiuijde  the  ocular 
ole  externally  is  the  source  of  important  part**.    Among  theee  may  be  men- 
first  the  choroid  membrane,  the  cellular  (membrane  fuaoa),  flhrous,  and 
liters  of  which  are  developed  out  of  the  deeper  division  of  the  meso- 
labBtance,  and  to  the  same  source  may  be  traced  the  ciliary  proce«sefl. 
mnscle  and  iris  ;  while  tlie  zonula  ciliariH  may  be  regarded  as  a  part  of 
meaoblastio   tissue   connected  with  the  formation  of  the  hyaloid 
nhraiie  and  merabrana  capsulo-iiupillaris. 
The  oapaulo-pupillary  membrane,  already  referred  to,  may  be  looked  upon  A« 
» first  a  complete  fibro-voi^cuhir  investment  of  the  lens^  which  owes  ita  origin  to 
I  deepest  part  of  the  enclosed  meaoblast.    The  vessels  of  this  membrane  are 
1  by  a  branch  of  the  central  artery  of  the  retina,  which  passes  forwards  in 
(of  the  globe,  and  breaks  up  at  the  back  of  the  lens  into  a  brush  of  rapidly 
ag  twigs.    The  forepart  of  this  tunic,  adherent  to  the  pupillary  margin 
!  the  iris,  forms  the  pupillary  membrane  by  which  the  apecture  of  the  pupil  ia 
feloted  in  the  middle  period m  of  frjetal  life.    In  the  human  eye,  the  whole  tuniOt 
I  together  with  the  arteiy  which  RuppUes  IteTesaela,  beoomee  atrophied  and  ia  lost 
^  of  before  birth^  but  in  some  an i main  it  zemkina  appaxoit  txxt  «  isem  tms^ 
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after  birth.  According^  to  Eolliker,  the  anterior  chamber  exiMuids  odIt  i  tbol 
time  before  birth  by  the  iDtenrentioii  of  the  aqueous  humour  becvee&theia 
and  cornea. 


Fig.  765. 


Fig.  755. — Blood-tubbj  op  mo.*- 

SULO-PUPILLART  IRXBXAn  Q§  kJO- 

BOEJI      KITTB9,      XAOXIIIU.        (FiB 

Kolliker.) 

The  drawing  is  taken  from  i  pcifB- 
lion  injected  by  Tiersch,  ukd  sbcn  i 
the  central  part  the  conrexgeBee  d  lb 
network  of  reasels  towards  tkeoeBtatrf 
the  pupillary  membrane. 


ne  iris  is  developed  from  a  f» 
lif eration  of  mesoblastic  tiane  vikk 
takes  place  in  the  angle  betwMBAt 
anterior  reflection  of  the  wills  of  ik 
ocular  cup  and  the  margin  of  At 
lens  and  cornea,  and  it  u  intimfl^ 
connected  with  the  capralo-pqiQB; 
membrane,  with  which,  indeed,  I 
appears  to  be  continaooa  aataiaili. 
It  is  thus  in  relation  with  all  the  fibro-yasoular  structures  of  the  eye.  It  deem 
its  pigmental  layer  from  a  redaplication  of  the  anterior  part  of  the  p^nettl 
layer  of  the  ocular  cup.  It  does  not  acquire  free  surfaces  till  after  the  fonsaaz 
of  the  aqueous  chamber. 

The  ciliary  muscle  is  deyeloped  in  the  mesoblastic  tissue  between  the  baie  d 
the  iris  and  the  ciliary  prooesees  of  the  choroid  membrane. 

Vitreous  Hiunour  and  Hiraloid  Kembrane.— These  parts  are  usually  reginsc 
as  being  derived  from  the  intmded  mesoblast ;  but  while  this  may  be  true  of  tb( 
vitreous  humour  and  the  blood  vessels  which  pass  through  it  to  the  back  of  tbc 
lens,  there  are  grounds  for  believing  the  hyaloid  membrane  to  be  derived  by  cin:-- 
cular  exfoliation  from  the  ocular  cup.  The  zonule  of  Zinn  probably  bekmg*  » 
the  same  set  of  parts. 

The  eyelids  make  their  appearance  gradually  as  folds  of  integument,  «;:1)m> 
quently  to  the  formation  of  the  globe  in  the  third  month  of  fcetal  life.  W2i£ 
they  have  met  together  in  front  of  the  eye,  their  edges  become  closely  frA 
together  by  an  epithelial  exudation  which  is  removed  a  short  time  before  binL 
The  laohrinnal  canal  may  be  regarded  as  a  persistently  open  part  of  the  fi^Ert 
between  the  lateral  nasal  process  and  the  maxillary  lobe  of  the  embryo. 

The  first  discovery  of  the  mode  of  development  of  the  eye  as  it  is  now  gec^ 
rally  understood  was  made  by  Buschke  in  1832,  and  was  published  in  3Iedtfli 
Aichiv.  for  that  year.  In  addition  to  the  systematic  works  on  DevelopmenL  cb 
reader  is  referred  to  the  special  treatises  mentioned  in  the  Bibliography. 


II.  THE   EAR. 


Primary  Derrelopment. — The  most  important  part  of  the  onFU  d 
hearing  originates  by  the  involution  of  the  cpiblast  from  the  eitenm 
surface  of  the  head  in  the  region  of  the  medulla  oblongata.  This  is 
at  first  only  a  depression  of  a  thickened  part  of  the  epibhist ;  bat  tbr 
depression  soon  deepening,  and,  its  aperture  towards  the  surface  r^tidh 
narrowing,  it  assumes  a  flask-like  form,  and  constitutes  oil  each  side  the 
primary  auditory  or  otic  vesicle. 

This  involution  of  the  auditory  vesicle  takes  place  somewhat  toer 
t\^aii  Vt\ie  ^noVq&iVOIl  ot  tbft  medullary  vesicle  of  the  eve.  and  differs  fn.  n 
ii  m  \a3mi|^  \^bGfo  f«c«sy^sf\^  \xn^  ^^  ^^^s^s^^v:,  4iurface  of  the  btiad. 
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nd  not  in  immediate  connection  with  the  brain.    The  auditory  yesicle  is 
tnatcd  opposite  the  dorsal  end  of  the  hjoidean  arch.    The  original 


10.  756. — Sectiov  THRouan  thb 

HBAD    OP     A    LEPIDOSTECH  EM- 
BRTO    OF    AN    EARLT     PERIOD. 

(From  Balfour.) 

<iw.v,  ftnditory  Tcsicle  ;  au.n, 
iditoiy  nenre  ;  eh,  the  notocbonl, 
■iwwliiitiljr  below  the  medulla  ob- 
QfKta  ;  hjff  hypoblast.  The  nerv- 
m  lajer  of  the  epiblast  ia  seen  to 
I  distinct  from  the  cuticular  layer 
~  I  not  involuted. 


Pig.  756. 


pertarc,  which  is  directed       — " 

Bckwards,  is  soon  closed  ex-  J,  ti> 

smallj,  but  in  the  interior 

T€8tige  of  it  remains  for  a  considerable  time  as  the  reeessus  Idbyrinfhiy 
'hich  corresponds  to  the  aqueduct  of  the  vestibule  of  later  life. 

The  primary  otic  vesicle^  sinking  down  towards  the  basis  of  the 
ruiium,  becomes  imbedded  in  the  formative  mesoblastic  tissue  lying 
etweenthe  basi-occipital  and  alisphenoid  matrices,  and  along  with  them 
ndergocs  chondrification  and  ossification  at  an  early  period,  as  has  been 
teeadj  described  under  the  development  of  the  head. 

Fig.  757. 


1^  757. — OuTLins  SHOwno  thi  sarlt  cbaxois  ni  the  forx  of  the  hbab  of  the 

HUMAH  EMBRTO. 

A,  profile  view  of  the  head  and  fore  part  of  the  body  of  an  embtyo  of  aboat  fonr  weeks 
kvm  nature,  4*) '  ^0  fi^o  primary  diTiriona  of  the  brain  are  shown,  together  with  the 
riniary  olfactory  and  optic  depressions,  and  a,  the  auditory  vehicle  ;  1,  marks  the  man- 
ibalar  plate,  and  behind  this  are  seen  the  three  following  plates  with  the  corresponding 
bnyngeal  clefts.  B,  from  an  embryo  of  about  six  weeks  (from  Ecker,  f)  :  the  cerebral 
BBispheres  hare  become  enlarged  and  begin  to  spread  laterally ;  1,  the  lower  jaw  ;  V, 
M  flnt  pharyngeal  deft,  now  widening  at  the  dorsal  end,  whcro  it  forms  the  meatus 
Etarnvs  ;  the  second  deft  is  still  visible,  but  the  third  and  fourth  clefts  are  closed  and 
M  eoiresponding  arches  have  nearly  disappeared.  (7,  from  a  human  fwtus  of  nine  weeks 
ran  nature,  f) ;  the  features  of  the  face  are  now  roughly  fonned  ;  tho  outer  part  of  tho 
nt  phaiyngeal  deft  is  now  undergoing  conversion  into  the  meatus,  and  tho  auricle  la 
I  to  rise  at  its  external  border. 


The  development  of  the  organ  of  hearing,  as  a  whole,  consists  of  two 
ay  different  sets  of  processes,  viz.,  1st,  those  connected  with  th& 

TOL.  II.  ^  \ 
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formation  of  the  nervoas  structure  or  labyrinth  of  the  internal  ear,  ai 
2nd,  those  bclongin*^  to  the  development  of  the  tympano-Eustachi 
passages  and  the  accessory  parts  of  the  middle  and  outer  car.  The  fii 
of  these  sets  of  changes  occurs  more  immediately  in  the  primary  epiblasi 
vesicle  in  combination  with  the  nervous  elements  aerived  from  t 
medullary  centre,  and  with  the  participation  of  the  mesoblastic  wall 
the  auditory  capsule.  In  the  second  are  involved  the  remarkable  traz 
formations  of  the  first  visceral  arch  and  the  hyomandibular  cleft, 
describing  these  changes  reference  will  be  made  chiefly  to  mammak 

ILabyxinth. — After  the  closure  of  the  primary  otic  vesicle  the  exu 
sion  of  its  cavity  in  diflerent  directions  soon  indicates  the  formation 
the  diflerent  parts  of  the  future  labyrinth.  As  the  otic  vesicle  sin 
more  deeply  into  the  base  of  the  cranial  wall,  from  being  at  first  spherii 
it  takes  more  of  a  pyriform  shape,  the  pointed  prolongation  of  the  receas 
labyrinthi  stretching  backwards  or  dorsally  towai^  the  place  of  t 
original  involution  from  the  surface. 


t 


Fig.  75S.— Labtuitth  op   iqb    rumix    fotcs 
FOUR  WBULB,  MAQXiriKD.     (From  KoUiker.) 

A,  from  behind  ;  6,  from  before  ;  r,  tbe  veitibd 
rv,  reeeasos  labyrinthi,  giving  rise  later  to  tbe  aqoedi 
of  theyestibnle  ;  e»,  commencement  of  tbe  scmidrv.ii 
canals ;  a,  upper  dilatation,  belonging  perhaps  to  : 
other  Bemicircahir  canal ;  c,  cocblea. 

This  narrower  part  soon  becomes  tul- 
lar,  and  stretches  into  the  cranial  wall,  whi( 
it  pierces,  and  in  which,  as  the  aquodui 
of  the  vestibule,  it  becomes  enclosed  at 
later  ))erio(l  in  the  substance  of  the  petrous  bone.  In  clasmubnjn*: 
fishes  it  remains  open  to  the  surface  throughout  life. 

The  auditory  vesicle  is  also  soon  prolonged  into  an  angular  proj\tti' 
at  its  lower  of  ventral  end,  where  it  forms  the  commencement  of  tl 
<M)chlear  part  of  the  labyrinth. 

The  two  suixjrior  semicircular  canals  next  appwir  as  elongated  elevaii  t 
of  the  surface  of  the  primary  vesicle ;  the  middle  jx)rtion  c»f  each  tit.- 
tion  becomes  separated  from' the  rest  of  the  vesicle  by  the  Ix^ndin?:  in  • 
the  walls  under  it,  and  thus  the  elevation  is  converted  into  a  tulie  nniai- 
ing  open  at  both  ends,  which  subsequently  becomes  elongated  and  ainjuir: 
an  ampullar  dilatation  ;  and  while  the  cochlear  extension  continues : 
progress,  and  takes  the  form  of  a  canal  cur^'ing  inwanls,  the  exioni 
or  horizontal  semicircular  canal  begins  to  be  formed  much  in  the  siD 
manner  as  the  two  superior  ones. 

These  changes  are  followed  by  a  marked  constriction  of  the  main  \>^ 
of  the  vesicle  on  its  inner  side  near  the  cochlear  canal,  which,  grjduu:t 
increasing,  at  last  completely  cuts  off  the  part  which  afterwards  IkO'I» 
the  saccule  from  the  remaining  larger  portion  which  forms  the  vtnf* 
A  constriction  also  tjdvcs  place  in  the  vesicular  wall  bctiveen  the  mocuI 
and  the  cochlear  canal,  leaving,  however,  these  two  cavities  in  commoiJ 
cation  by  the  narrow  canalis  retmiens. 

The  same  constriction  which  separated  the  saccule  and  ntricle  Wi  «• 
the  division  of  the  end  of  the  leoesBOB  labyrinthi  into  two  Uibe%  ov  ^ 
^'hich  now  o^jeiiB  into  etdi  of  tboie  oi^vilMi. 
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The  anterior  or  ventral  part  of  the  membranous  labyrinth  which  is  to 
form  the  foundation  of  the  cochlea  in  mammals  becomes  soon  elongated 
into  a  tube  which  is  gradually  bent  inwards  and  coiled  npon  itself  from 


Fig.  759.— DiAORiMS  of  tui  membranous  lABYRnrrn  (after  Gcgenbaur.) 
I,  in  a  birxl ;  II,  in  mammals  ;  «r,  .semidrcular  canals  ;  U,  ntricle  ;  S,  saccule  ;  (SIT, 
eombincd  in  I) ;  R/,  recessus  labyrintbi ;  Cr,  canalis  reunions  ;  C,  cochlea  ;  /r,  its  com- 
mencement at  fenestra  rotunda ;  K,  cupola ;  L  (in  I)  lagcna. 

left  to  right,  at  last  to  the  extent  of  two  and  a  half  turns,  and  on  the 
hollow  side  of  this  spiral  there  is  now  formed  a  double  ridge  of 
thickened  epithelium  which  at  a  later  stage  is  converted  into  the  orgaa 
cf  Corti  ana  the  structures  connected  with  the  lamina  spiralis. 


fig.    760.~TRAir8TlRi»    AND    8LI0HTLT    OBLIQUI    8E0TTON    OF    THE    HKAD    OF    A   FORAL 

Homp,    IN   TBI   RBOION  OF    THB   HIND    BRAIN    (from    Fo«ter    and    Iktlfoor   after 

HB^  iuer  aurfaoe  of  the  thickened  walli  of  the  hind  brain  ;  RV,  recessus  Testibuli ; 
*  eoBBeiieiiig  Tertical  semicircular  canal  ;  CC,  canalis  cocHIct,  with  the  carity  of  the 
lW««  ode  Teiiele.  On  the  left  side  parts  only  of  these  structures  are  seen  ;  QC, 
of  the  right  side ;  on  the  left  side,  G',  the  ganglion,  and  N,  th* 
^  eMMOtod  with  the  hind  brain. 
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Meanwhile,  however,  it  may  be  mentioned  that  the  deposit  d  csr 
tilage  has  advanced  rapidly  in  the  auditory  capsole  BnrroimdiBs:  a 
vesicle,  and  this  is  soon  followed  by  ossification  of  the  capgak^iea 
where  stated.  But  between  the  cartilaginous  wall  and  the  various  pn 
of  the  membranous  lab}Tinth  mesoblastic  tissue  has  been  inttrioid 
which  gives  rise  to  the  periosteum  and  to  the  lymph  spaces  whidi  sc 
round  the  membranous  labyrinth  and  contain  the  fluid  termed  periljiD^e 
while  the  various  inflections  of  the  labyrinthic  cavity  which  are  of  ep 
blastic  origin  are  filled  with  the  endolymph. 

Fig.  761. 


Pig.  761.— Traksvibsi  nonoH  of  thi  hbad  or  a  torax.  sHnp  of  fove-iirb' 
AH  urcH  DT  LUGTH.     (Fiom  Fostcr  and  Btlfoiu-  after  BoeUdier.) 

RV,  recedtBos  Testibnli  ;  VB,  Tertical  aemidrcnlar  canal ;  CXi;^  <vw>li|fftr  canal ;  6,  eA- 
lear  ganglion ;  HB,  horizontal  canal. 

In  the  cochlea  these  spaces  also  exist,  but  in  the  special  fonn  d  t« 
tubular  prolongations,  one  of  which  is  situated  on  each  side  (above  bA 
below)  of  the  cochlear  canal,  representing  the  first  form  of  the  wi 
vestibuli  and  scala  tymjmni.  Of  these  lymph  passages  the  upper  ot^ 
munioates  with  the  vestibule,  but  the  lower  or  scala  tympam,  whk^i^ 
somewhat  later  in  being  formed,  is  closed  at  the  fenestra  lotondft.  I^ 
scalae  gradually  progress  along  the  coils  of  the  cochlear  canal  tifl  &? 
reach  its  stummt  or  cupola,  which  at  first  adheres  to  the  wall  of  thecipaie. 
Prom  this,  however,  it  is  afterwards  separated,  when  the  two  s^- 
having  arrived  at  the  summit,  communicate  with  each  oiber  and  k:^' 
irooe  betwem  the  ciqiola  and  capsular  walL 
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The  lagmm  of  the  luicoQed  cochlea  of  birds  corresponds  to  the  cupola 
erf  the  cochlear  canal  in  mammals. 

The  lamina  spiralis^  with  the  orjoran  of  Oorti  and  the  upper  and  lower 
separating  membranes  (memhnineof  Reisjsner  and  membrana  basilaris),  are 


Fig.  762.  —  THANBTKRSS     BSCnoH     OF 
THE    COCHLSA     IN    i.     P(EfAL     CALF, 

31  AGKi  roiD.     { Prom  K^lliker. ) 

Cf  tlie  wbII  of  the  cochlea,  «till 
cwtilaginouft ;  cc,  canalU  cochlear ; 
Im^  placed  in  the  tissue  ttccupyitig  the 
pi^OQ  of  tho  scala  Tcstibuli^  indicates 
ikm  ImniiLa  ipimti^;  n,  the  cenlml 
^oebteir  narre ;  p,  the  plac«  of  i}ie 
spind  ganglion ;  B,  the  body  of  the 
sphenoid ;  ck,  remains  of  chorda  dor- 


Fig.  762. 


of  these  minute  and  intricate  struc- 


afterwards  gradually  developed 
outwards  from  the  central  pillar 
of  the  coiled  cochlea;  but  we 
cannot  attempt  to  gi%"a  any 
detailed  account  of  the  Ibrmation 
lures. 

It  may,  however^  he  mentioned  that  the  auditory  nerve  when  first 
formed  m  of  large  tize  and  pierces  the  auditory  capsule  in  two  main  divi- 
sionSf  Te«tibular  and  cochlear.  The  latter  is  remarkable  as  having  upon 
it  at  an  early  period  a  large  ganglion  which  exists  before  the  cochW 
becomes  coiled^  but  which,  being  developed  along  with  the  lamina  spiralis, 
takes  the  same  coiled  forai  (sec  fig.  70 1,  and  p.  4i;*;  of  this  vohime). 

The  modiolus  and  spiral  lamirni,  according  to  Kollilcer,  are  ossified 
without  the  intervention  of  cartilage. 

▲cceaaory  Parts  of  the  Org^aii  of  Heaiins-.^The  remarlcable  combination  of 
the  internal  car,  or  kbyrinth,  with  oertain  other  porta,  to  form  the  middle  and 
external  diviaionfl  of  the  acoustic  apporatoSf  has  already  been  adverted  ia  in  the 
m/ooomit  of  the  development  of  the  face.  Here,  without  going  over  the  whole 
subject t  we  shall  have  oulj  to  refer  shortly  to  some  points  of  morphological 
interest  connect<^  with  it. 

The  tympimo-Eiiatewjlilaii  passage  is  generally  heldt  according  to  the  view 
ixvi  propounded  by  HaBohke^  and  confirmed  by  Heicbert  and  otberSf  to  be  de> 
Teloped  in  coanectioii  with  the  inner  part  of  the  hjo- mandibular  or  firnt  ix>9tonil 
Tisoeral  clcft»  while  the  meatuji  extemus  and  puma,  or  auricle,  are  formed  on  the 
outside ;  the  membmna  tympani,  with  its  tj'mpanio  ring  being  interposed  between, 
and  the  chain  of  Oi^lcala  with  their  accessory  parte  being  formed  in  cloae  relation 
with  them.  There  can  he  no  doubt  that  this  view  is  subtftantially  oorreot  But 
more  recent  researches,  besides  giving  greater  precision  to  the  facts,  have  also 
modified  in  some  degree  the  hij^tory  of  tbe  process.  From  these  researches  it 
appeals  that  the  tympanic  ring  and  the  membrana  tympant  are  developed  close 
to  the  external  snrfaoe,  and  that  the  meatus  i&  tlicrefore  formed  more  immediately 
in  connectio>n  with  the  outer  t^kln,  and  by  outward  growth  of  the  parts  sur- 
romiding  it.  rather  than  by  any  actual  depression. 

Further,  it  is  ascertained  by  the  observations  of  A,  Fraser  that  the  hyo-man* 
dihular  cleft  i^  from  an  early  period  almost  completely  closed  In  its  doi»at  portion 
by  the  intervention  of  the  membrana  tympaui.  This  membrane  consists  of  a  layer 
of  epiblast  externally,  of  pharyngeal  hypohIa*t  internally,  and,  between  these,  of 
its  abrons  and  vascular  partn,  which  are  of  mesoblastlc  origin. 

According  to  the  same    author  (No,    230),  the    malleus,  aa    nom    ^j^t^^ 
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by  all,  is  developed  from  Uie  proximal  part  of  the  mandibalar  caxtQa^.icib 
observations  on  a  variety  of  mammals  he  has  shown  that  the  incus  ii  font 
aooording  to  the  view  advocated  by  Huxley  and  Parker,  and  contrary  torn tf 
Eeichertf  Salensky  and  others,  in  the  proximal  part  of  the  hyoidean  cuC^ 
which,  from  the  first,  is  in  close  proximity  to  the  mandibular  cartilage.  Fiur 
has  further  shown,  in  corroboration  and  extension  of  Salcnftky's  ob^mnss 
(No.  229),  that  the  stapes  does  not  arise  as  a  part  of  the  hyoidean  c&rtilagi:.? 
as  a  bud  from  the  periotic  wall,  but  as  a  circular  dejiosit  of  cartilaginoiLi  eu 
round  the  stapedial  artery,  near  to  the  fenestra  ovalis,  with  which  it«bar«& 
afterwards  connected. 

AVith  respect  to  the  precise  mode  in  which  the  tympanic  cavity  andEusuAit 
canal  are  formed  in  relation  with  the  hyo-mandibular  cleft,  some  diffn^sa  i 
opinion  has  arisen  among  recent  observers.  Some,  sls  Moldenhanrr  and  Ha 
(Nos.  222  and  228),  have  brought  forward  the  view  that  these  parts  of  the  sndisiy 
passages  are  one  or  both  of  them  new  outgrowths  from  the  pharynx,  and  ctbes 
(Urbantschitsch),  that  they  proceed  from  the  month.  But  these  authors  do  nfi 
give  sufficient  grounds  for  departing  from  the  generally  accepted  opinioa  ai  'i> 
subject. 

The  phina  is  gradually  developed  in  connection  with  the  integument  on  the?^ 
terior  margin  of  the  first  visceral  cleft.  It  is  deserving  of  notice  that  congesiii 
malformation  of  the  external  ear,  with  occlusion  of  the  meatus  and  greater  or  'js^ 
imperfection  of  the  tympanic  api>aratus,  are  observed  in  connection  with  atefr 
mal  development  of  the  deeper  parts  of  the  first  and  second  visceral  arche«  c-^ 
the  intcrmciliatc  cleft  (Allen  Thomson.  No.  231). 

III.  THE   KOSR 

The  orpiu  of  smelling,  as  was  first  pointed  out  by  v.  Bacr,  owi<  :> 
•  origin,  like  the  primary  auditory  vesicle  and  the  crystalline  lens  of  iLi- 
eye,  to  a  depression  of  the  epiblast,  and  it  differs  from  these  involmio:- 
in  remaining  permanently  open  and  in  being  greatly  extended  as  a  con- 
plicated  cavity  communicating  with  the  exterior. 

It  has  already  been  shown  how  closely  the  development  of  the  ik«  5 
connected  with,  first,  the  extension  of  the  axial  part  (trabecuke)  of  t^ 
basi-facial  axis  ;  second,  the  formation  of  the  mouth,  so  that  a  pan  • ! 
the  common  ca\ity  comes  to  be  separated  by  the  palate  plates  into  it. 
true  buccal  and  lower  nasal  cavities  ;  and,  third,  more  suptrficiaL; 
and  in  front,  with  the  external  nasal  wall. 

The  olfactory  organ  arises  in  all  vertebrates  at  a  very  early  period  • -' 
embryonic  life  in  the  form  of  a  depression  of  thickened  cpibla<^  fi>'iQ  t^' 
forepart  of  the  head. 

The  whole  of  the  nasal  fossie,  however  complicated  they  may  bei'^nn' :.: 
the  lab}Tinthic  fonn  which  they  afterwards  assume  in  many  animalN  if 
due  to  the  involution  of  the  epiblast  of  the  original  olfactory  pits  ;  andi:^ 
structure  of  the  parts  fonuing  these  inflections,  as  well  as  those  asoci- 
ated  with  them,  which  are  derived  from  mcsoblastic  sources,  may  be  oj> 
sidered  as  essentially  the  same  in  different  animals.  In  man  tlk^ 
structures  do  not  attain  any  gi*eat  degree  of  complexity  in  the  oIfiieit«T 
part,  but  in  the  human  nose,  as  in  animals,  there  is  a  marked  diffenftv 
in  the  form  of  that  part  of  the  labyrinth  on  which  the  olfactoiy  Der- 
is distributed,  and  in  the  minute  structure  of  its  epithelium,  from  tlj» 
of  the  lower  part  which  forms  the  respiratory  passage  of  the  noee. 

There  is  at  first  no  olfectory  lobe  of  the  brain,  and  the  nerve  is  sf& 
Marshall  has  shown  that  the  olfactory  lobe  is  formed  at  a  comparadrcijr 
late  neriod,  as  at  the  end  of  the  seventh  day  in  the  chick,  and  tii^ 
tii\a  \(^  \)ar^»^  V]  ^3\jsm<;s<ci  ^1  \k<^  vcall  of  the  forebrain  at  the  pto 


THE   BLUOD-VASCrLAIt   SYSTEM. 


855 


^rlierc  the  norvos  Imvc  prcvi{5iisly  sprouted  out ;  that  it  contains  a 
hollow  prnloii^e<l  from  the  geneml  Tcntriciilar  cavitj,  and  carries  tho 
nerves  on  its  most  prr>jectiii[T  parL 

The  development  of  the  olfactory  nerve  Ims  already  been  described* 


in.    DEVELOPMENT    OF   THE  BLOOD- VASCULAR  SYSTEBI. 

Oeneiral  Plienonieiia. — The  heart  and  blood-vessels,  with  the  blood- 
oorpuscles  and  fluid,  which  from  the  first  cjccopy  their  interior,  take  their 
origm  entirely  from  the  mesoblast,  and  the  v'arlicr  mdiracnta  of  these 


L 
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f^  76a. — Vasculah  arba  o^  thb  Yoiit-tAO  OF  THK  cifioit  oir  Tins  thihi*  bai  of 

t»0ttSATlOX»    HKKJr   F»OK   BELOW.       MaoK IFI 10  ABOUT  SIX  blAMlTlM.      (From  Balf OUT.) 

H»  briut ;  J  J.  tbree  of  tho  jwrtic  ftrcbes  of  one  >&i«le  ;  connected  wttb  Ibo  uppcrmo«t 
en  Ibe  cttcmal  and  intenml  oirotid  arteries;  Ai\  clonal  aortn  ;  Liif.A^  left  Tttdtinc 
wiVery  ;  JiM/.d,  right ;  iS.T.,  Sinoa  termiuAlia  ;  L.O/^  left  viteUijie  tHti  ;  H.O/,  right  ; 
&.  V,,  linun  Teoosnn  ;  D.V^  Ductus  Cu^ieri  ;  ti.Ca.  K,  aup^rior  oirdiual  Tcin  ;  VMa, 
lAtesioir  ;  the  arteriod  are  ■liadc'd  bbck,  tbe  ?eiiui  are  ia  outline ;  th«  embryo  >eca  from 
iti  lover  or  left  side  is  only  faially  indicated. 

vaecular  elements  are  eitnated  in  the  deepest  part  of  the  riseeral  plate  of 
the  mesoblast,  which  wa%  thenec  distinjTnifthed  by  Pander  as  the  vascular 
layer  of  the  blastoderm.  At  a  later  period  it' is  probable  that  blood- 
TBflBels  may  arise  throu^rhrjut  the  whole  of  the  mesoblast,  both  in  itt 
Tiioeral  and  parietal  divisiomi* 
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Tif.  7^. — ^DtAQRAMHATlC  XjKWn  OF  TWO  WMBBOm  TKi 
BUJjr   or  AS   KMfiJEtO-CBlCC  OF    ABOUT    96    BOOBl^ 

fBB  HKAKZ.     (From  Balfoar«) 

In    JL    wklfik  ift  imwtkt^  fiMW^    ill 


\ 


-  THE  HEAET. 

^  piOTc  that  the  process  is  essentially  the  same  in  them  all.  The  eariier 
«itep8  of  this  process  follow  one  another  very  rapidly,  so  that  already  by 
-Ae  40th  or  42nd  hour  in  the  fowPs  egg  the  blood  is  propelled  through 
like  primary  system  of  vessels  by  the  rhythmic  contractions  of  the 
stabnlkr  and  as  yet  only  cellular  heart.  At  this  period  the  parts 
:of  this  veiy  simple  circulatoiy  system  consist  of  the  blood  fluid  con- 
iteming  corpuscles  in  a  rudimentary  form  ;  of  blood-vessels,  which  arc 
mainly  spread  over  the  vascular  area  and  in  less  number  within  the 
body  of  the  embryo ;  and  of  a  median  tubular  heart,  into  which  the  blood 
B  brought  from  behind  by  two  veins  which  collect  it  from  the  vascular 
aea,  and  from  which  it  is  expelled  anteriorly  by  two  outgoing  vessels 
rhich  may  be  called  arteries,  though  they  do  not  as  yet  show  any  of  the 
listological  characters  of  these  vessels. 

Tlie  minuter  pteps  of  this  process  havo  been  bo  fully  described  in  the 
dstological  part  of  this  work  (p.  34  and  p.  197),  that  it  is  unnecessary  to  do 
ciore  at  this  place  than  to  rccaU  the  fact  that  the  blood-fluid  and  coqpusclea 
•ris^nate  by  a  change  in  the  formative  cells  of  the  visceral  mesoblast,  which 
■  accompanied  by  a  differentiation  of  their  protoplasm  and  multiplication  of 
inolei  within  spaces  developed  by  internal  vacuolization  of  the  meaoblastic 
lelljB.  The  cells  which  give  rise  to  the  primary  blood-vessels  becoming 
koUow  and  radiated,  and  their  processes  being  united  together,  capillary  net- 
irorks  are  produced  l>y  their  dilatation  into  tubes  and  their  intercommunication. 
nie  demarcation  of  the  limits  between  the  epithelial  cells  forming  the  walls  of 
:]ie  primary  capillary  vessels  is  a  later  process,  as  also  the  addition  of  the  cellular 
materials  for  the  production  of  the  middle  and  outer  coats,  and  other  tissues 
which  give  a  more  complex  structure  to  the  larger  vessels :  but  nearly  aU  the 
vessels  consist  at  fin»t  only  of  endovascular  elements,  and  havo  much  of  the 
form  and  structure  of  capillaries. 


I.   THS    HEART. 

The  oripn  of  the  heart  itself  is  in  some  respects  histologically  similar 
to  that  of  the  vessels,  in  so  far  that  it  is  by  the  vacuolated  formation  of  one 
or  of  two  main  tubular  spaces  within  groups  of  mcsoblastic  cells  that  the 
cavity  of  the  organ  originates  (see  fig.  744,  p.  838).   But  the  formation 

Fig.  765. — OUTLIKKS   OF    THE    ANTERIOR 
BALF   OP   TUE  EMBRYO    CUICE    VIEWED 

raox  BELOW,  siiowiko  the  heart  in 

JT8   EARLIER     hTAQIS     OF     FORMATION. 

(After  Kemak.)  ^ 

A,  embryo  of  about  28  to  80  hoars  ; 
B«  of  about  36  to  40  lioura  ;  a,  anterior 
cerebral  vesicle  ;  b,  pruto- vertebral  seg- 
ments; r,  cephalic  fohl  ;  1,  1,  vitelline 
or  ompbalo-iDescDteric  veins  entering  tho 
heart  posteriorly ;  2,  their  union  in  tho 
auricle  of  the  heart ;  3,  the  middle  part 
of  the  tube  corresponding  to  tho  ventri- 
cle ;  4  (in  B)  the  arterial  bulb. 

of   the  walls  of   the   primitive 

heart  is  due,  not  merely  to  the 

aocimmlation  and  differentiation 

of  the  mesoblastic  cells  in   the 

region  which  it  at  first  occupies,  bnt  is  also  effected  by  a  foldin^r  of  the 

meaoUaBtio  layers  round   the   canity.     In   the&e  foW  t?;o   «i\x^  ^ 


Fig.  7*U'k — K>rt]KYu  radbit  of  eiout  days  Axn  ktohtkm  iioimi^  ttkwwp  rtoM 
VEytfiAL  Ai<PECT.     7.     (From  KolUker.) 

In  llie  iviitprior  part  of  tbo  Tcutial  wall  on  cacb  aide  there  is  nceti  tbe  Mpumtt 
Mcnt  of  the  licart,  in  the  i^itnpk  Tancutur  itil^e  of  whicli  aic  to  bo  dtiliiigBiiihad 
hiii'kr  aurieulnr,  the  midille  vtuiriculLir  and  the  anterior  butbouB  purtft,     Tlherft  IR 
]iroU»-vcrt«b]ikl  negmenin. 
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¥r^.  7^i7,^Ym*r?i  raoK   bkujw  op   tiik    kubrto-hasdit   of   uhtk   ijat»   Ann 
ii*iti»f  biiywisQ  ins  cijmh^ncimo  hkii^t  ix  two  staoiis.     Y,     (A*  T.) 

Tiie«Q  nkcicbe^,  of  which  B  nDt]  C  are  partly  (lingramniatie,  werv  taJk«n  fiooi 
pi^pamtiona  given  me  by  Frofessor  IColIiker.     A  is  tlie  Tiew  itma.  b«lov  oC  oii««l  1 
embryoen  in  which  the  Cormiition  of  the  hearfc  wtis  least  idtanofid,  and  of  wluck| 
line  of  ihc  hesvTt,  kc,  is  ret^cat^d  in  11.     In  C.  taken  from  the  t/eeawi 
two  hnlvL's  of   tlio  heart  arc  seen  in  tho  comnicnoctneiit  <»f  their  eoala 
liart  of  the   bent  tube  which   Ijeeomc^    the  ventricle  ;  it,    primitire  aoftie 
xii[iaRite  dctnL'eniliiiji  siortaa  ;  VV,  tbo  vitcUine  vctua  cntehii^  ihij  heart  pOTltviodj.    tit 
arrows  inincatc  the  course  of  the  blood. 

thu  wftlL  The  pt^rifardial  oovcriiifj  ivriscs  by  au  cxUiiiaioii  uf  the  iraU 
uf  tho  hDtly  cavity  wliii'h  folds  itself  round  each  side  of  the  commendlV 
jMirt  of  the  heurt. 

There  Ib,  however,  a  cotieidembic  diflercnce  among  antm&lf  in 
the  form  presented  by  the  riidimeTita  of  the  primitive  heart,  couneded 
appiirently  with  a  dillei\ni€e  in  the  rule  uf  progress  of  the  cx'fibalie 
fi>ld  of  the  bliistoderm  which  ineloses  the  unterior  jiart  of  the  iiiiiiiCQt 
canal,  and  tUu  mcdiaa  coalescence  of  the  purts  which  give  rao 


iilifliCQMjH 
raoMH 
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heart  itself.  Thus  in  tjertain  animals,  Biirh  as  elasmaUmnchfl,  cyclo- 
stomata,  ganoids,  and  amphibia,  hi  whicli  the  closure  of  the  cephalic 
fold  is  rapid,  the  deepiT  or  endocardiac  rudiments  of  the  heart  ara 
collectod  into  a  mesial  mass,  and  the  cavity  of  the  or^^an  hollowed  out  in 
their  interior  is  from  the  first  single,  and  occupiea  a  place  on  tlio 
ventral  side  of  the  pliarynx  immediately  behind  tue  branchial  arches, 

Pig>  768, 


Fig.  768. — TEAjmrntsR  ««crioit  t&eouqh  tbi  hcjid  or  ah  iybato  rabbit  e?  nanT 

UATS    AK1>    POOftTRKK     UOUIIS,    WITH    A    Viat    OF    TUB    1»KRIPIIKHAL    BLAflTOftlUM.      Y- 

(Prom  Kolliker.) 

hh,  rydiuictiU  of  ttie  heart ;  sr^  pliaiyDgeiLl  groove, 

where  it  receives  the  inflection  of  the  mesohlastic  celli^,  whicli  lorm  its' 
muscular  wall.  But  in  otlier^,  eiich  as  mammals,  in  wliich  the  fact  waa 
firiit  discovered  by  llensen  (No.  88),  in  osaeous  fishcB,  and  to  some  extent 
also  in  birds,  in  whic  h  the  enclosure  of  the  phaiyn^cal  cavity  hy  the  in- 
fleetion  of  tlic  ceithaHc  fold  18  uf  later  occurrence,  the  heart  has  at  first  the 
remarkable  form  of  two  tubes  sepamted  to  s*>me  distance  from  each  other, 
and  tiie  fornuitii>n  of  the  single  and  mediiin  cavitv  of  the  heart  is 
dac  to  the  gradnid  approximation  of  these  tiibt'S  and  their  coalescence 

Fig.  709, 


Fig. 


r69.— Paut  or  T«E  ronit«ot!fo  rtavmn  xoiiB  itiQittr  vAOirxFiiD.  ^p. 
(PromKfiUikcr,) 


f/,  medallaiy  grooTo ;    nr,  dnnat  nit^c ;  mpi   ruediiUaTy  plntc  And  ntdJmcat  of  ih^ 

bnuB ;  A,   epiblasi ;    hp^    parietal  wnU  ;    d/p^    vMcend  meii(i1iLi5l«   Inflecte^l    ioto  tho 

f       4|iiier  w«ll  of  the  heart  anA  ;  iAA,  iaucr  cir  cnJov.'yuruU'ir  liaing  of  tbc  heart ;  ph^  p«ricjinlbl 

cantjr ;  mes,  mesobhisi  beyond  the  ruilimcnts  of  the  heart ;   c/</,  bjpobliwt ;   d(t,  uoto- 

cbetnl ;  #ir,  kteiul  wiiU  of  the  developing  pharynx 

into  one  l>y  the  union  and  Rubsefjuent  disappearance  of  the  adjacent 
parts  of  their  primitive  wails.  In  the  case  of  the  heart  being  thus  at 
first  double,  eaeli  tube  receives  psteriorly  the  large  entering  vein,  and  is 
prolonged  anteriorly  into  the  issuiug  vessel  or  artery  ;  while  in  the 
median  single  heart,  whether  formed  originally  so,  or  by  later  fusion  of 
two  tubes,  the  posterior  part  receives  the  two  entering  veins,  while  tho 
anterior  [>art  oiicns  into  ttie  two  primitive  oatgoing  arteriea. 
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The  accompanying  figures  (768  &  769)  fh)m  Kolliker  will  exphin  Ijs 
flectional  view  the  manner  in  which  in  mamnials  the  inflection  of  tfaem 
laminae  of  the  mcso  blast  gives  rise  to  the  walls  of  the  sepazate  oompoma 

Fig.  770. 


^Ai 


Fig. 


770. — Trassvkbse  bectiov  THsoroH  thk  bjggios  ov  tbm  Bxjkxr  a  is  xno 
CHICK  OF  39  H0UB8.    ^.     (Fnnn  K^Uker.) 

»,  mednlla  oblongata ;  a,  a,  descending  aortas ;  pk,  phjuynx  ;  A,  epibhst :  l\  tbda- 
ing  of  the  same  where  the  auditory  re^e  is  to  be  formed  ;  kp,  parietal  BeRiiftfi: 
hp,  outer  wall  of  the  heart ;  iAA,  inner  wall,  the  cavity  still  divi<kd  by  a  tejtsmr, 
AA,  pericardial  cavity  ;  vA^,  rentral  mesocardiom  prodoced  temiiorarily  by  the  jtEaaa. 
of  the  Tiacera]  mesoblast  hip  into  dfp' ;  ff,  ff.  Teasels  in  the  visceral  niesoUsa ;  £»^ 
hypoblast 

of  the  heart  and  the  primary  right  and  left  compartnienta  of  the  poi- 
cardinm.  The  endocardiac  lining  (i%A)  is  derived  firtnn  the  deeper  pat 
of  the  visceral  mesoblast. 

Fig.  771.  Fig.  771.— TEAssTlBifl^ 

"*  Tiox   THBom  Tn  n* 

QIOS  OF  nn  Klilt  D  i 
babbit's  KXIKTO  OF  RR 
DATS-  Y-  ^^"^ 

Kolliker.) 

jj,  jogolar  reiiB ;  «,  «* 
scending  aortic  rxics :  A 
pharrnx  ;  ip,  bodr-wiZ  ?^ 
dected  in  ett:  A.  isaff 
ceUalar  lining  of  the  ss^ 
divided  heart;  mk,  esse 
vaU  of  the  heart  ;f,f«s- 
c»nii*l  cavity;  4/,  <?, 
▼iaceral  meaoblast :  r'.  jn- 
kmg&ticm  of  the  hjpoii^ 
of  the  forepxt  an-i  taea- 
terior  wall  of  the  penoriH 
cavity  into  the  jaxtam 
between  the  two  halves  of  the  heart ;  5/,  blastodens  ;  enl^  viaceral  walL 

It  would  appear  that  in  both  forms  of  the  heart  s  origin  the  inflcctfcn  of  tkr 
mcflohlast  whidi  gives  riae  to  its  waU  is  at  first  incomplete.  In  the  caM  <i^  ^ 
angle  and  median  f onnation  this  has  the  effect  of  leaving  the  *wwW^t»^i«tr  «ill 
of  the  mdimeiitaiy  ocgan  in  immediate  ocmtact  with  the  hypoblast  of  the  ofpb- 
^^  vaitnC  fSb0  wS^aamttarj  cavity;  but  xmj  aoon  tiie  fmther  infieetkB  of  i^ 
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outer  mesobliifftic  lajcr  of  <^lls  ooFupletes  iJie  muscular  fknd  pericardial  wall 
Sfoperiorljr  or  on  the  dorsal  mde,  leaving"  howerer  there  for  a  time  a  short  septum 
nt  the  place  of  meeting  wliieh  coustiiutos  n  Buperior  or  donml  mesocardium,  while 
a  ptmHAF  soptum  e^i^td  for  a  time  below  as  a  ventml  mesocardium. 

The  mode  of  formation  of  the  heart  in  birds  is  in  some  degree  intermediate 
between  the  two  previooflly  referred  to^  as  the  single  organ  arises  by  the  coales* 
oenoe  of  two  tubes  which  are  at  first  Beparate,  but  by  tiie  time  these  are  formed 
the  central  wall  of  the  pharynx  is  already  advanced  in  its  ejiclosure,  so  that 
it  L)  almost  impoei^ible  to  detect  the  double  form  in  the  view  of  fiat  tpeoi- 
mens  of  the  bird'ii  embryo.  Hence,  before  the  fact  was  aecertained  by  means  of 
seotionB,  the  older  observers  all  held  i.he  heart  of  the  bird  to  originate  as  a  Jiingle 
median  organ. 

The  primitive  veins  or  large  vessels  by  whi<:h  blood  i^  carried  into  the  posterior 
extremity  of  the  rudimentary  heart  are  the  principal  returning  venous  dmnnelB 
which  collect  the  blood  from  the  terminal  sinus  of  the  vascular  area,  while  the 
two  vesaels  which  proceed  from  the  anterior  extremity  form  the  first  pair  of 
ooitic  arches  which  bend  ov^er  tiie  side  of  the  pharyngeal  wall  at  the  level  of  the 
numdibtilar  arch  and  pasa  on  dor^ally  iu  the  body  of  the  embryo  below  the 
vertebral  somitea  aa  the  two  primitive  aortas,  which  afterwards  coalesce  to  form 
the  median  aorta,    To  these  further  reference  vdll  be  made  later. 

Among  the  further  changes  which  the  heart  nndergoes  in  the  coopse 
of  its  progress  from  the  simple  form  of  a  median  symmetrical  tube  into 

Fig.  772.  —  HETMAIf     KVBRYOtf  P^g.    772. 

AT  IrirFKBKITT  SAKLT  ^AOSS 
OF  DMYMUtVUMMtf  9U&WtllG 
THB  eiAltt  nr  its  TrBULAS 
OOXDITIOK* 

A»  upper  httif  of  the  body  of 
a  human  embryo  af  thrtt  wtikM, 
Tiew^d  from  the  abdomiiukl  Mt 

ifrom  CcMie) ;  a,  frontal  plate  ; 
\  protoferlebiw^  on  which 
the  primiiire  oortio  are  lying ; 
3,  the  mi'ldie  of  tbo  ttil«  of  tho 
bearip  below  it  the  place  of  eu- 
ttatiee  of  the  great  veins,  above 
ft  the  agrUo  bulb. 

B,  lateral  viev  of  a  human 
embfyo  more  advanced  than  that 
last  referred  to  (from  A,  1*hom«oo) ;  «,  the  frontal  part  of  the  b<ja*l ;  h,  iHe  Tcrtcbral 
oolamn  ;  t^,  the  wide  conuztunioiitioa  of  the  umbilical  vt*$icle  witli  the  intestine  ;  ti^ 
allantotc  pedicle ;  2,  auricuUr  part  of  the  heart  connected  with  the  Teiiu  poiteriorl j  ; 
3,  venttictdar  part  of  the  bent  tabe  i  4,  the  aortic  bttlb ;  near  the  estniBUiM  of  the 
iobo  the  diridod  pertcardium  is  i 


its  fuller  state  of  derelopment,  one  of  the  oRrliest  may  bo  attribated  to 
the  mere  elongation  of  the  tube,  for  the  anterior  and  posterior  extremities 
being  fixed  by  the  vagcolar  connection  to  the  body  of  the  embryo,  the 
elongating  intervening  part,  which  h  not  ro  attatlied,  is  necessarily 
thrown  into  a  folded  or  curved  shape,  the  middle  part  bulging  ventrally, 
and  taking  mually  a  direction  to  the  right  side  of  the  still  prone  and 
symmetrical  embryo.  This  form  of  the  heart  has  been  ob^n-ed  in  the 
hnman  embryo  of  three  weeks,  coiTesponding  in  all  respects  to  the  heart 
of  the  bird  or  mammal  at  a  parallel  stage  of  advanoement  (see  Pig. 
772,  A  and  B). 

As  the  development  of  the  tnhnlar  heart  progi^aes,  the  bend  in* 
orcaaesi  and  tlie  veuoua  is  doubled  buck  upon  tioA  ts^^csr^  ^\A.  '^\:^ 
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tnbe  also  becomes  divided  by  two  slight  constrictions  into  three  portions, 
of  which  that  originally  posterior  and  receiving  the  veins  is  the  widest, 
and  constitutes  the  primitive  auricle ;  the  middle  one,  next  in  widch, 
and  most  strongly  bent  upon  itself,  becomes  the  ventricular  portion ;  and 
the  third,  situated  anterioriy  and  retaining  most  the  simple  tabula  form, 
is  the  arterial  or  aortic  bulb. 

Division  into  Single  Auricle,  Ventricle,  and  Arterial  Bvlb^ 
— By  a  continued  increase  of  the  inflection  of  the  heart-tube,  a  change 
in  the  relative  position  of  the  several  parts  is  effected,  so  that  the 
auricular  cavity  comes  to  be  placed  above  or  behind  (dorsally)  and  to  the 


Fig.  778.  Pig.  773.  —  Ottuhbs  of   thi 

C  KMBETO  OP  THE  CHICK  AT  TBI 

KXD  OP  THK  TBIED   DAT.        ^. 

(After  Hi8.) 

A,  donal  and  right  side ;  B, 
rentnl  mnd  left  ikie ;  A,  tke 
heart  The  other  parts  of  tht 
figure  are  expUined  elaevherc 

left  of  the  ventricular  part, 
the  veins  being  carried  for- 
wards along  with  it,  whik 
the  arterial  bulb  is  attached 
by  its  extremity  in  finmt  to 
the  neck  of  the  embrvo  im- 
mediatelv  below  the  visoenl 
plates,  ^here  is  as  yet  only 
a  single  passage  through  the 
heart,  but  the  distinctioii 
(»f  the  auricular  and  ven- 
tricular cavities  becomes 
more  apparent,  both  by  an 
increase  in  the  diameter  of  each,  and  by  the  constriction  which  separata 
them,  and  by  the  much  greater  thickness  ac<iuired  by  the  walls  of  tbe 
ventricular  and  bulbous  parts  as  compared  with  the  auricular  portion. 

The  three  parte  of  the  heart  have  now  the  appearance  of  ocing  verr 
closely  twistea  together.  The  ventricular  part  becomes  consideralJj 
wider  transversely,  and  the  auricular  part  shows  two  projecting  pouches. 
one  on  each  side  of  the  arterial  bulb,  which  are  the  first  indications  of 
the  future  auricular  appendages.  At  the  same  time  the  constrictioQ 
between  the  auricular  and  ventricular  parts  increases  consideraUy,  aini 
the  constricted  part  elongating,  produces  what  has  been  called  the  camUU 
auriculari^, 

BiTision  of  the  Bight  and  Left  CaTities.  Veatrieles.— Tbf 
next  series  of  chan^^'s  in  the  developing  heart  consists  in  the  di\i8ion  of 
each  original  single  cavity  of  the  ventricle,  auricle,  and  arterial  bulb  into 
two  compartments,  so  as  to  form  the  right  and  left  ventricles  and  aoricles, 
and  the  stems  of  the  pulmonary  artery  and  aorta.  The  first  of  these  chan<res 
occurs  in  the  ventricular  portion,  and  is  to  be  seen  in  progress  on  the 
fourth  day  in  the  chick,  and  in  the  sixth  and  seventh  week  in  the  human 
embryo.  The  ventricular  chamber  of  the  heart  increasing  considermbly 
in  breadth,  that  part  of  it  which  ultimately  becomes  the  apex  of  tbe  beait 
IB  thrown  towania  tUe  left  side^  and  in  most  manunak,  and  especially  in 
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the  human  embryo,  a  blunt  cleft  or  depression  appears  between  this  and 
the  right  part  of  tho  ventricle,  which  causes  an  external  division  iutn  two 
portions  corresijondinp:  to  the  future  ritrht  and  left  vent  ricks;  and  if  the 
mtcrior  of  tlic  ventncular  cavity  he  examined  at  this  time,  there  ia  p.T- 
ceivcd  a  crescentic  partition  risin*^  from  the  lower  Ijorder  of  tiic  rii^ht 
wall  a  lid  projecting  into  tlic  cavity,  at  first  narrow  and  placed  o]>posite 
the  external  notch,  but  gradually  growing  more  and  more  towards  thci 
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Fig,  774, — FlaAT*  or    ran   kwtirti>   uf   tkk  }n>n  ttitr  the 
BKA&T  flKBN  pnoM  BELi>w«     (From  KollikLT,  after  BLscbolf.) 

tf,  ccrcbrat  liemispheries ;  b^  cj<'s  ;  r,  luid'bmici ;  (f,  laan- 
Oibalar  plak^s  ;  f»  8iii>onor  maxillary  processes  ;  /» /',  /", 
i«econd,  third,  niid  foiirtb  brttachliil  or  viaciiRil  platen  ;  17* 
rightf  h^  left  nuricle  *>f  ih*i  beart ;  k\  rigbtj  1*,  left  ventricle  ; 
t,  iiortii:  or  ikitcrml  bulb,  witli  three  pain*  of  aortic  or  viiscukr 
arcbe*  iirooeeding  from  it. 


auriculo- ventricular   aperture.      As  *lcvelopment 

Egi^esses  the  external  division  tecome^s  more  or 
effaced,  when  the  apex  of  the  lieart  formed 
by  the  left  ventricle  Ijceoniea  more  iminted,  and 
the  whole  heart  takes  somewhat  of  the  conical 
form  which  beloiiga  to  itH  advanced  condition  ; 
but  in  the  adult  nearfc  the  dej^ression  la  still  perceptible  an  llie  inter- 
ventricular groove,  which,  as  ia  well  known,  varies  considerably  in  depth 
in  different  cascfl.  In  some  aniinak,  aa  the  ralihit,  the  tenipmiry  ex- 
ternal division  of  the  ventricles  is  very  aipparent,  while  in  others,  as  in 
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Yig.  775. — Suovif  thi  pusitiun  axd  rann 

OV    rut     UKAltT     IX    THK    BUSAK     RMBRYU 
FBOM  Tire  FOITJITH   Ti>  TUW  .SIXTH   W1CKK* 

A,  upper  half  of  ibc  bcMly  of  a  buiiuiti 
embryo  of  nearly  four  wfielu  old  (from 
KolHker  After  Costo) ;  B  >^nd  C,  anterior  and 
jKwterior  news  of  ttie  heart  nf  a  bum  an 
embryo  of  nx  we<?k»  (from  Kollikcr  tiflcr 
Kcker)  :  *h  frontal  bppct ;  t\  mouth  ;  r, 
veotrai  endn  of  tbe  second  and  tbird  bran- 
dual  ATchcft  -f  df  upper  limb ;  e,  tivcr  ;  /» 
intevtiiie  cut  ahort ;  1,  iuperior  voim  cava  ; 
1\  left  Mopcrior  cava  or  brachio-cephaiic 
eonnectod  with  the  coronary  tgId  ;  l"\  opetiiag 
of  tiie  inferior  Tena  cnvs ;  2,  ^,  ligbl  And 
left  anncles  :  3,  3'^  right  and  left  Tuntricles  ; 

4,  MJtUc  I'UlU 


nimiimntB,  there  is  very  little  of  the  external  notehiug  to  lie  seen, 
nnd  in  them,  as  in  birds,  the  heart  veiy  early  a*^nme8  the  conical  form. 
The  dngonj^  presents  a  remarkable  example  of  the  jicrsistencc  of  the 
complete  external  reparation  of  the  vcntricleg,  and  in  the  seal  a  tendenry 
has  been  obsened  to  the  occasiunal  occurrence  of  the  eame  variety 
(Ecker,  A.  Thomstm), 
The  internal  &epLum  of  the  ventricles  continuing  to  riae  h<it«KQCxv  ^^ 
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right  and  left  divisions  of  the  cavity,  reaches  at  last  the  base,  where  it  is 
placed  in  relation  with  both  the  auricnlo-ventricular  orifice  and  the  tock 
of  the  arterial  bulb ;  but  at  this  place  there  remains  for  a  time  a  com- 
munication over  the  still  free  border  of  the  sentum  between  the  right 
and  left  ventricles,  which  is  interesting,  as  this  is  the  seat  of  the 
abnormal  communication  between  the  right  and  left  ventricles  in  almoct 
all  cases  of  malformation  of  the  heart  presenting  that  condition. 

Division  of  the  Anpicles.— Although  the  auricular  cavity  presents 
externally  some  appearance  of  being  divided  into  two  at  a  period  ante- 
cedent to  the  partition  of  the  ventricles,  in  consequence  of  the  forma- 
tion of  the  rignt  and  left  auricular  appendages  oefore  mentioned,  the 


Fig.  776. 


Fig.  777. 


Fig.  776. — View  op  thk   front   and  rioht  stdb  of  thi  f<etal  hkakt,  at  won 

X0HTH8,    THK  RIGHT  AURIOLK   BSIKO   LAID  OPEN.      (From  KUian.) 

o,  the  right  auriculo-Tentricular  opening  ;  b,  a  probe  passed  ap  the  rena  cara  laleiiM 
and  through  the  fossa  oralis  and  foramen  ovale  into  the  left  auricle  ;  c,  Tena  cara  inierior ; 
e,  Eustachian  yalve  ;  v,  yalve  of  the  foramen  orale ;  i,  f',  vena  cava  superior. 

Fig.  777. — View  of  the  posterior  and  left  surface  of  the  heart  of  a  raiti 

OF  FOUR  IIONTHS,    THE   LEFT  AURICLE   BEING  OPENED.      (From  Kiliail.) 

a,  left  auricular-ventricular  orifice  ;  c,  inferior  vena  cava,  through  which  a  probe  A»  * 
passed  from  below,  and  thence  by  the  foramen  ovale  into  the  left  auricle  ;  e^  left  anriculu 
appendage  laid  open  ;  o,  valve  of  the  foramen  ovale  seen  to  be  attached  to  the  left  side  el 
the  annulus  ovalis  of  the  septum. 

internal  division  of  the  cavity  docs  not  take  place  till  some  time  later 
as  on  the  fifth  and  sixth  days  in  the  chick,  and  in  the  eighth  week  it 
the  human  embryo.  The  auricular  septum  commences  as  an  interzul 
fold  proceeding  from  the  anterior  wall  of  the  common  cavity,  and  stiit- 
ing  from  the  septum  of  the  ventricles,  it  grows  backwards  towards  tin 
entrance  of  the  conmion  vein  or  sinus,  but  stops  short  of  it  some  dis- 
tance. For  a  time,  therefore,  the  veins  enter  the  back  part  of  iht 
common  auricular  cavity.  It  is  proper  to  explain,  however,  that,  by  ti« 
^me  at  which  the  auricular  septum  is  forming,  the  venous  sinus  has  Uf  u 
ad  io  aa  to  produce  three  veins  entering  the  auricle  at  iu  bsnk 
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part.  Of  these,  two  correspond  to  the  permanent  right  superior  and 
the  mfcrior  cava  veins,  and  the  third  to  a  left  fiuperior  cava  connected 
with  what  afterwards  becomes  the  coronary  simiB.  For  a  time,  ail  the 
three  vessels  open  so  as  to  communicate  freely  with  the  whole  auricular 
cavity.  But  changes  now  occur  which  cause  the  left  superior  cava  and 
the  inferior  cava  to  be  directed  towards  the  left  side,  while  the  right 
superior  cava  is  placed  mora  immediately  in  connectioa  with  the  righi 
part  of  the  auricular  cavity, 

The  auricular  septum,  in  extending  itself  backwards,  is  not  completed, 
but  leaves  an  oval  deficiency  in  its  lower  and  middle  part,  as  the  forafjtm 
0Pak,  and  the  inferior  cava  opens  immediately  behind  this  aperture, 
Some  time  later,  or  in  the  human  embryo  in  the  course  of  the  tenth 
or  eleventh  week,  two  new  folds  make  tnefr  appearance  iu  the  auriclea 
posteriorly.  One  of  these,  constituting  the  Eustachian  ralve^  of  a 
crescentic  form»  is  placed  to  the  right  of  the  entrance  of  the  inferior 
Tena  cava,  and  in  the  angle  between  it  and  the  orifice  of  the  left  superior 
cava  (or  great  coronary  sinus).  This  fold,  besides  separating  these  two 
TeinBy  and  thus  throwing  the  opening  of  the  left  superior  cava  into 
exclusive  communication  with  the  right  auricle,  runs  forward  into  the 
annulufl  ovalis  or  border  of  the  anterior  auricular  septum,  deepening  the 
entianoe  of  the  inferior  cava  into  a  groove  close  to  the  foramen  ovale, 
and  thus  directing  the  blood  entering  by  that  vessel  through  the  foramen 
into  the  left  auricle,     (Kilian,  237). 

The  other  fold  referred  to  advances  from  the  posterior  wall  of  the 
common  auricle  to  meet  the  anterior  auricular  septum,  but  to  the 
left  of  the  border  of  the  foramen  ovale.  To  this  bonier,  however,  it 
adheres  as  it  grows  forwards,  and  thus  gradually  fills  up  the  floor  of  the 
Ibflsa  ovalis.  Up  to  the  middle  of  fcetal  life,  this  posterior  septum  being 
incomplete,  there  is  a  direct  passage  from  right  to  left  through  the 
foramen ;  but,  afler  that  period,  the  fold  in  question,  kiving  advanced 
beyond  the  anterior  border  of  the  annulus  ovalia  and  lying  to  the  left, 
does  not  adliere  to  this  or  the  fore  part  of  the  annulus,  but  leaves  a 
pamige  between,  aud  appears  as  a  crescentic  fold  in  the  left  auricle, 
which,  as  it  passes  beyond  the  annulus,  constitutes  in  the  last  three  or 
four  months  a  very  perfect  valve  against  the  return  of  blood  from  the 
left  into  the  right  auricle. 

UdvudozL  of  tlie  JUrterial  Bulb, — The  third  important  change 
oocarrin^  in  the  heart  btlongs  to  the  arterial  bulb,  by  which  there  are 
developed  from  this  tube  the  first  parts  or  main  stems  of  the  pulmonary 
artery  and  the  aorta.  Within  the  thick  walls  of  this  arteria!  tube  there  i« 
at  first  only  a  single  subeylindrical  cavity,  continued  from  the  originally 
uingle  ventricle ;  but,  soon  after  the  partition  of  the  ventricular 
cavity  has  commenced,  or  in  the  humjm  embryo  of  the  seventh  week,  a 
division  of  the  bulb  by  an  independent  process  begins  to  take  place, 
Tbifl  consists  in  the  projection  inwards  from  the  distal  end  of  the  balb 
of  a  fold  of  the  wall,  involving  at  first  only  the  inner  and  middle  coats, 
aofe  perceptible  exteraally,  and  advancing  more  rapidly  on  the  two 
mieB  than  in  the  middle.  The  cavity  of  the  bulb  is  thus  divided  into 
two  channels,  which  may  be  described  as  respectively  anterior  and  poe- 
terior,  but  which,  from  the  spiral  direction  taken  by  the  folds,  are  some- 
what twisted  on  each  other,  so  that  the  channel  which  at  the  ventricular 
eod  is  placed  anteriorly  becomes  connected  with  the  right  ventricle  and 
forms  the  pulmonary  stem,  and  that  which  is  placed  posteriorly  h^Qxii^a 
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oonnectcd  ^ith  the  left  Tentricle  and  forms  the  commenoement  of  tk 
aorta.  In  the  distal  portion  of  the  balb,  however,  the  polmociT 
channel  is  situated  to  the  left  and  posteriorlj,  and  the  aoitic  dnioi 
is  to  the  right  and  most  forwards ;  and  at  tliis  end  these  chaimek  is 
respectively  connected  with  different  aortic  arches,  giving  rise  to  ik 
permanent  pulmonic  and  systemic  vessels  in  the  manna  iftemn 
described.    (Tonge,  No.  248). 

It  is  further  to  be  noted  that  the  partition  of  the  bulb  begins  a: » 
remote  extremity  between  the  fourth  and  fifth  aortic  arches,  andadvun 
towards  the  ventricles.  There  is  a  time,  therefore,  during  whidi  if 
ventricular  septum,  and  the  septum  of  the  bnlb,  advancing  towards  ac 
other,  are  incomplete  and  disunited  ;  and  from  the  difference  in  dxi 
general  direction  it  is  obvious  that  the  septum  of  the  bulb  mM  h 
twisted  upon  itself,  in  order  that  it  may  finally  nnite  and  become  oj& 
tinuous  w  ith  that  of  the  ventricles. 

The  completion  of  the  partition  of  the  aortic  and  pulmonary  smb 
is  afterwards  effected  by  the  progress  of  the  division  nx)m  within  oc- 
wards  through  the  external  walls  of  the  tubes  ;  but  the  two  ^mk 
still  remain  united  externally  by  a  common  envelope  of  pericardium. 

The  remarkable  cases  sometimes  observed  of  abnormal  transpofiooi 
of  the  two  great  arterial  stems  from  their  natural  connection  with  tba 
respective  ventricles  may  be  explained  by  reference  to  the  histoiy  of  ik 
development  of  the  parts  of  the  heart  before  given. 

Formation  of  the  ValTes.— The  formation  of  the  anricoIo-Tentzicolir  mi 
semilmiar  valves  takes  place  in  the  coarse  of  the  second  and  third  montltf  is  ike 
human  embryo.  The  semiluiar  valves  of  the  aorta  and  polmonazy  uUsjwt 
formed  simnltaneonsly ;  and  according  to  Ton^*8  observations  in  the  diick.  4e 
plates  or  projections  of  the  endocardiac  lining  which  give  rise  to  the  Ttlmm 
already  formed  before  the  septom  of  the  bolb  has  reached  the  ventride.aadA? 
arise  at  some  distance  from  the  ventricular  orifices.  The  ventral  anddvf 
valves  are  the  first  to  appear.  KoUiker  has  observed  these  valves  in  the  cbbi 
of  formation  in  the  human  embryo  of  seven  weeks.  The  segments  are  at  intrf 
unequal  size,  one  being  much  shorter  than  the  other  two.  The  sinuMi  aze  wkA 
later  in  being  formed. 

The  auriculo- ventricular  valves  have  been  shown  by  the  observations  of  64* 
baur  (No.  89),  Bemays  (No.  250),  and  Kolliker  (No.  28,  i.),  to  be  formed  oUtf 
plates  which  are  originally  part  of  the  inner  waU  of  the  ventricles  and  mat^ 
ventricular  orifices.  In  connection  with  this  it  may  be  mentioned  ^•J  the  ^ 
wall  of  the  ventricles  is  in  the  earlier  condition  of  the  human  heart,  is  itA' 
of  all  animals,  of  a  remarkable  spongy  or  reticulated  stmctore — a  oondicioB  vhd 
remains  persistent  throughout  life  in  most  of  the  i^wlmn^ff  belonging  to  thednt 
lower  vertebrate  classes  :  but  in  birds  and  tnntntni^i^  the  reticulated  ftnccai' 
gradually  lost  by  the  solidification  of  the  waU  advancing  fiT>m  the  ooxaif  ^ 
wards,  and  the  columnsB  camece  and  musculi  papiUares  may  be  regarded  ae  ^ 
vestiges  of  the  reticulation  internally. 

The  inner  plates  from  which  the  auriculo- ventricular  valves  are  fonDtdtf^ 
tain  at  first  a  considerable  amount  of  muscular  substance,  which  aftexwdfa* 
great  measure  disappears. 

In  the  latter  changes,  by  which  the  inner  plates  are  moulded  into  the  foni  ^ 
structure  of  the  valvular  flaps,  the  upper  or  auricular  part  becomes  fibrooft.  00- 
pact,  and  entire ;  the  lower  or  ventricular  part  breaks  up  into  the  pa{nlbe.  ^ 
retain  their  muscularity  and  their  attachment  to  the  wall  of  the  ventricltf :  *^' 
the  intervening  portion  is  more  completely  divided  to  form  the  thinner  dK*5« 
tendinesB  in  which  the  muscular  structure  is  in  a  great  mea.<ur^  or  entrntj  ^ 
The  division  of  the  whole  plates  into  the  larger  segments  of  the  valTes  k^:^ 
"liiueB  these  changes. 
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The  manner  in  which  the  puhnonaiy  veins,  which  are  formed  sepa- 
rately in  the  lungs,  come  to  be  connected  with  the  left  auricle  has  not 
jet  been  ascertained. 

No  further  important  changes  occnr  in  the  internal  stmcture  of  the 
heart,  but  there  are  some  which  affect  the  external  form  and  thickness 
of  its  walls.  In  early  foetal  life  the  size  of  the  heart  bears  a  considerably 
greater  proportion  to  that  of  the  body  than  at  a  later  period.  At  birth 
it  is  still  proportionally  large.  For  some  time  the  auricular  portion 
remnins  more  voluminous  than  the  ventricular,  but  in  the  latter  half  of 
foetal  life  the  permanent  proportion  is  more  nearly  established.  The 
walls  of  both  ventricles  are  also  thicker  than  in  after  life,  and  it  is 
especially  deserving  of  notice  that  the  wall  of  the  right  is,  up  to  near 
the  time  of  birth,  quite  as  thick  as  that  of  the  left — a  peculiarity 
which  may  be  connected  with  the  office  of  the  right  ventricle  to  propd 
the  blood  of  the  foetus  through  the  extended  com-se  of  the  ductus  arte- 
riosus, the  descending  aorta  and  the  placental  circulation. 


IZ.   DZVXIiOPMaNT   OF   THIS   BliOOD-VXBBBIia 

The  Principal  Arteries.  The  Aorta. — ^The  most  interesting  part 
of  this  history  is  that  relating  to  the  development  of  the  aorta  and  the 
lai^r  vessels  arising  from  it. 

In  all  vertebrates  the  arterial  vessels  proceeding  from  the  ventral  aortic 
bnlb  of  the  heart  form  five  (and  in  some  more)  pairs  of  arches  sur- 
rounding the  anterior  or  pharyngeal  part  of  the  alimentary  canal,  and 
after  a  certain  progress  in  development,  uniting  dorsally  into  the  roots 
of  the  aorta  of  the  trunk.  At  nrst,  however,  there  is  only  one  pair  of 
these  arches,  and  these  arc  continued  separately  into  the  two  vessels 
which  represent  the  primitive  state  of  the  aorta. 

It  was  first  suggested  by  Serres,  and  subsequently  proved  by  the  writer 
of  this  chapter,  by  means  of  sections  (No.  230, 1831),  that  the  main  aorta 
is  formed  by  the  median  fusion  of  the  two  vessels  previously  separate. 
This  fusion  begins  in  the  chick  alK)ut  the  fortieth  hour  in  the  middle  of 
the  dorsal  region,  and  extends  forwards  till  it  reaches  the  roots  of  the 
tyranchial  arches,  and  backwards  as  far  ultimately  21s  the  division  into  the 
iliac  arteries.  AVhen  this  union  reaches  the  place  where  the  vitelline 
arteries  pass  out  on  each  side,  these  vessels,  each  of  whicrh  was  previously 
the  contmuation  merely  of  one  of  the  primarv  main  arteries,  appear  now  as 
branches  of  a  single  and  median  aorta,  ^he  ilinc  niv.  the  next  large 
yessels  formed  from  the  hinder  part  of  the  aorta.  The  fii-Kt  vessels 
belonging  to  these  tninks  are  not,  however,  those  of  the  lower  limbs, 
for  these  do  not  yet  exist;  but  rather  the  umbilical  or  hyiH)(r{istric 
arteries,  developed  at  a  very  early  period  in  connection  with  the  allantois, 
and  subsequently  attaining  to  a  large  size  alonj,^  with  the  j:n»wth  of  the 
placenta.  As  the  limbs  are  formed,  the  arteries  are  developed  in  them 
which  afterwards  Ixjcome  the  ili.ic  divisions  of  the  main  aorta :  but  they 
are  for  a  long  time  comparatively  small,  while  the  nnihilical  arteries  are 
of  very  large  size,  fo  that,  even  up  to  the  conclusion  <»f  IVetal  life,  these 
last  appear  to  form  the  principal  part  of  the  two  lar;:e  vessels  into  which 
the  aorta  divides. 

The  relation  of  the  proocss  of  mcHial  fusion  of  tlie  orijrinally  doiiMc  aorta  to 
the  occurrence  of  a  permanent  double  canal  in  that  tcshcI  as  a  mvAloTEciBX.vstL^ 
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deeoribed  by  Vrolik,  Schroder  van  der  Kolk,  and  Cruveilhier.  and  obeerred  ak 
by  Allen  Thomson,  has  already  been  referred  to  in  vol  i,  p.  360. 

According  to  Serres,  the  vertebral  arteries  within  the  craniom  are  originill] 
separate,  and  the  basilar  artery  res^dts  from  their  mesial  nnion  or  fosioii  in  Um 
same  manner  as  occurs  in  the  aorta ;  and  the  union  of  the  two  anterior  cen 


r   I 


Fi^.  778.  —DiAORAMXATIO  OUTLIKES  OF  TBI  HSART  AVD  PUMITm  VX9BII.8  OP  TKB 
CHIOS   AS  8KKH  FBOM  BKLOW  AHD  IHLABOXD.       (A  T.) 

A,  soon  after  the  first  establishment  of  the  circulation ;  B,  C,  at  a  aomewhtft  lati 
period  ;  1,  1,  ^e  veins  returning  from  the  yasculararea  ;  2,  3,  4,  the  heart,  nov  ia  tl 
form  of  a  notched  tube  ;  5,  5  (upper),  the  two  primitive  aortic  arches  ;  5,  5  (lower\  tl 
primitive  double  aorta  ;  a,  the  single  or  united  aorta  ;  5',  5\  the  continoation  id  tl 
double  aort»  beyond  the  origin  of  the  large  omphalo -mesenteric  arteries,  6,  tf.  H 
division  above  4  is  represented  as  carried  rather  too  far  down. 

bral  arteries  in  the  forepart  of  the  circle  of  Willis  is  another  example  of  t) 
same  process.  It  seems  probable  that  the  internal  cross  band  observed  by  Jok 
Davy  in  the  interior  of  the  basilar  artery  may  be  a  remnant  of  the  aepCuB  < 
united  walls  of  the  two  vertebral  arteries. 

Aortic  or  Brancliial  Arches. — The  two  primitive  arterial  aidn 
which  lead  into  the  dorsal  aorta  from  the  arterial  bulb  of  the  mdimentu 
heart,  at  the  time  of  the  establishment  of  the  first  circulation,  are  tl 
most  anterior  of  a  series  of  five  pairs  of  vascular  arches  which  ii 
developed  in  succession  round  this  part  of  the  pharynx;  and  whid 
since  their  discovery  by  Rathke  in  1825  (No.  173),  have  been  rcgank 
with  much  interest,  as  corresponding  with  those  which  are  the  m 
of  development  of  the  subdi\iaed  blood-vessels  of  the  gills  in  fishes  m 
amphibia.  These  vascular  arches  thus  exhibit  in  the  amniota,  alos 
with  the  branchial  clefts  and  visceral  arches,  a  typical  resemblance  to  tl 
structure  of  gills ;  and  although  no  full  development  of  these  respintoi 
organs  occurs  in  such  animals,  they  give  rise  by  their  vanoos  trin 
formations  to  the  permanent  pulmonary  and  aortic  stems  and  ti 
principal  vessels  which  spring  from  them. 

The  form  and  position  of  the  primitive  aortic  arches,  up  to  the  tim 
of  their  transformation  into  permanent  vessels,  or  their  disappettrazhx 
are  nearly  \]li<(^  «aiu&  in.  reptiles^  birds,  and  mammals;  and  tne  nuii 
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■  differencea  in  tbo  scat  and  distributioR  of  the  large  pc'rmaiieot  vessels 

■  are  to  l>e  tracked  to  changes  in  the  piifcency  and  extent  of  jnp-owth  of 

■  the  fiCTcml  arches.  The  live  pairs  of  arches  do  not  all  co-exist  fit  the 
same  time,  for  they  are  devclopwl  iu  succession  from  before  backwards  j 
and  bj  the  third  day  of  incubation,  or  by  the  con-esponding  period  of 
the  fourth  week  in  the  human  embryo,  when  the  posterior  arclies  have 
been  fonned,  already  the  two  anterior  arches,  beginning  with  the  lirst 
one^  have  become  partially  obliterated.    Each  of  the  first  fomr  branchial 

Fig.  779. 


i 


Fig.  779.— Teif»tersi  skction  of  aw  imbhto  rabbit,  of  uihr  dath  jtno  two  aouia, 
J!f  TSK  MiDt^LI  DOKUii  lUMioN.     1^".     (From  Kollikfir. ) 

mr,  meddlarf  tube  ;  uvf^  prot^rertebral  mam  ;  A,  epibUut ;  hp,  parietal  mcsoblaet ; 
t^p,  fifoenJ  dirlBion  of  tbo  mcaobkat ;  pp^  pletiro-peri  toned  cayitj  bet  wee  d  tbeni  ;  ttruj, 
pfimitlre  aegmeutal  duct ;  £r»  TCSseU  in  tlie  Tisoeml  m«8obl«8t ;  chy  notocbord  ;  dr, 
iaievtinal  groore  of  tbe  b jpoblut. 

arches  occupies  a  place  in  the  8ubBtance  of  the  visceral  arches,  and  in 
fifonfc  of  one  of  the  pharyngeal  cleft.%.  The  first  or  anterior  is  therefore 
sitnatcd  in  the  mandibular  arch,  and  in  front  of  the  tympano-Engtaehian 
or  hyomandibular  cleft ;  and  the  fii\h  arterial  arch  is  placed  behind  the 
fourtli  pbaryngeal  cleft  and  in  the  subetanee  of  the  neck%  in  which 
there  is  no  flistinct  areh  in  the  higher  animak,  but  which  is  the  seat  of 
a  developed  branoljial  Imr  in  some  aquatic  vertebrates. 

The  vessels  Uirmintj^  the  arterial  arches  are  given  oflf  on  each  side  in 
mooeBBton  from  two  short  canals,  into  which  tie  primitive  artfjrial  bulb 
diyides  immediately  in  front  of  the  place  where  it  joins  the  neck.  These 
may  be  named  the  ventral  or  anterior  aortic  roots  ;  nml  similarly, 
when  they  have  passed  round  the  wall  of  the  pharynx,  the  i«ranchial 
arches  unite  in  suecessioti  into  a  veseel  on  each  side,  thus  forming  the 
dorsal  or  posterior  aortic  roots. 

On  the  third  and  fourth  days  in  the  chick,  and  from  the  fourth  to  the 
iiiith  week  in  the  hnman  embryo,  there  are  still  tliree  complete  pairs  of 
arterial  archea  passing  round  the  pharynx,  and  connected  both  l>efore 
and  behind  with  the  anterior  and  posterior  aortic  roots  previously  men* 
tioned.  The  transformations  of  these  arches  were  in  part  traced  by  Von 
Boer  and  various  other  observers,  but  the  fuller  knowleage  of  their  clmnges 
is  due  to  the  later  researches  of  Rathke  (No.  240,  iv);  and  although  sr:>me 
points  are  still  left  in  doubt,  their  history  may  now  be  given  from  these 
observations,  which  receive  interesting  iUustratioa  ixmx  iW  mx^'u^va^ 
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of  the  various  examples  of  congenital  maUbrmation^  the  greater  nnmbei 
of  which  are  manifestly  relat^  to  variations  in  the  natural  mode  oi 
development  (see  Fig.  780). 

From  these  researches  it  appears  that  the  permanent  vessels  owe  their  formi 
tdon  to  the  persistence  of  certain  of  the  foetal  arches  or  parts  of  them,  whil 
other  arches  or  portions  of  them  become  obliterated  and  disappear.  Thus  it  i 
ascertained  that  in  mammals  the  main  aortic  arch,  which  in  the  adolt  passes  t 


Fit*.  780.  Fig.  780. — DiAoaAM  ov   ths  aoitic  o 

BBAKOHIAL  TASCVLiJl  AKCHKS  OF  Tl 
MAMMAL,  WITH  THKIK  TRAJCSrOEMATlO] 
OIYUrO  RISE  TO  THX  PUIMABKVT  AKTHL 

TBS8EL8.  (After  Bathke,  sli^tly  i 
tared.) 

A,  P,  primitire  arterial  stem  or  sort 
bulb,  now  diyided  into  A,  the  asesadii 
part  of  the  aortic  arch,  and  P,  the  pi 
monary ;  a,  the  right ;  a',  the  left  aod 
root ;  A',  the  descending  aorta.  Oi  tl 
right  side,  1,  2,  8,  4,  6  indicate  the  i 
primitiTO  arterial  arches ;  on  the  k 
side,  I,  II,  111,  IT  the  four  pbaxTBCi 
clefts,  which,  for  the  sake  of  clearnesB,  1m: 
been  omitted  on  the  right  side.  It  will 
obserred,  that  while  the  fourth  and  if 
pairs  of  arches  rise  frcm  the  part  of  ti 
aortic  balb  or  stem,  which  is  at  first  i 
diTided,  the  first,  second,  and  third  psi 
are  branches  aboTO  c,  of  a  secondszy  sli 
on  each  side.  The  permanent  ^jrta 
Teasels  are  represented  in  deep  shads,  ti 
pulmonary  arteries  lighter  ;  the  parts 
the  primitiTO  arches  which  hsTs  ealj 
temporary  existence  are  drawn  in  outline  only,  c,  placed  between  the  peimancnt  ea 
mon  carotid  arieries  ;  ce,  the  external  carotid  arteries  ;  n,  ci',  the  right  and  left  intsn 
carotid  arteries  ;  «,  the  right  subclavian  rising  from  the  right  aortic  root  beyond  t 
fifth  arch ;  r,  the  right  vertebral  from  the  same  opposite  the  fonrth  arch ;  i^^i^fi 
left  Tertebral  and  subclarian  arteries  rising  together  from  the  left  or  permanent  ssil 
root  opposite  the  fourth  arch  ;  P,  the  pulmonary  arteries  rising  together  from  the  I 
fifth  arch  ;  d,  the  outer  or  back  part  of  the  left  fifth  arch,  forming  the  ductus  artcrion 
pn,  pn\  the  right  and  left  pneumogastric  nerves,  descending  in  front  of  the  son 
arches,  with  their  recurrent  branches  represented  diagrammatically  as  passing  bckis 
with  a  view  to  illustrate  the  rektions  of  these  nerves  respectively  to  the  right  snbckvi 
artery  (4)  and  the  arch  of  the  aorta  and  ductus  arteriosus  (d). 

the  left  of  the  trachea  and  gnllet,  is  formed  by  the  persistence  of  the  foon 
embryonic  arterial  arch  of  the  left  side,  which  not  only  remaina  patent,  ai 
is  connected  with  the  aoi:tio  stem  of  the  arterial  bnlb,  bnt  by  the  incres 
of  its  width  and  the  thickness  of  its  walls  keeps  pace  in  its  rate  of  growth  wi 
that  of  other  parts  of  the  body,  so  that  it  soon  surpasses  all  the  rest  of  the  arch 
in  its  dimensions.  In  birds,  however,  the  permanent  aortic  arch  is  on  the  rigi 
of  the  trachea  and  gnllet,  being  formed  by  the  persistence  of  the  fourth  embr; 
onio  arch  of  the  right  side ;  while,  in  all  reptiles,  as  there  are  two  permaaei 
aortic  arches,  it  is  by  the  persistence  of  both  the  right  and  left  fourth  ar^ 
that  the  two  aortas  are  produced,  the  right  being  that  which  is  most  directfycoi 
nected  with  the  systemic  or  left  ventricle. 

The  pulmonary  arteries  of  mammals  would  appear  from  Rathke*s  obserratioast 
he  developed  in  connection  with  only  one  foetal  arterial  arch — via.,  the  fifth  c 
the  left  side — from  the  middle  part  of  which  they  are  formed  as  branches,  and  th 
whole  fifth  arch  of  the  right  side  after  a  time  undergoes  atrophy  and  ohliteiatioc 
The  fizat  part  of  the  left  fifth  arch,  beooming  the  common  polmonaiy  «Klii7f  > 
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with  that  divuion  of  the  arterial  bulb  which   Ib  Beparated  as  the 

kcmary  stem ;  but  the  remote  part  of  thia  arch  al«o  remaiDii  fully  patent, 

imdergoiug  derelopmeiit  equallj  with  the  rest  of  its  extent,  continuoA  to 

to  the  te/t  root  of  the  aorta  qm  ductus  artoriojjiifi  Botalll,  which  Berves  to 

the  blood  from  the  right  ventricle  of  the  f cetal  heart  into  the  deticendiii^ 

bttt  becomea  obliterated  at  the  time  of  birth. 

diust  IB  therefore  in  mammak  due  to  a  persktent  condition  of  the  fifth 

branchial   arch  ;    but,  in   hird^  and   reptiles,  the    process   of  transforma* 

ion  is  somewhat  different^  for  in  thtMn  the  right  and  left  pulmonaij  arteriea 

Bjexcepting-  in  those  serpents  in  which  there  ia  only  one  Imig  developed)  are 
Sormed  in  connection  with  the  respeotive  tight  and  left  fifth  branchial  arohefl, 
^nd  there  are  thuta  two  dnctus  arterioei  daring  foetal  life,  the  short  one  of  the 
light  aide  corres|)onding  to  that  which  is  Ir/t  or  Riniutral  in  mammals,  and  the 
bnger  one  of  the  left  Bide  pasfilng  round  the  pharyiuc  into  the  left  aortic  root. 
^th  of  theee  arches  are  obliterated  at  the  time  of  the  exduBion  of  the  biitl  from 
ihe  egg  ;  but  in  some  reptiles  the  ductus  arterioai  remain  pennaaeutly  open 
iiiuing  life. 

The  Bubolavian  and  rertebral  arteries  were  shown  by  Rathke  to  spring  from 
posterior  aortic  roots  at  a  place  between  the  junction  of  the  fourth  and  fifth 
In  mammalar  the  vessels  on  the  left  side  are  from  the  first  in  direct 
ponnection  with  the  aortic  root  at  the  place  which  they  permanently  occupy  ; 
Imt  upon  the  right  side,  as  the  fourth  arch  and  the  aortio  root  are  obliterated 
■^losteriorly,  the  passage  for  blood  from  the  aortic  stem  into  the  subclavian  trunk 
i^  formed  by  the  persistence  of  the  forepart  of  the  fourth  right  arch  as  far  aa 
ihe  place  where  it  meets  the  origin  of  the  subclavian  and  vertebral  arteries. 
IChm  oo<mmon  carotid  trunks,  occupying  the  region  which  afterwards  becomes 
neck,  but  which   is  at  firwt  absent  or  extremely  short,  are  formed  by  the 
terior  divisiouH  of  the  aortic  roots ;  while  the  external  carotid  artery  la  due  to 
persistence  of  a  channel  in  the  continuation  of  each  anterior  aortic  root,  and 
e  internal  carotid  artery  arises  from  the  persistence  of  the  crossing  third  arch 
id  the  upper  part  of  the  posterior  aortic  root. 
Thus  it  fails  out  that,  in  man  and  a  certain  number  of  mammals,  an  in- 
nominate artery  is  formed  on  the  right  side  by  the  union  of  the  first  part  of  the 
f  ourUi  right  aortic  arch  leading  into  the  right  subclavian  mth  the  right  anterior 
aortic  root  which  forms  the  common  carotid  ;  whOe,  on  the  left  side,  the  carotid 
And  Bubclaviau  vessels  rise  separately  from  the  permanent  aortic  arch  in  couse- 
(qoeoce  of  the  distance  between  them  in  the  original  fcetal  condition. 

It  does  not  come  within  the  scope  of  this  work  to  dej»cribe  the  further  steps 
^f  development  of  these  veseels,  nor  to  enter  into  an  explanation  of  the  maimer 
'fn  which  abnormal  pofdtion  of  the  arch  of  the  aorta  and  its  branches,  or  of  the 
jyulmoDary  arteries,  may  be  suppcMsed  to  arise.  For  further  informutlon  on  this 
ffubject  the  reader  is  referred  to  the  short  account  of  the  varieties  given  in  the 
description  of  the  blood-vessels  in  the  first  volume  of  this  work^  as  well  as  to  the 
third  volume  of  Henle's  Handhuch,  and  to  the  special  works  of  Tiedomann  and 
I  fiichard  Qualu  on  the  arteries. 


II 


THE  GEEAT  VEINa 


II       In  the  early  embryo,  before  the  development  of  the  allantoic*,  a  right  and  a 
')  left  vitelline  (or  omphalo*meseuteric)  vein  bring  back  the  hlood  from  the  walls  of 
.^he  umbilical  veiiicle,and  unite  to  form  a  short  trunk,  the  meatus  venosus,  which 
is  continued  into  the  auricular  extremity  of  the  rudimentary  heart. 

In  the  first  commencement  of  the  allantoid  circulation,  or  in  the  fourth  week 

of  foetal  Ufe,  two  umbilical  veins  are  seen  coming  from  the  placenta,  and  uniting 

'to   form   a   short  trunks  whicih   opens  into  the  common  vitcUine  vein.    Very 

aoon  the  right  vitelline  vein  and  right  umbilical  vein  disappear.    In  connection 

,  with  the  common  trunk  of  these  veins,  proceeding  to  the  liver,  two  sets  of 

I  Teasels    make    their   appearance    in    the  early  stage  of   its  growth.       Those 

farthest  from  the  heart,  named  ven^  hrpaticm  advehfntfs,  become  the  right  and 

L  left  divisions  of  the  poital  vein  ;  the  others  are  the  hepatic  veins,  vence  hepatietf 

yr^erhrfUe*.    The  portion  of  ves^l  intervening  between  those  two  sets  of  Teina 
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forms  the  ductus  venotus,  and  the  part  above  the  hepatic  Tein,  being  sabeeqiicsitij 
joined  by  the  ascending  vena  cava,  forms  the  upper  extremity  of  that  Tein.  Into 
the  remaining  or  left  vitelline  vein  there  open  the  mesenteric  and  splenic  tobi 
The  part  above  the  latter  forms  the  tnmk  of  the  portal  vein ;  and  the  poctioii 


Fig.  781. — DlAGRAXS   ILLU^aATIVO  THI 
DKWLOPXBKT    OF    THS    GftlAT    VHH 

(After  Kolliker.) 

A,  plan  of  the  principal  veins  of  tk 
foetus  of  about  four  weeks,  or  soon  afUr 
the  first  formation  of  the  vessels  of  tke 
lirer  and  the  vena  cava  inferior. 

B,  veins  of  the  liver  at  a  somewlat 
earlier  period. 

C,  principal  veins  of  the  foptus  sfkcr 
the  establishment  of  the  placental  dict- 
lation. 

D,  Teins  of  the  liver  at  the  sum 
period. 

dCt  the  right  and  left  ducts  of  Qma  \ 
00,  the  right  and  left  cardiiial  veiis; 
jf  j,  the  jugular  veins  ;  9,  the  sobdariss 
veins  ;  eu,  the  azygos  vein  ;  «,  the  ui- 
bilical  or  left  umbilical  vein ;  «*,  ia  B, 
the  temporary  right  umbilical  veia ;  a,  tk 
vitelline  vein;  o',  the  rig^i;  «,  tk 
mesenteric  veins;  />,  the  portal  vcib; 
P',  /",  the  Tense  advehentes  ;  2,  the  dat- 
tus  venosus ;  V,  l\  the  hepatic  veist ; 
ct»  vena  caTa  inferior ;  i2,  the  dfrisMS 
of  the  vena  cava  inferior  into  eoauDos 
iliac  veins;  n*,  the  external  iliac  « 
crural  veins ;  A,  the  hypogastric  or  ia* 
temal  iliac  reins,  in  the  line  of  eontiBai- 
tion  of  the  primitive  cardinal  veins. 

In  C,  /t,  in  dotted  .Mnes,  the  trsas- 
rerse  branch  of  communication  betwea 
the  jugular  veins  vhich  forms  the  kfi 
brachiocephalic  vein  ;  rt,  the  rigkl 
brachio- cephalic  vein  ;  ra',  the  remaiai 
of  the  left  cardinal  vein  by  which  tb 
superior  intercostal  veins  fall  into  the 
left  brachio-cephalic  vein  ;  above  P,  the 
obliquely  crossing  vein  by  which  theh^- 
azygos  joins  the  azygus  vein. 


of  vessel  between  the  union  of  this  with  the  umbilical  vein  and  the  origia 
of  the  vense  hepaticas  advehentes  is  so  altered  that  the  portal  tmnk  opo^ 
into  the  commencement  of  the  right  vena  advehens. 

At  the  time  of  the  commencement  of  the  placental  circulation,  two  liba^ 
transverse  venous  trunks,  the  ducU  of  Cuvier,  open,  one  on  each  «de,  into  the 
auricle  of  the  heart.  Each  is  formed  by  the  union  of  a  superior  and  an  inferioi 
vein,  named  respectively  \)ie  primitive  jugular  and  the  cardinal. 

The  primitive  jugular  vein  receives  the  blood  from  the  cranial  cavity  hi 
channels  iu  front  of  the  car,  which  are  subsequently  obliterated  :  in  the  grcattf 
part  of  its  extent  it  becomes  the  internal  jugular  vein  ;  and  near  its  lower  end 
it  receives  small  branches,  which  grow  to  be  the  external  jugular  and  suhdariis 
veins.  The  cardinal  veins  are  the  primitive  vessels  which  return  the  blood  fmo 
the  Wolffian  bodies,  the  vertebral  column,  and  the  parietes  of  the  trunk*  Thf 
inferior  vena  cava  is  a  vessel  of  later  development,  which  opens  into  ih* 
tnmk  of  the  umbilical  and  vitelline  veins,  above  the  venae  hepatice  rptv- 
bentes.    The  iliac  veins,  which  unite  to  form  the  inferior  vena  cava. 
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cate  with  the  cardinal  veinfl.  The  inferior  extremities  of  the  cardinal  veins  are 
persistent  as  the  internal  iliac  veins.  Above  the  iliac  veins  the  cardinal  veins 
are  obliterated  in  a  considerable  part  of  their  course  ;  their  upper  portions  then 
become  continuous  with  two  new  vessels,  Hie  posterior  vertebral  vtifut  of  Bathke, 
which  receive  the  lumbar  and  intercostal  twigs. 
As  development  proceeds,  the  direction  of  the  ducts  of  Cuvier  is  altered  by  the 

Fig.  782. 


9ig.  782. — A  nnd  R. — DiAORAincATio  ouTLiiris  o?  thb  wsnav  or  the  left  supiBioa 
CAVA  AND  uF  A  CASE  uF  ITS  PEB8I8TE5CK.     (SketcLe<l  after  Mark  hall. )     1. 

A,  brarhio-ccphalic  veins  with  the  8ux>erior  intercofital,  azygon,  and  principal  cardiac 
vnns.     (In  this  and  in  H  the  veins  arc  supposed  to  be  seen  frum  before. ) 

H,  the  same  in  a  case  of  persistence  of  the  left  superior  cava,  showing  its  communication 
with  the  sinus  of  the  coronary  vein.  The  views  are  supposed  to  be  from  before,  the  parts 
of  the  heart  !)cing  rcmovc<l  or  seen  through. 

1,  1',  the  internal  jugular  veins  ;  2,  2f,  subclavian  veins  ;  3,  right  innominate  ;  3',  right 
or  regular  superior  cava  ;  4,  in  A,  the  left  innominate  ;  in  H,  the  tnin&verse  or  communi- 
cating vein  lAitwecn  the  right  and  left  superior  veniu  cavw ;  5,  in  A,  the  opening  of  the 
superior  intcrco^t^d  vein  into  the  innominate  ;  t>\  vesti^'c  of  the  left  Kui»erior  cava  or  duct 
cf  Cuvier ;  5,  f/,  in  B,  the  left  vena  cava  superior  abnomially  pcrsihtcnt,  along  with  a 
oontncted  condition  of  4,  the  communicating  vein  ;  6,  the  sinus  of  the  coronary  vein ;  6', 
tnanches  of  the  coronary  veins ;  7»  the  superior  intercostal  trunk  of  the  left  Hide,  or  left 
cardinal  vein  ;  8,  the  principal  azygos  or  right  cardinal  vein  ;  7',  h',  sonic  of  the  upper 
intercostal  veins ;  9,  the  oiKjuing  of  the  inferior  vena  cava,  with  the  Eustachian  valve. 

descent  of  the  heart  from  the  cervical  into  the  thoracic  region,  and  becomes 
tlie  same  as  that  of  the  primitive  jugular  veinn.  A  communicating  branch 
makes  its  appearance,  directed  transversely  from  the  junction  of  the  left  sub- 
olavian  and  jugular  veins,  obliquely  across  the  middle  line  to  the  right 
jngnlar  ;  and  further  down  in  the  dorsal  region  Uaween  the  posterior  vertebral 
Tains  a  communicating  branch  passes  obliquely  across  the  middle  line  from  right 
to  left.  The  communicating  branch  between  the  primitive  jugular  veins  is  con- 
Tcrted  into  the  left  brachio-cephalic  or  innominate  vein.  The  jiortion  of  vessel 
between  the  right  subclavian  vein  and  the  termination  of  the  communicating  branch 
becsomes  the  right  brachio-cephalic  vein.  The  portion  of  the  primitive  jugular 
Tdn  below  the  communicating  vein,  together  with  the  right  duct  of  Cuvier,  forms 
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the  vena  cava  superior,  while  the  cardinal  vein  opening  into  it  is  the  extzemitj  of 
the  great  vena  azjgos.  On  the  left  side,  the  portion  of  the  primitiTe  jugular  Yein 
placed  below  the  communicating  branch,  and  the  cardinal  and  posterior  yertebnl 
yeins,  together  with  the  cross  branch  between  the  two  posterior  yertebral  reins,  lie 
couTerted  into  the  left  superior  intercostal  and  left  superior  and  inferior  a^ygos 
veins.    The  variability  in  the  adult  arrangement  of  these  vesselB  depends  on  tlie 

Fig.  783.  Fig.  788.— ViKW  of  thk   total  hxait 

AND  ORKAT  VKSSXLS,  FROM  THR  LIFT 
SIDR,  TO  SHOW  THR  TRSnOB  OF  TRI 
LRFT      SUPRRIOR     CAVA     TROI     Ol     UTT. 

(This  figure  is  planned  after  one  d 
Marshall's,  and  slightly  altered  aoooid- 
ing  to  an  original  dissection.) 

a,  right  auricle  ;  5,  left  auricle  and 
pnlmonary  reins  ;  c,  the  con  as  aiteriasai 
of  the  right  ventricle ;  cf,  the  left  tcb- 
tricle  ;  e,  descending  aorta  ;  + »  vestigisl 
fold  of  the  X)ericardiam  ;  /,  aich  ol  thi 
aorta,  with  a  part  of  the  pericardiaB 
remaining  saperiorly  ;  </,  main  poliMBSiy 
artery  and  ductus  artericeus  ;  /,  kft  pil- 
monary  artery ;  1, 1',  right  and  left  ia- 
temal  jugular  veins  ;  2,  2^,  aobdaviia 
veins ;  3,  3',  right  innominate  and  aopeiior 
vena  cava ;  4,  left  innominate  or  oqb- 
municating  vein ;  5,  5',  remains  ol  tht 
left  superior  cava  and  duct  of  Cuvier,  passing  at  +  in  the  vestigial  fold  of  the  periesr- 
dium,  joining  the  coronary  sinus,  6,  below,  and  receiving  above  the  superior  iBteroosliJ 
vein,  7  ;  7',  7',  the  upper  and  lower  intercostal  vein,  joining  into  one. 

different  extent  to  which  the  originally  continuous  vessela  are  developed  oi 
atrophied  at  one  point  or  another.  The  left  duct  of  Cuvier  is  obliterated,  ezoifl 
at  its  lower  end,  which  always  remains  pervious  as  the  coronary  ainna.  Bat 
even  in  the  adult,  traces  of  this  vessel  can  always  be  recognised  in  the 
form  of  a  fibrous  band,  or  sometimes  a  narrow  vein,  which  desoenda  obUqody 
over  the  left  auricle  ;  and  in  front  of  the  root  of  the  left  lung  there  remains 
a  small  fold  of  the  serous  membrane  of  the  pericardium,  the  vestigial  /Mt  so 
named  by  Marshall,  to  whom  is  due  the  first  full  elucidation  of  the  nature 
and  relations  of  the  left  primitive  vena  cava  superior  (No.  253). 

The  left  duct  of  Cuvier  has  been  observed  persistent  as  a  small  vessel  in  the 
adult.  Less  frequently  a  right  and  a  left  innominate  vein  open  separately  into 
the  right  auricle,  an  arrangement  which  is  also  met  with  in  birds  and  in  certain 
mammals,  and  which  results  from  the  vessels  of  the  left  side  being  developed 
similarly  to  those  of  the  right,  while  the  cross  branch  remains  small  or  absent 
(Quain,  No.  243). 

A  case  is  recorded  by  Gruber  (No.  254)  in  which  the  left  vena  azygos  opened 
into  the  coronary  sinus,  and  was  met  by  a  small  vein  descending  from  the  nnioB 
of  the  subclavian  and  jugular.  Here,  then,  the  jugular  veins  had  been  developed 
in  the  usual  manner,  while  the  left  vena  azygoe  continued  to  pour  its  blood  into 
the  duct  of  Cuvier. 


m.    FECUIilARITIZS    OF    THX    FCXTAXi    ORaANS    OF    CIROTJUkTXOS. 

It  may  be  useful  here  to  recapitulate  shortly  the  peculiarities  of  stractaw 
existing  in  the  advanced  stage  of  the  formation  of  the  f cetal  organs  of  circolatias, 
with  reference  to  their  influence  in  determining  the  course  of  the  blood  dnrinf 
intra-uterine  life,  and  the  changes  which  occur  in  them  upon  the  establiahmeBl 
of  pulmonary  respiration  at  birth. 

1.  The  foramen  ovale  retains  the  form  of  a  free  oval  opening  in  the  mptem 
•nricularum  up  to  the  fourth  month,  but  in  the  course  of  that  month  and  the  next 
ttM  giowth  ot  t)ie  valtular  i^laXt  ot  coxUin^  which  fills  np  the  floor  of  the  foe* 
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nralis,  becomes  complete,  so  that  in  the  last  three  and  a  half  months  the  blood 
mak  only  pass  from  the  right  into  the  left  auricle,  but  not  in  a  contrary  direction. 
S.  The  Bnataohian  Valve  constitates  a  crescentio  fold  of  the  lining  stracture 
Iti  the  heart,  which  is  so  situated  as  to  direct  the  blood  entering  the  auricle  by 
kbe  inferior  cava  towards  the  opening  of  the  foramen  ovale. 


i|§.  784. — DiAORAMMATIO  OUTUNK 
OV  TBI  OSGASS  OF  CIBCULATI09 
IM  TI»  FdTUS  OF  SIX  MONTHS. 
(A.T.) 

BAy  right  auricle  of  the  heart ; 
KV,  right  Tentricle  ;  LA,  left 
Mnide  ;  Ev,  eustachian  valve  ; 
LV«  left  rentricle  ;  L,  liver  ;  K, 
kfl  kidney  :  ( ,  portion  of  small 
faliitinr  ;  a,  arch  of  the  aorta ; 
«^,  its  dorsal  part ;  a",  lower  end ; 
mm,  snperior  vena  cava  ;  vci,  in- 
r  vena  where  it  joins  the  right 
veC,  its  lower  end  ;  s, 
— tolansn  vessels ;  j\  right  jugular 
liiiB  ;  Cf  common  carotid  arteries  ; 
isar  curved  dotted  arrow  lines  are 
[  through  the  aortic  and  pul- 
r  opening,  and  the  auriculo- 

Btrkolar  orifices ;  da,  opposite 
t0  the  one  passing  through  the 
y«faBonary  artery,  marks  the  place 
oi  the  ductus  arteriosus ;  a  similar 
aiTOV  line  is  shown  passing  from 
Idhe  Tana  cava  inferior  through  the 
ioMa  ovaUs  of  the  right  auricle, 
aaad  the  foramen  ovale  into  the  left 
amide ;  hv,  the  hepatic  veins ; 
9m,  vena  portsa ;  x  to  vci,  the 
doctiis  venosus ;  uv,  the  umbilical 
wvin  ;  uOf  umbilical  arteries  ;  uc, 
ttmbiliod  cord  cut  short ;  t  i',  iliac 


Fig.  784. 


8.  The  daotns  artarioana 
itobliuhes  a  communication 
twfeween  the  main  pulmonary 
artery  and  the  aorta,  by  whi(^ 
ihm  blood  from  the  right  ven- 
tricle is  carried  mainly  into  the 
donal  aorta. 

4.  Trmbilical  Vessels.— The 
two  large  hypogastric  or  «m- 
kiiical  arteries  J  prolonged  from 
the  iliao  arteries,  passing  out 
of  the  body  of  the  foetus,  pro- 
ceed along  the  umbilical  oord, 

to  be  distributed  in  the  foetal  portion  of  the  placenta.  From  the  placenta  the 
blood  is  returned  by  the  umbilical  vein,  which,  after  entering  the  abdomen,  oom- 
mimicates  by  one  branch  with  the  portal  vein  of  the  liver,  and  is  continued  by 
another,  named  ductus  venotue,  into  one  of  the  hepatic  veins,  through  which  it 
jomB  the  main  stem  of  the  vena  cava  inferior. 

Oonrse  of  the  Blood  in  the  Foetus. — ^The  right  auricle  of  the  foetal  heart 
reoeiYes  blood  from  the  two  vensa  cava  and  the  coronary  vein.  The  blood 
faEonght  by  the  saperior  caTa  is  simply  the  venous  blood  returned  from  the  head 
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and  tipper  half  of  the  body ;  whilst  the  inferior  cava,  which  is  oonndomUj 
larger  than  the  superior,  conveys  not  only  the  blood  from  the  lower  half  of  tiie 
body,  but  also  that  which  is  returned  from  the  placenta  and  from  the  hTcr. 
This  latter  stream  of  blood  reaches  the  vena  cava  inferior,  partly  by  a 
direct  passage-^the  ductus  venotuM — and  partly  by  the  hepatic  veins,  which  boBf 
to  the  vena  cava  inferior  all  the  blood  circulating  through  the  liver,  whether 
derived  from  the  supply  of  placental  blood  entering  that  organ  by  the  nmbflittl 
▼ein,  or  proceeding  from  the  vena  ported  or  hepatio  artery. 

The  blood  of  the  superior  vena  cava,  passing  from  the  right  aoride  into  the  rigkt 
ventricle,  is  thence  propelled  into  the  trunk  of  the  pulmonary  artery.  A  small  part 
of  it  is  distributed  through  the  branches  *of  that  vessel  to  the  longs,  sad 
returns  by  the  pulmonary  veins  to  the  left  auricle ;  but,  as  these  Teasds  xcmsia 
comparatively  undilated  up  to  the  time  of  birth,  by  far  the  larger  part  pasm 
through  the  ductus  arteriosus  into  the  dorsal  aorta,  and  is  thence  distrOivfeed 
in  part  to  the  lower  half  of  the  body  and  the  viscera,  and  in  part  is  coiiT^yed 
along  the  umbilical  arteries  to  the  placenta.  From  these  several  organs  it  ii 
returned  by  the  vena  cava  inferior,  the  venas  portse,  and  the  lunbiliGal  veia; 
and,  as  already  noticed,  reaches  the  right  auricle  through  the  tronk  of  the 
inferior  cava. 

Of  the  blood  entering  the  heart  by  the  inferior  vena  cava,  only  a  small  part  if 
mingled  with  that  of  tiie  superior  cava,  so  as  to  pass  into  the  ri^t  Tentricle ; 
by  far  the  larger  portion,  directed  by  the  Eustachian  valve  throngli  the  foamea 
ovale,  flows  into  the  left  auricle,  and  thence,  together  with  the  small  qoantity 
of  blood  returned  from  the  lungs  by  the  pulmonary  veins,  passes  into  the  left 
ventricle,  from  whence  it  is  sent  into  the  arch  of  the  aorta,  to  be  disfcribiiled 
almost  entirely  to  the  head  and  upper  limbs. 

Sabatier  was  the  first  to  call  attention  partioulariy  to  the  action  of  the  Bosta* 
chian  valve  in  separating  the  currents  of  blood  entering  the  right  auricle  by  the 
superior  and  inferior  venie  cav»  (No.  236).  This  separation,  as  well  as  thai 
occurring  between  the  currents  passing  through  the  aortic  arch  and  the  ductal 
arteriosus  into  the  descending  aorta,  was  illustrated  experimentally  1^  Jokm 
Beid  (No.  241).  A  striking  confirmation  of  the  extent  to  which  the  last  mea- 
tioned  division  of  the  two  currents  of  the  foetal  blood  may  take  place,  withool 
disturbance  of  the  circulation  up  to  the  time  of  birth,  is  afforded  1^  the 
examples  of  malformation  in  which  a  complete  obliteration  has  existed  in  the 
aortic  trunk  immediately  before  the  place  of  the  union  of  the  dnctns  azterioioi 
with  the  posterior  part  of  the  aortic  arch. 

CHANGES   IN   THE   CIRCULATION   AT   BIRTH. 

The  changes  which  occur  in  the  organs  of  circulation  and  respiration  at  hizth, 
and  which  lead  to  the  establishment  of  their  permanent  condition,  are  more  imme- 
diately determined  by  the  inflation  of  the  lungs  with  air  in  the  first  respiration,  thesc^ 
companjing  rapid  dilatation  of  the  pulmonary  blood- vessels  with  a  greater  quantity 
of  blood,  and  the  interruption  to  the  passage  of  blood  through  the  plaoentsi 
circulation.  These  changes  are  speedily  followed  by  shrinking  and  oblitoa- 
tion  of  the  ductus  arteriosus,  in  the  space  between  the  di^-iwon  of  the  right  and 
left  pulmonary  arteries  and  its  junction  with  the  aorta,  and  of  the  ombilkil 
arteries  from  the  hypogastric  trunk  to  the  place  of  their  issue  from  the  body  by 
the  umbilical  cord  ;  by  the  cessation  of  the  passage  of  blood  through  the  f  oraiacB 
ovale,  and  somewhat  later  by  the  closure  of  that  foramen,  and  by  the  oblitermtioa 
of  the  umbilical  vein  as  far  as  its  entrance  into  the  liver,  and  of  the  ductus  Jtay 
sua  within  that  organ. 

The  process  of  obliteration  of  the  arteries  appears  to  depend  at  first  mainly  on 
the  contraction  of  their  coats,  but  this  is  very  soon  followed  by  a  considenbie 
thickening  of  their  substance,  reducing  rapidly  their  internal  pa^cjoige  to  s 
narrow  tube,  and  leading  in  a  short  time  to  final  closure,  even  although  the  ve«d 
may  not  present  externally  any  considerable  diminution  of  its  diameter.  It  coa- 
menoes  at  birth,  and  is  perceptible  after  a  few  respirations  have  occurred.  It 
makes  rapid  progress  in  the  first  and  second  days,  and  by  the  third  or  foartk 
daj  the  passage  through  the  umbilical  arteries  is  usually  completely  intempted. 
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The  ductus  arteriosus  is  rarely  found  op«u  after  the  eighth  or  tenth  day,  EUid  by 
three  weeks  it  has  in  almost  all  inBtancea  become  completely  imperious. 

The  prooeas  of  olo^^uri'  in  the  Teins  is  alowef  ^  there  not  being  the  same  thiekeii< 
ing  or  eontraction  of  their  ooats ;  but  they  remain  empty  of  blood  and  collapsed » 
and  by  the  »ixth  or  seventh  day  uxe  generally  doaed» 

Although  blood  ceases  at  once  to  pitsu  through  the  foramen  ovale  from  the 
moment  of  birth  ♦  or  a«s  Boon  m  the  left  auriole  beoomea  ^Uwl  with  the  blood 
tetuming  from  the  lungs,  mid  the  preBsure  within  the  two  auricles  is  equalised, 
yet  the  actual  closure  of  the  foramen  is  more  tardy  than  any  of  the  other  changes 
now  referred  bo.  It  is  gradually  effected  by  the  union  of  the  forepart  of  the 
valvular  fold  forming  the  floor  of  the  fbasa  OTalis  with  the  margin  of  theannulus 
on  the  left  fiide ;  but  the  cresoentie  margin  is  generally  perceptible  in  the  left 
auricle  as  a  free  bonier  beyond  the  place  of  union,  and  not  unfrequently  tho 
union  remains  incomplete,  bo  that  a  probe  may  be  passed  through  tie  reduced 
aperture.  In  many  oaaes  a  wider  aperture  remains  for  more  or  leaa  of  the  &rsb 
year  of  infancy,  and  in  certain  instances  there  is  such  a  failure  of  the  union  of 
ihe  valve  as  to  allow  of  the  continued  pa.Hsage  of  venous  blood,  especially  when 
the  circulation  is  disturbed  by  over-exurtion,  from  the  right  to  the  left  auricle, 
BB  oocarB  in  the  malformation  attending  the  morbus  ooeruleua. 
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Closely  contiected  with  the  blood- vascular  system,  and  also  arising 
from  the  mesobliiBt,  are  the  less  couspiouous  and  sometimes  rather 
indefinite  comptraents  of  the  lymphatic  Bystem,  consisting  of  the  lym- 
phatic vessels,  glands,  and  the  lymph  spaces,  the  histological  develop- 
ment of  which  ha'j  Ijeeii  rcft^rretl  to  in  the  fii-st  part  of  this  volume  (p,  2U8). 

Like  the  hloodvcssels^  the  lymphatic  vessels  are  intimately  associated 
with  the  cunncetive  tissue,  aud  they  take  their  origin  in  a  somewhat 
similar  manfier  in  sfjaces  which  are  formed  in  the  primitive  blastema. 
It  is  also  an  interesting  fact  tliat  these  vessijls  arc  in  frequent  communi- 
cation with  the  iiittrmesolilasiic  space  or  plenro-i)erit<jneal  cavity. 

All  the  lymphatic  vetsels  are  at  firBt  einnUar  to  capillary  bloodvessels, 
being  hned  only  by  fiat  epithelium  ;  and  many  of  them,  though  of  flcme 
size,  do  not  pass  beyond  this  stage,  while  otheiu  a€<|uire  fibrous,  contrac- 
tile, and  adventitious  coats  in  a  mamier  exactly  the  same  as  do  the 
arteries  or  veins. 

The  IjTuphatio  glands  coneist  at  first  of  networks  of  lymphatic  yesseb 
and  spaces  having  numeroiiB  lymfili  cells  prodticed  within  them  ;  bat 
later  they  have  added  to  tbem  cotmc^tive  tisiue  elements  and  blood- 
Tcssels  in  considemblc  quantity. 

The  Spleen — There  is  prhaps  none  of  the  organs  which  have  been 
ranked  as  vascular  glands  wliicli  so  well  deserves  the  name  as  the  spleen > 
for  it  apficars  to  be  cluiiely  associated  vvitli  both  the  lymphatic  and  the 
blood- vascular  gystenis.  It  is  not  formed  at  a  very  early  stage  of  develop- 
lucnt,  hut  begins  to  aj^pear  in  the  human  erabrj'o  in  the  latter  half  of  tho 
second  month.  It  is  developed  in  the  substance  of  the  mesogafitrinm,  and 
is  at  first  in  el*»ge  connection  with  the  i^jancreas,  but  without  any  hypobla&tic 
evolution,  and  proc*.H.diug  entirely  from  mcBoblastp  apji^irentlv  from  the 
same  mass  as  tliat  in  whldi  the  pancreas  takea  itfi  origin  (\\\  Miiller^ 
No.  25C).  Its  proj.nvss  is  not  rapid  -  it  ac^juires  vesflels  and  trabe* 
enlar  fibres  in  the  third  month,  and  there  is  a  large  increase  of  the  cells 
of  the  pulp;  but  the  Malpigbian  corijoscles  are  only  formed  later,  and 
are  not  distinctly  seen  tili  near  the  end  of  fa-tal  life.  For  the  develop- 
ment of  the  ThjToid  and  Thymus  Glands  see  p.  bdl). 
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IV.  DEVELOPMENT  OF  THE  ALIMENTAKY  CANAL  AND  ASSOCIATED 

ORGANS. 

The  parts  of  the  body  of  which  the  development  has  been  previously 
described  all  take  their  origin  from  either  or  both  of  the  uj^r 
and  middle  layers  of  the  blastoderm.  Those  which  are  now  to  be  con- 
sidered proceed,  in  the  first  instance,  from  the  inflections  and  growth  of 
the  hypoblast  or  lower  layer,  with  which,  however,  there  are  combined, 
in  almost  all  of  the  organs,  elements  which  are  derived  from  the  viaoenl 
layer  of  the  mesoblast.  These  organs  consist  of  the  alimentary  canal, 
with  its  integral  and  accessory  glands,  such  as  the  liver  and  pancreaa, 
the  respiratory  organs,  the  larynx,  trachea,  and  lungs,  the  serous  cover- 
ings of  pleurae  and  peritoneum,  &c. 

Friinary  Development. — Kesenteron. — The  principal  part  of  the 
alimentary  canal  is  formed  at  first  by  a  simple  inflection  of  the  hypo- 
blast, and  its  wall  then  consists  of  no  more  than  the  epithelial  cells 
derived  from  that  layer  of  the  blastoderm.  In  the  most  of  its  extent, 
however,  this  epithelial  wall  has  acquired  considerable  thickness  as  com- 
pared with  the  part  of  the  hypoblast  external  to  the  body  of  the  embryo. 

The  primary  digestive  cavity  of  birds  and  mammals,  as  it  extendi 
from  one  end  of  the  embryo  to  the  other  below  the  vertebral  axis,  and 

Fig.  785. 


Fig.  785. — Enlarged  diagraiocatic  ouTLnnt  o?  a  loxgitudwal  tertical  section  vt 

TUB  CHICK  AND  NEIGHBOURING  PARTS  OF  THE  BLASTODERM  ON  THE  POCRTH  DAT.   (A.  T.) 

epf  epiblast,  and  sm^  somatic  mesoblast,  together  forming  the  somatic  plaU  ;  Ay,  bjpo- 
blast,  and  r»i,  visceral  mesoblast,  together  forming  the  vUcfral  plate  ;  a/,  cephalic  foW  ; 
pff  caudal  fold  of  the  amnion  ;  a7/i,  cavity  of  the  true  amnion  ;  y#,  rolk-nck, 
leading  by  the  vitello-intestinal  apertaro  to  t,  the  intestine  ;  «,  the  etomacli  and 
pharynx ;  a,  the  future  anus  still  closed ;  m,  the  buccal  cavity  or  mouth  formed  ii 
cpiblast  and  still  closed  from  the  pharynx  at  the  fauces,  which  are  not  shown  ;  mt,  the 
mesentery  ;  a/,  the  allantoid  vesicle  communicating  by  its  pedicle  with  the  hinder  iotet* 
tine  ;  jop,  the  space  between  the  outer  and  inner  folds  of  the  amnion,  which  is  an  exten- 
sion of  the  IkkIv  cavity  or  pleuro-peritoneal  space  within  the  embryo  between  the  somatic 
and  visceral  mesoblasts.  The  shaded  part  of  the  figure  represents  the  head  and  tnuk  of 
the  embryo  in  which  the  eye  and  the  jaws  with  the  branchial  bars  and  clefts  are  indicatod. 
The  epibla^it  and  hj-poblast  are  drawn  with  entire  lines,  the  somatic  mesoblast  with  an  ii- 
terruptcd  and  the  visceral  mesoblast  with  a  dotted  line. 

not  includinc:  the  buccal  and  anal  portions  derived  from  opihlastic  invi>- 
lutioii,  presents  at  first  a  manifest  division  into  three  parts.  Om-  <rf 
these,  occupying  the  part  of  the  embryo  which  is  enclosed  by  tbe  o^>baIic 
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fold,  and  which  mny  he  named  the  fonguf^  comprises  the  nidimetits  of 
the  pharjBX  aod  gullet,  the  Btomach  and  duodenom.  The  posterior 
division,  which  is  comparatively  short,  occupies  the  caudal  flild  of  the 
embryo,  and  corresponds  mainly  to  the  parts  io  the  neighboiirh'?fxl  of  the 
future-  anns,  with  a  prolongation  of  the  gut,  wliich  may  be  called  post- 


I 
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n 
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Fig.   786. — TlTB  SAMS  BITBRTO  AS   VH    FIQ.  667  RKMOVXH  Fig,   7&6, 

VROlf    TUB    mXBEAVVSt    HORK    BtOflLr    HAaKIflKD 

A5D  SWX3H   FROM    BiLOW.      (From   Ki^Iliker  after 
Coirte,) 

0^  aUiintob  dremdj  fonuing  in  tiDibilicad  pedicle  ;  tt, 
ilTa<c)mB  or  stalk  ;  f,  hioiler  gut ;  i\  aTOnion  ;  o,  yolk- 
Skac ;  ^,  primitive  jwirtaa  lying  under  the  rertebml 
columa,  MepArated  by  the  whiia  line;  ar,  wide  opening 
of  tie  intestine  into  the  yolk-sac  j  k^  place  where  the 
lunbilicAl  and  ompiuiiO'Cuetteutertc  reins  meet  luid  pass 
into  the  heart ;  j),  pericftrdial  cavity ;  e,  beart  ;  /t, 
.AorU  ;  tf  fi^Qt«d  prooen. 

final  or  sub-caudal.  Both  of  these  parts  have 
fiom  the  firet  a  tubular  form,  and  are  closed 
MBpectively  by  the  inflection  of  the  whole 
Wastodermic  layers  at  the  anterior  and  pos- 
ierior  extremities  of  the  body.  The  middle 
diriaion,  or  that  in  which  the  greater  part 
of  the  small  and  lai^e  intestines  tsiU  after- 
awards  be  formed,  lias  primarily  the  form  of  a 
long  and  wide  ^oove,  lying  close  below  the 
Tertehral  bodies,  and  leading  at  its  oppofiite 
ends  into  the  ce|ihalicand  caudal  portions  of 
the  gut ;  it  is  freely  open  throughont  on  its 
Tent  nil  aspect  into  the  cavity  of  the  yolk- 
sac,  with  the  blastodermic  walls  of   which, 

as  formerly  described,  the  constituents  of  tlie  mtestinal  walls  are  directly 
continuous, 

Forest. — As  development  proceeds  in  the  forepart  of  the  alimentary 
canal  a  change  in  its  form  manifests  itself*  by  which  one  part,  becoming 
dilated,  forms  the  commencement  of  theVstomach,  while  the  others 
remain  of  smaller  diameter  as  gullet  and  duodenum  ;  and  in  connec- 
tion with  diflerent  parts  of  these  the  rudiments  of  the  limgs,  liver,  and 
pancreas  are  first  formed 

When  the  tubular  parts  of  the  gnt  have  attained  to  some  length,  a 
change  of  position  gradually  accompanies  their  farther  development. 
AVhile  the  CESophagea!  mrt  remains  comparatively  straight,  the  dilated 
portion  of  thetnbe  which  forms  the  stomach  turns  over  on  its  right  side, 
so  that  the  border  which  is  connected  to  the  vertebral  column  hy  the 
meaenteric  fold  (or  true  mesogastriura)  comes  to  i>e  turned  to  the  left  — 
the  position  of  the  tobe  being  still  vertical,  like  the  stomach  of  some 
animals.  By  degrees  it  becomes  more  dilated,  chiefly  on  what  is  now 
the  left  border  bnt  subsequently  becomes  the  great  curvature,  and  assumes 
tnorc  of  the  oblique  fjosition  of  the  adult,  canying  with  it  the  meso- 
gastriuro,  from  wliich  the  great  oraentuni  is  afterwards  procluced.  A 
slight  indication  of  the  pylorus  is  seen  at  the  third  month.  Upon  the 
surface  of  t!ie  part  of  the  canal  which  immediately  succeeds  the  j^tomach, 
and  which  forms  the  duodenumj  the  rudiments  of  the  liver,  pancreas. 
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and  spleen  are  simultaneously  deposited,  in  the  manner  stated  in  tfat 
description  of  the  development  of  these  organs. 

Midgut. — Previously  to  the  occorrcnce  of  the  changes  in  the  fore* 
gut  mentioned  above,  tlie  middle  open  part  ehortens,  more  and  mora 
of  it  being  converted  into  the  tubular  intestine,  and  at  la^t,  as  befoit 


Fig.  787. 


Ftg.  787.--HFiijur  xxsaTO  of  YBimTr' 
DAT!  sftiisr  FROM  DiroB.1.  (Prom  Ki^UUter 
Costo.) 

3,    left  extern&I   lasal  proocsi ;    4, 
maKUUiy  proceas;   5,  lower  moxillafy 
s,  tongiiG  ;   bf  aartic  bulb  ;   h\  third  A<ortk 
or    cftrotid  fiteia  ;     6*,   fourth  or 
taeh;     b'\    fifth    arch    or   docia» 
the  mpcrior  cara   and   right  axygo* 
the  common  renoua  einaa  of  the  heart ;   c*^ 
common  stem  of  the  left   vena  cara  and 
azjgoa ;  o\  left  auricle  of  the  heart ;   r, 
t*',  left  Tentricle  ;  a  e^  lougR  ;  e,  etoiaach  ;  /, 
omphalo^meseotcric  Tein ;   f^  continuatioii  ti 
■ame  behind  the  pylorus,  which  beoooMi 
wards  the  rena  portie  ;  x,  Titcllo-intestannl 
a,  right  omphalo-mceenteric  artciy  ;    m,  WoUSin 
body  ;    t,    rectum  ;     n,    umbUical  mrterj  ;    «i| 
umbilical  rein ;  6,  tail;  9,  anterior;  9^^ 
limb.     The  Urer  has  been  rsmorod. 
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explained,  there  remaios  only  the 
o]>ening  by  which  the  gradually  length 
ing  ductus  Titello-intestinalis  ]^id&  inti 
the  umbilical  vesicle.  The  middle  pail 
of  the  intestinal  canal  has,  when  nM 
produced,  more  or  less  the  form  of 
straight  tube  lying  close  to  the  vertebi 
cokmn ;  hut,  m  soon  m  it  inereafieft 
lengthy  it  is  thrown  into  the  shape  of 
loop  bent  downwarda  to  the  nmutlioxg 
— a  cbanf!;e  which  ia  preceded  and 
coinpanied  by  the  formation  of 
mesentery.  The  latter  striT**'-- 
nnduubted!y  entirely  due  to  a  : 
tion  and  median  union  of  mf.'^oLnli:^L 
elements,  which,  extending  themselves  between  the  mcsoblait 
romiding  tlie  Eotoehord  and  the  elongating  gut»  become 
into  the  vascular  and  other  parts  of  the  mMentefy,  as  wwi  kog 
shown  by  Yon  Baer.  The  mesentery  thus  forma  a  mesial  parmioa 
extending  between  the  gut  and  the  dorsal  wall  of  the  emhiTO,  it  fioH 
quite  simple,  but  afterwards  elongating,  and  becoming  more  cntnpliciM 
in  proportion  to  the  development  of  the  intestijial  tube.  The  meeoUaH 
also,  by  its  visceral  division,  furnishes  the  contractile,  vascolar,  nod  «»• 
neetivc  tissue  elements  of  the  intestinal  walls.  The  extent  to  whidi  Ibe 
glandular  elements  of  the  alimentary  canal  are  supplied  b?  the  brpnblML 
to  which  their  origin  was  entirely  attributed  by  Remak,  or  fumiflhcQ 
rather  by  mesoblast  from  the  protovertebral  mass,  as  held  by  ScJirnk,  ii 
not  yet  fully  determined. 
The  placu  of  transition  from  the  small  to  the  lai^  intestiiie. 
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is  soon  indicated  by  the  protrusion  of  the  caecum,  is  at  a  point  just 
behind  the  apex  or  middle  of  the  simple  lfx)p  abeady  mentioned  as 
existing  after  the  first  elongation  of  the  tubular  gut.  As  the  small 
intestine  grows,  the  part  behind  the  duodenum  forms  coils,  some  of  which 
at  first  lie  in  a  dilatation  of  the  commencing  umbilical  corcl  (see  fig.  781)), 
but  retire  again  into  the  abdomen  about  the  twelfth  week  ;  afterwards, 
as  it  continues  to  elongate,  its  convolutions  become  mure  and  more 
numerous. 
The  large  intestine  is  at  first  less  in  calibre  than  the  small.     In  the 


Pig.    788. — Early    form 

or      THE       ALIXKNTART 

OAVAii    (from    KoUiker 
after  Bischoff)- 

In  A  a  front  view,  and 
in  B  an  antero-i)osterior 
Mction  are  rei>rc8eniod. 

In  A,  a,  four  pharyngeal 
or  TisceraJ  plates  ;  6,  the 
pbaiynx ;  c,  c,  the  com- 
mencing lungH ;  d,  the 
■tomach  ;  /  /,  the  di- 
verticula connected  with 
(he  formation  of  the  liver  ; 
^,  the  yolk-fiac  into  which 
the  middle  intestinal 
groore  opens ;  h,  the 
posterior  part  of  the  in- 
iertine.  In  H,  a,  the 
oommencing  lungs  ;  A,  the 
■tomach ;  e,  the  liver  ;  d, 
the  yolk-sac. 


Fig.  788. 


early  embryo  there  is  at  first  no  caecum ;  but  this  part  of  the  bowel 
gradually  grows  out  from  the  rest,  forming  at  first  a  tube  of  uniform 
calibre,  witliout  any  appearance  of  the  vermiform  appendix  :  subsequently 
the  terminal  part  of  the  diverticuhim  ceases  to  grow  in  the  same  pro- 
portion as  the  rest,  and  narrows  into  the  ai)i)endix,  whilst  the  proximal 
part  attains  its  full  development.  The  caecum  first  apixjars  as  a  protrusion 
a  little  Ik'Iow  the  aj)ex  of  the  bend  in  the  primitive  intestinal  canal,  and, 
together  with  the  commencing  colon,  and  the  coils  of  small  intestine, 
18  lodged  for  a  time  in  the  wide  part  of  the  umbilical  cord  already 
inentione<l  as  b.Mng  next  the  body  of  the  embr}'o.  The  ileo-ca»cal  valve 
^»pears  at  the  oommenoement  of  the  third  month.  AVhen  the  coils  of 
intestine  and  the  ctecum  have  n.'tired  from  the  umbilicus  into  the  abdomen, 
the  colon  is  at  first  entirely  to  the  left  of  the  convolutions  of  the  small 
intestines,  but  subsequently  the  first  part  of  tin;  lar.L^e  intestine,  toL^ther 
with  the  moKDCoIon,  crosses  over  the  upper  part  of  the  small  intestine,  at 
the  juncti<in  of  the  duodenum  and  jejunum.  The  ca3<-um  and  transverse 
colon  are  th(.ai  found  in  the  middle  of  the  abdomen  just  Ik-Iow  the  liver  ; 
mmiQ  time  hiter  the  cascum  descends  to  the  right  iliac  fossa,  and  the  parts 
are  nearly  in  the  same  position  as  in  the  adult. 

At  first,  villous  processes  or  folds  of  various  lengths  are  formed 
throughout  the  whole  canal.  After  a  time  these  disappejir  in  the  stomach 
and  larg(;  intestine,  but  remain  iwrsistent  in  the  inti.Tmediate  portions  of 
the  tube.    According  to  Meckel,  the  villous  processes  are  formed  firom 
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larger  folds,  which  become  serrated  at  the  edge,  and  are  thus  divided  into 
separate  villi. 

Kindgnt. — The  formation  of  the  hinder  p^  of  the  gat  is  compE- 
cated  with  the  development  of  the  allantois,  which  arises  as  a  projection 
or  out-growth  of  the  mesoblast  and  hypoblast  from  the  lower  wall  of 
its  terminal  portion,  and  which  is.  therefore  in  connection  intenuJIf 
with  the  hypoblastic  lining  of  the  cloaca. 


Fig.  789. 


Pig.   789.  —  SuTCH    Of    TH«   vrsii 

EMBRTO  07  THX  TENTH  WKSK,  MOT- 
INQ  THE  COIL  OF  ISTBSTIVI  IE  m 
UMBILIOAL  CORD.       (A.  T.  ) 

The  amnion  and  villoiiB  chorion  kivt 
been  opened  and  the  embiyo  drawn  ande 
from  them  ;  r,  the  umbilical  wmck  or 
yolk-sac  placed  between  the  amnion  ud 
chorion,  and  connected  with  the  coil  «l 
intestine,  t,  by  a  small  or  almost  lioflir 
tube ;  the  figure  at  the  aide  repiesenti 
the  first  part  of  the  nmbilioJ  cord 
magnified ;  t\  coil  of  intestine ;  n, 
Titello-inteetinal  duct,  alongside  of  whick 
are  seen  omphalo-mesenteric  Uood-tiii* 


Mesmterj/j  Peritoneum  and  Diaphragm.— In  the  region  of  the  phirfni 
and  gullet  the  undivided  mesoolast  flimishes  the  outer  coat  of  the 
alimentary  canal,  but  in  the  stomach,  and  all  the  remainder  of  the 
gut,  except  at  the  anus,  the  separation  of  the  two  layers  of  meso- 
blast has  taken  place,  and  the  visceral  mesoblast  furnishes  the  outer 
wall,  together  with  the  serous  covering.  In  the  thorax  the  ri^ht 
and  left  cavities  remain  distinct  as  the  two  pleurae,  while  a  portion 
still  further  forward  is  separated  for  the  formation  of  the  peri- 
cardium, and  thus  the  gullet,  as  well  as  the  lungs,  is  brought  into 
relation  with  the  pleurae,  and  receives  partial  covering  from  them.  The 
formation  of  the  diaphragm,  which  does  not  at  first  exisU  and  which 
constitutes  in  mammals  a  partition  between  the  thorax  and  abdomen, 
leads  to  the  ultimate  separation  of  the  peritoneum  from  the  pleune. 
Kolliker  conjectures  that  the  diaphragm  may  be  formed  by  the  advano? 
of  two  halves  from  the  dorsal  and  lateral  regions,  but  the  mode  of  orijirin 
of  this  partition  is  not  yet  sufficiently  known  (see  Cadiat.,  No.  271),  (His. 
No.  132,  i.  and  ii.).  Some  examples  of  diaphragmatic  hernia  may  be  o«n- 
sidered  as  arising  from  the  persistence  of  the  original  connection  betwt-en 
the  two  cavities.  In  the  abdomen,  also,  the  right  and  left  peritoneal 
cavities  are  at  first  distinct,  but  when  the  intestine  assumes  a  tubular  form, 
these  cavities  are  thrown  into  one  across  the  middle  plane  of  the  body. 

The  peritoneum,  like  the  rest  of  the  lining  of  the  body-cavitv,  is 
developed  locally  by  superficial  delamination  from  the  mesoblast,  and  not 
from  any  special  laver  of  formative  tissue.  The  stomach  is  originally 
placed  longitudinally  in  the  abdomen,  that  part  of  it  which  afUTwanis 
forms  the  great  curvature  being  situated  dorsally  and  being  attached  by 
the  simple  mesogastrium.  Very  soon,  a  change  of  place  occurs  bv  which 
the  pyloric  p-.vrt  of  the  stomach  and  the  duodenum  pass  to  the  right  sitk 
the  left  side  of  the  primitive  stomach  thus  coming  to  kK)k  untmllj 
and  the  ri«rlit  side  dorsally.  About  the  same  time  the  niesogastriuiu  is 
rapidly  expanded  and  doubled  upon  itself  so  as  to  enclose  a  ctTity, 
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*"  while  a  fold  of  peritonenm  connected  with  the  liver,  and  arisins^  from  the 
Tentral  lK:»nlerof  the  stomach  which  has  now  become  the  lesser  cnrvatnre, 
...  contracts  rf»und  the  entrjuicc  to  the  px?at  omental  cavity  (In^hind  the 
■;*■  stomach  and  within  the  omentum)  so  as  to  form  the  <r.istr<»he]>Jitio  nmentnm 
;;  and  the  foramen  of  AVinslow  (as  first  shown  by  Job.  Miiller  in  18:30). 
"  *  The  dorsal  fold  of  the  great  omentum  has  not  at  lirst  any  connection  with 
the  transverse  colon  or  its  mesocolon,  and  there  can  be  no  doubt  that  it 
..,  is  only  at  a  later  period  that  it  comes  to  be  so  closely  united  with  them 
r  as  to  have  given  rise  to  the  view,  quite  inconsistent  with  the  history  of  its 
:    development  now  stated,  that  the  transverse  colon  is  encli/led  l)etwcen  the 

-  two  posterior  layers  of  the  omentum. 

:        The  r)ccurrence  of  umbilical  hernia  in  its  various  degrees  may  be 
^  referred  to  the  persistence  of  one  or  other  of  the  fcetal  rx)nditions  in 

-  which  a  greater  or  less  portion  of  the  intestinal  canal  is  contained  in  the 

Fig.  7»0. 


Fig.  790.— OuTLDri  or  thi  iobx  ahd  positioh  or  thk  auxertart  casal  in 

8UCCKS8IVK  STAGES  OF  ITS  X>BTELOPXE!fT. 

A,  alimentary  canal,  &c.,  in  an  embryo  of  five  weeks  ;  B.  at  eight  weeks ;  C,  at  ten 
-weeks ;  D,  at  twelve  weekn  ;  /,  the  primitive  lunjj's  connectc*!  with  the  i»har\-nx  ;  «,  the 
■tomach  ;  d,  duodenum  ;  i,  the  small  intestine  ;  T,  tlie  larj^'e  ;  c,  the  o:tcuui  and  ycrmi- 
form  appendage  ;  r,  the  rectum  ;  f/.  in  A,  the  cloaca  ;  a,  in  B,  the  anus  dijitinct  from 
n,  the  sinuH  uro-«cnitiliB ;  r,  the  yulk-sac :  W,  the  vitello-intestinal  duct;  w,  the 
urinary  bUddor  anil  urachuR  leading  to  the  allantoia ;  'j,  the  genital  ducte.  In  B,  and 
C,  the  thickness  of  the  colon  ia  trroncou:«ly  representetl  an  greater  than  that  of  the 
ilenm,  ami  in  C  and  D  the  cuMium  as  too  far  down  and  to  the  right. 

umbilical  cord  ;  and  it  has  been  shown  that  the  mt»8t  common  form  of 
abnormal  diverticula  from  the  small  intestine  is  connected  with  the 
ori^nal  upeninj?  of  the  ductus  vitello-intestinalis  into  the  ileum. 

Stomoilaum, — The  mouth,  as  elsewhere  explainwl,  is  at  first  no  ])art  of 
the  primitive  alimentary  canal,  but  is  fonned  In- involution  <»f  parts  of  the 
face,  and  receives,  tiieR'fore,  its  lininjr  membrane  from  epiblast.  In  this 
stajje  it  has  received  the  name  (»f  slomoihrum.  It  is  at  first  <iuite  sepiimted 
from  the  pharynx,  which  is  the  foremost  }mrt  of  the  primitive  alimentary 
oanul,  by  the  reflection  of  the  layers  of  the  blastoderm  ;  and  the  com- 
•^  3  L  2 
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mui^ication  which  is  later  estaUished  between  the  month  and  pharynx  at 
the  posterior  arch  of  the  fances  is  due  to  a  sohition  of  continuity  in  these 
layers,  wliich  occurs  in  the  chick  at  the  end  of  the  fourth  day  of  incnba- 
tion,  and  has  been  observed  at  a  corresponding  period  of  development  in 
several  mammals.  The  aperture  has  at  first  the  form  of  a  vertical  slit, 
which  widens  later  as  it  becomes  the  o})ening  from  the  pharynx  into  the 
common  cavity  of  the  nose  and  mouth.  The  diverticulum  of  the  pituitaiy 
gland  occupies  the  place  which  becomes  the  top  of  the  permanent 
pharynx,  but  is  formed  in  connection  with  the  epiblastic  or  buccal,  and 
not  the  hypoblastic  or  pharyngeal  division  of  the  alimentary  passage 
(sec  fig.  705,  A  and  B,/). 

Prociodmm, — To  the  anal  invagination  of  the  epiblast,  in  so  far  as  it 
is  separate  from  the  primitive  hypoblastic  part  of  the  hind  gut,  the  name 
of  proctodcBum  has  been  given. 

In  mammals  there  is  very  little  anal  invagination  of  the  epiblast ;  in 

Fig.  791. 


m 
Fig.  791.— Diagrammatic  lowoitudinal  sbotiow  of  the  hinder  part  of  av  ixbito 

OHICK  AT   THE   TIME   OF  THE   FORMATION   OF  THE   ALLANToIS   (from  BalfoOT). 

tpt  epiblast ;  Sjt.r,  spinal  canal ;  rA,  notochord  ;  «.r,  ncurenteric  canal ;  Ay,  hypo- 
blast ;  p.a.t/,  postanal  gut ;  pr,  remains  of  primitive  streak  foldeil  in  on  the  Tenttal 
side ;  a/,  ailantois  ;  mCf  mesoblast ;  aw,  place  of  future  anus;  pc,  peririsceraJ  cavitr; 
am,  amnion  ;  *o,  body-wall ;  «;),  visceral  wall. 

birds  it  is  more  extended  from  the  development  of  the  hfnsa  Fabrics 
in  connection  with  it,  and  the  opening  of  the  gut  into  the  anu? 
occurs  at  a  comparatively  late  period,  or  not  till  the  fifteenth  day 
(Kolliker).  In  the  rabbit  the  opening  takes  ])lace  on  the  eleventh  or 
twelfth  day.  The  sulx^audal  or  postanal  p(»rtion  of  the  gut  shrinks  and 
disappears  even  iKjfore  the  oj^eniug  takes  place.  The  terminal  portion  of 
the  gilt  remains  behind  the  allantoid  pedicle,  and  the  whole  of  the  tissoi-s 
wliich  close  it  thinning  rapidly  away,  perforation  takes  place  so  as  to  form 
the  j)riniitive  anal,  or  rather  the  cloacal  opening.  The  sei^aration  of 
the  j>eniianent  anus  from  the  urogenital  orifice,  which  i)ccur8  in  all 
mammals  excepting  the  monotremata,  is  the  result  of  a  hitor  process  of 
development,  to  be  refeiTed  to  in  the  next  section.    (Gasser,  Xa  27i.) 

THS    liFVXB    AND    PANCREAS. 

Tke  Liver. — The  liver  is  one  of  the  earliest  fonneil  atxlominal 
organs.  It  consists  at  first,  according  to  most  i^bst-rvers,  of  a  l»ijid 
mass  of  cells  in  connection  with  the  lower  surface  of  the  duodenal  purtioa 
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of  the  alimentary  canal.  A  hollow  cavity  soon  appears  within  the  mass, 
which  is  tlie  coninK'ncement  of  the  main  excretory  duct  (ductns 
choledochus  communis).  This  cavity  is  lined  by  iiyiH)l)lastic  epi- 
thelium: and,  accordinjr  to  tiie  commonly  received  view,  is  produced 
as  a  diverticulum  of  the  hypoblast  of  the  intestine.  Through  the 
liver  mass,  but  at  first  unconnected  with  its  substance,  there  passes  the 
main  stem  of  the  veins  from  the  umbilical  vesicle  and  allantois  (um- 
bilical vein  or  meatus  venosus). 

In  the  rudimcniary  mass  composinjLr  the  liver  thf-re  are  soon  observed 
a  number  of  solid  cylinders  of  f«.irmativo  cells  wbioh  branch  '.Kit  from 
the  hypoblast  into  the  nie.s».»blast,  and  with  this  peculiarity  bel"ii.q;in*(  to 
the  structure  of  the  liver  a«5  cnmjiared  with  other  ^Hamls,  that,  as  these 
nnitc  together  by  tlnir  ends  and  alr:io  laterally,  they  come  at  last  to  form 
a  network  of  »ilid  Ci»rd>  with  which  the  hj-poblastic  divei-ticuia  arc  con- 
nected. In  the  meantime  blood-vessels  are  developed  in  th<.*  mesoblast 
lying  between  the  cylinders,  which  vessels  become  united  as  branches 
irith  the  umbilical  vein  passing  through  the  liver.  Hollow  processes 
also  exteml  themselves  from  the  hyjjoblastic  diverticula  and  stretch  into 
the  solid  cyhnders  of  the  hepatic  pa ixiuchy ma;  but  the  gi'eaLer  jwrt  of 
this  remains  solid  for  a  time,  consisting  of  reticulated  strings  of  cells 
between  which  there  is  nothing  but  l>lood- vessels. 

According  to  Foster  and  Balfour,  following  licmak  and  the  earlier 
observers,  the  cellular  elements  of  the  gland  are  stated  to  derive  then: 
origin  from  the  hyix>blast,  and  the  mesoblast  is  mainly  converted  into 
blcHod-vessels  and  the  fibrous  tissue  of  the  ducts. 

The  gall-bladder  is  formed  by  extension  from  the  wall  of  the  main  duct. 

The  blood-vessels  formed  in  the  liver  become  branches  of  the  main 
vein  which  passes  through  the  cellular  mass.  These  are  distinguishable 
as  an  anterior  and  posterior  set,  the  an*angement  of  which  is  such  that 
the  blood  flows  from  stem  to  branches  in  the  anterior,  and  from  branches 
to  stem  in  the  pisterior.  Thus  the  distinction  is  established  between 
portal  and  hepatic  veins  (see  the  Development  of  the  Veins). 

The  S(»lid  cylindei-s  of  the  blastema  represent  the  hepatic  lobular  tissue, 
irhere  the  ducts  are  reticulated  ;  the  hollow  processes  the  larger  hepatic 
ducts,  which  do  not  communicate  with  one  another.  The  origin  of  the 
finest  ducts  is  not  known ;  perhaps  each  cellular  cylinder  may  be  looked 
upon  as  a  collection  of  hepatic  cells,  in  the  centre  of  which  is  the 
minnte  duct,  according  to  the  view  now  taken  of  the  structure  of  the 
adult  liver  (Foster  and  Balfour). 

The  gall-bladder  is  at  first  tubular,  and  then  assumes  a  pyriform  shape. 
It  first  appears  in  the  second  mr>nth.  The  alveoli  in  its  interior  apixiar 
about  the  sixth  month.  At  the  seventh  month  it  first  contains  bile.  In 
the  foetus  its  direction  is  more  horizontal  than  in  the  adult. 

The  following  are  the  principiil  peculiarities  in  the  liver  of  the  human 
fijetus : — 

Size, — At  the  sixth  or  seventh  week,  the  liver  is  eo  largre  that  it  is  said  to  con- 
stitute one-half  of  the  weight  of  the  whole  body.  Tliis  proportion  graduaUy 
decreojics  as  development  aclvnn«:es.  until  at  the  full  i  criod  tlie  relative  weight 
of  the  ftctal  liver  to  that  of  the  bo<ly  is  as  1  to  IS. 

In  early  ftrtal  life,  the  right  ami  left  lohes  of  the  liver  are  of  nearly  equal 
size.  Ijiter.  the  right  prepondoratos,  l>ut  not  to  such  an  extent  as  after  birth. 
Immediately  before  birth  the  relative  weight  of  the  left  lobe  to  the  riglit  ii  nearly 

•8  1  to  I'tl. 

Potitlon, — In  conseqaence  of  the  nearly  equal  size  of  the  two  lobes,  the  pou- 
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tion  of  the  foetal  liver  in  the  abdomen  is  more  symmetrical  than  in  the  adult  In 
the  very  young  foetus  it  extends  over  nearly  the  whole  of  the  abdominal  cavity : 
at  the  full  period  it  still  descends  an  inch  and  a  half  below  the  margin  of  the 
thorax,  overlaps  the  spleen  on  the  left  side,  and  reaches  nearly  down  to  the 
crest  of  the  ilium  on  thd  right. 

IWnHy  (hlour,  «Jt. — The  foetid  liver  is  considerably  thicker  in  proportion  from 
above  downwards  than  that  of  the  adult  It  is  generally  of  a  darker  hue.  Its 
consistence  and  specific  gravity  are  both  less  than  in  the  adult 

During  foetal  life,  the  umbilical  vein  runs  from  the  umbilicus  along  the  free 
margin  of  the  suspensory  ligament  towards  the  anterior  border  and  under  snrftoe 
of  the  liver,  beneath  which  it  is  lodged  in  the  umbilical  fissure,  aud  proceeds  u 
far  as  the  transverse  fissure.  Here  it  divides  into  two  branches ;  one  of  these,  the 
ductus  venoguSf  continues  onward  in  the  same  direction,  and  joins  the  vena  caia. 

Fig.  792.  ^'^-  792.  —  Earlt  ooi- 

DITI05  OF  THE  LITO 
n  TUE  CHICK  OSr  TBI 
THIRD     DAT     OF      I5CU- 

BATioN  (from  J.  Mul- 
ler).     ^. 

1,  the  heart  as  a  sin- 
pie  curved  tube ;  2,  2, 
the  intestinal  tube ;  S, 
conical  protrusion  of  the 
coat  of  the  commencinj 
intestine,  on  which  the 
blastema  of  the  liver  (4) 
is  formed  ;  5,  portion  d 
the  layers  of  the  germinal 
membrane,  pawing  iatt 
the  yolk-sac 

The  other,  which  is  the  larger  branch  (the  trunk  of  the  umbilical  vein),  toms  to 
the  right  along-  the  transverse  or  portal  fissure,  and  ends  in  the  vena  portc 
which,  proceeding  from  the  veins  of  the  digestive  organs,  is  in  the  foetus  com- 
paratively of  small  dimensions.  The  umbilical  vein,  as  it  lies  in  the  umbilicsl 
fissure,  and  before  it  joins  the  vena  portse,  gives  off  large  lateral  branches,  which 
pass  directly  into  the  right  and  left  lobes  of  the  liver.  It  also  sends  a  few  smaller 
branches  to  the  square  lobe  and  to  the  lobe  of  Spigelius. 

After  birth  the  umbilical  vein  becomes  obliterated  from  the  ombilicns  up  to 
the  point  of  its  giving  off  branches  to  the  liver.  The  ductus  venosus  is  al«o 
obliterated,  but  the  veins  which  were  given  as  branches  from  the  umbilical  veia 
lo  the  liver  remain  in  communication  with  and  appear  aa  branches  of  the  1^ 
division  of  the  portal  vein. 

The  Pancreas. — This  organ  takes  its  origin  in  a  mass  of  mcsoblastic 
tissue,  whicli  thickens  the  wdl  of  the  duodenum  close  to  the  place  where 
the  rudiment  of  the  liver  is  first  seen,  but  placed  more  to  the  left  side. 
This  mass  may  be  seen  on  the  fourth  dajr  in  the  chick.  There  is,  k.»w- 
over,  also  a  diverticulum  from  the  pnmary  wall  of  the  intestine  or 
liypobliist.  Some  doubt  prevails,  as  in  regard  to  the  liver,  with  respeK 
to  the  exact  share  of  the  hypoblastic  and  mesoblastic  elements  in  iIk 
Ibrmation  of  the  glandular  cells.  Tlie  main  duct  and  its  branches 
undoubtedly  owe  their  origin  to  diverticula  proceeding  from  the  intestina! 
hypoblast,  and  the  epithelial  lining  of  the  ducts  is  certainly  derived 
from  that  source.  By  those  who,  adopting  the  UK^t  pndiable  view,  con- 
eider  tiiat  the  glandular  cells  also  arise  from  the  hy]>oblast,  e<.»lid  prc^ 
cesses  of  that  layer  are  described  as  stretching  into  the  mass  of  mcflobW. 
Into  these  the  diverbicnlar  cavities  subsequently  extend  in  more  thin  one 
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-main  division.  The  blood-vessels  and  the  connective  tissue  of  the  gland 
arc  undoubtedly  due  to  the  niesol>lastic  ek-nients,  and  these  are  very  soon 
combined  with  the  parts  proceeding  from  hypoblast. 

Fig.  7i»3. — UXDER  SURFACE  OF  THE 
FOSTAL  LIVER,  WITH  ITS  GREAT 
BLUUb  -  VESSELS,  AT  THE  FL'LL 
PKR10I». 

a,  the  iiiDbiliral  vein,  lyini;  in 
the  umbilical  fis.<iure,  ami  turning; 
to  the  ri^lit  8i<lo,  at  the  traiiu- 
▼enc  fiifiiun;  (^/),  to  join  the  vcn:i- 
port:e  tp):  the  branch  narked  if, 
nam.-'i  tlie  ductuH  venonus,  con- 
tinue** straight  on  to  join  the  vena 
cava  inhTinr  ('*):  s 'me  hrnnchcM  nf 
the  unihiiii::il  vein  ]jaH8  from  a  into 
the  HulMtmce  of  tlie  liver;  y,  the 
{raU-IiIaiLicr. 

The  development  of  the  spleen  is  described  along  with  that  of  the 
lymphatic  system  at  p.  877. 

THB    IiUNQS.    TRACHEA,   AND    liARYNX.    *o. 

The  very  first  appearance  of  the  pulmonary  or^rans  in  inrds  and  mam- 
mals consists  of  a  single  median  diverticulum  fmm  the  ventral  wall  of 
the  oesophagus  immediately  behind  the  fonith  visceral  cleft.  The  lower 
extremity  of  this  protrusif^n  soon  bec<.»me8  dilated  towards  the  two  sides, 
while  its  root  communicating  witii  the  gullet  n-mains  single.  These 
primitive  protrusions  or  tukTcles  are  visible  in  the  chick  on  the  third 
day  of  in('iibntic;n,  and  in  the  embrviji'S  uf  niannualia  and  of  man  at  a 
cofrcspouding  stage  of  advancement.  Their  internal  cavities  nimmuni- 
cate  with  the  a»sophagus,  and  are  lined  by  a  prolongation  of  the  hvpo- 
blast. 

The  divert ieulam  of  hypoblast  is  surrounded  by  a  mass  of  mcsobkistic 

Fig.  794.— Sketch  illustrating  the  i>eve-  Fig.  794. 

LOPME.^T     OP     THU     RESPIRATuRY     ORGANS 

(from  Rathke).  a  h  o 

A,  resopha^^us  of  a  chick,  on  the  fourtli  '  £w 

dRy  of   in.'uUition,    with    tlie  ruflimenuiry  ^i  it                 *j1f  ^wJ 

lung  of  the  left  side,  Heen  laterally:  1,  the  If                    ^j\  ^J 

front,  and  2,   the  back  of  the  lesopha^Mi^ ;  J^i  sl/jj!  3                   f 

3,  rudimcntiry  lung  protruding  from   that  4y¥                      |Ij                   % 
tube ;    4,   8t>ma<:h.      IJ,  tlie  same  seen  in  i^                     *  p 

front.  HO  a.s  t<i  shovr  both  lungs.     C,  toni:uo  ^  >*A?* 

and   rcHpinifiiry  organs  of    embryo  of   the  ■*  v,  ■  y' 

hofrte ;    1,  toH;;ue ;   *J,  larynx ;   ;j,  trachea  ; 

4,  Inngs  seen  from  behind. 

cells,  so  that  the  pulmonary  parenchyma,  like  that  of  the  glands,  owes 
'  its  origin  to  both  hypoi)lastic  and  mesoblastic  elements.  Tlie  substancn; 
of  the  mesrd)last,  thickening  round  the  jjrimary  diverticula,  becomes 
penetrated  by  secondar}-  diverticula  f(»rnied  from  the  hypoblastic  pro- 
cesses;  these  are  succeeded   by  tertiary  branches  which  develop  the 
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branchia,  and  ultimately  hare  the  air-oclls  fomied  as  their  tcnntMUfli 
The  formative  process  consists  easentiallj  in  the  baddiDg  of  tqFpoMs 


Pif.    7»k 


■MBSTlt  «r  i  UiC 
«o  tVO«  TO  i^ 
T10S9    «r     fB»  l» 


if-^ 


Fig.  796, 


cardial      mtttv  -     «^* 
pftcnnU  fSTk} 
«/,  alimenlATj 
donftl  «0flB  *    civ  sB^ 

QCMvL 

tnto  iDCfiobiaitiea^ 
stance;  the bjiMUii 
fnmishiiig  the  ^  \ 
epithdiiiiii  d  lli 
tabesv  aad  ti>e 
bbsi  the  ocher  tt- 
aues,  fmiA  as 
iar  fifartt,  cutif^ 
blood-TceBth^  dbtf' 

The  diviBion  into  larger  lobes  externally^  three  in  the  right  and  two 
the  left  Iub;^,  may  be  seen  at  a  very  early  period  in  the  hmnaii  fteCaiL  JU 
the  bronchial  Btibdivision  extends  within  the  longs,  a  tubefcolftr 
coarsely  grantdar  appearance  is  seen  over  the  ctittr  surface, 
by  KoUiker  in  the  human  foetus  in  the  latter  half  of  the  aecood 
This  is  produced  by  the  primitive  air-cells  filaced  at  the  extrtmitia  if 
ramified  tuttea,  which  occupy  tlie  whole  of  the  interior  of  the  ^"W^  •  ^ 
ramification  of  the  bronchial  twigs  and  umltiplicatlon  of  air-cc&  ip  ^ 
increasiniT,  and  this  to  such  an  extent  that  the  atr-cells  in  tbc  fifth  m 
are  only  half  the  i?ize  of  those  which  are  found  in  the  fourth  mundL 

In  birds  the  principal  air-sacs,  three  in  nnmberf  are  fboacd  ia  dl 
connection  with  the  lung  in  the  coni«e  of  it«  earlj  deTdopmeiil^  and  Afl 
rudiments  of  these  sacs  may  be  seen  at  an  early  period,  aa  bal^Df 
stitiient  parts  of  the  mdiinentary  lungs. 

Flaunt. — Each  lung  receives  a  covering  eitemaUy  from  ihfi  faoid 
membrane  of  the  common  jdeuro-peritoneal  cavity  4»f  u-^  ..uno  aide.  TIb 
is  at  first  only  on  the  outer  fiide ;  but^  as  the  ar:ge,aiB0i 

separates  their  solid  substance  from  the  outer  wall  i.i  ^i^r,^  vt^gppiagiB^  ad 
the  plenra  is  carrie<l  round  the  lung-mass  so  as  to  enetrde  iitj^wMtf 
narrowing  root  of  each  lung.  The  two  pleurse  reniain  aspanitied  ly  da 
nii^diastiunm  and  heart,  round  which  they  hare  ext«!Dcled. 

FnlmoiLary  Yeaaala — The  blood- vesaels  of  the  liinga*  whidi  aps  s 
the  mt^ublastic  tissue,  seem  to  be  of  comparaiivelv  late  pjoraatim^  9^ 
trating  into  the  nuhnonary  tissue  only  on  the  twelfth  day  in  the  aH- 
In  mammals  the  blood-vessels  are  formed  in  the  same  nsaQner  in  thrfi^ 
monaty  mesoblast.  In  birds,  as  t»efore  mentLoned,  the  poliooiiarT  artoi^ 
proceed  one  fiom  each  of  the  fifth  arterial  aortic  «rchea^  hitt  a 
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mals  both  rip:ht  and  left  pulmonary  arteries  are  connected  with  the  fifth 
arch  of  tlie  left  side.  The  manner  in  which  they  become  connected  with 
tlie  vessels  formed  in  the  lung-substance,  and  in  which  a  union  is  estab- 
lished between  the  pulmonary  veins  and  the  left  auricle,  has  not  yet 
been  ascertained.  ^ 

Thyroid  Body. — This  seems  to  be  the  proper  place  at  which  a  refer- 
ence may  be  made  to  tlie  two  organs  of  doubtful  nature — viz.,  the  thyroid 
and  thymus  bodies — which  have  generally  been  ranked  with  the  vascular 
glands,  but  wliich  from  their  development  api)ear  to  have  also  some  close 
connection  with  the  anterior  pirt  of  the  alimentar}^  canal. 

The  th}T()id  gland  taki\s  its  origin  both  in  birds  and  mammals  (W. 
MuUer  (No.  2{);)),  KuUiker  (No.  28,  i.,  p.  800),  by  a  diverticulum  from  the 
ventral  wall  of  the  phaiynx  opposite  to  the  place  where  the  aortic  bulb 
divides  into  the  anterior  visceral  arches,  and  it  is  conjectured  that  it  may 
be  homologous  with  the  endostyle  or  ventral  diverticulum  of  the  pharynx 
in  the  lampreys.  It  consists  at  first  of  a  mass  of  hypoblast  which  in  birds 
ifi  hollow,  but  in  mammals  is  sohd;  and  in  both  classes  large  glandular 
cells  are  soon  developed,  which  Kiilliker  represents  in  the  rabbit  as  taking 
the  form  of  reticulated  cellular  cords.  The  hypoblastic  part  soon  acquires 
mesoblastic  elements,  in  wliich  blood-vessels  and  fihruus  tissue  are  rapidly 
develojKjd,  and  the  thyroid  body  becomes  highly  vascular. 

In  birds  the  primary  diverticular  mass  loses  its  connection  with  the 
pharynx  at  an  early  period,  divides  into  two  separate  parts,  and  is  carried 
Sack  in  the  neck  along  with  the  elongation  of  that  part,  so  as  to  form 
two  very  distinct  compact  spheroidal  bodies  situated  near  the  division 
of  the  trachea. 

In  mammals  the  thyroid  mass  becomes  somewhat  bilobed,  the  larger 
lateral  parts  remaining  united  by  the  isthmus  across  the  trachea. 

In  man  the  first  origin  of  the  thyroid  body  has  not  yet  been  observed. 
In  the  sectmd  and  third  months  the  glandular  cords  and  follicular 
cavities  begin  to  appear,  and  these  go  on  increasing  rapidly  in  the 
following  months. 

Tlia  Thsnniui  Gland. — According  to  Kolliker  s  observations  in  the 
rabbit,  this  body  is  originally  of  epithelial  nature,  and  arises  as  a  diver- 
ticulum from  an  anterior  ]>air  of  the  visceral  clefts,  forming  a  small 
longish  thick-walled  triangular  sjicculus  with  two  hollow  tubular  cornua. 
It  suMii  divides  into  lobes,  and  in  these  gland-cells  make  their  ap- 
pearance, blood-vessels  and  other  tissues  being  added  from  mesoblastic 
sources. 

The  view  taken  by  Kollikor  as  to  the  origin  of  the  thymus  has  been 
confinncd  by  the  observations  of  Stieda  in  the  pig  an<l  sheep,  in  which 
he  found  the  thymus  to  arise  as  a  paired  outgrowth  from  the  remnants 
of  two  viscend  clefts ;  and  he  and  Wolfier  attribute  a  similar  mode  of 
origin  to  the  thyroid  body.     (278  and  271.) 


V.    DEVELOPMENT    OF    THE    URINARY  AND    GENERATIVE  OROANa 

/.  GEyKRAL    VI EH". 

The  development  of  the  innnnnent  urinary  and  generative  organs  has 
longlK-frn  known  to  1)C  intimately  associated  with  that  <.»f  the  enibrj'onio 
glandular  organs  named  the  jirimordial  kidneys,  or  after  their  discoverer, 
C.  F.  Wolfl',  the  Wolffian  Bodies.    This  association  was  first  ascertained 
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by  H.  Rathke,  Oken,  and  Joh.  Miiller  more  than  fifty  years  a0>,iaitk 
fiiller  knowled«:e  of  its  nature  has  been  illustrated  by  numerous  efflbn^ 
oloorjsts  in  investigations  of   more  recent   date   (Bomhaupt,  Koliek, 
Kolliker,  Waldeyer,  Semper,  Balfour  and  others). 
Wolffian  Bodies  and, Segmental  Orgaxis. — According  to  the ti* 


Fig.  796. 


Fig.  796. — DLia&AinLiTTConuB 

OF  THE  WOLFFI15  BjPIH  D 
THEIR  KXLATIOXS  Tl>  9 
BUDIME5TS  OF  THl  tmm^ 
TIVE  ORGANS.      (AT.) 

ot,  seat  of  origin  of  the  onda 
or  testes  ;  W,  Wolflbn  bofii; 
tr.  w.  Wolffian  ducts ;  miA,  MiiDnB 
ducts  ;  //r,  genitad  cord  ;  «9,  en 
urogenital  is  :  t,  intestioe  ;  s^ 
cloaca. 

last  named  observers,  tbt 
"Wolffian  bodies  are  the  rep- 
resentatives in  a  wnitt 
stage  of  their  develoiimttl 
of  a  set  of  tubular  glande  cr 
excretory  organs  eiistingin 
all  vertc'bnites  and  in  a  off- 
tain  number  of  inverteliralc 
animals,  especially  auneliiift, 
to  which  the  general  nin» 
of  segmental  organs  may  be  given,  from  their  relations  to  the  metamaic 
somites  of  the  body. 

It  was  first  shown  by  Rathke  in  182G  that  the  Wolffian  bodi«  d 
all  vertebrates  consist  of  glandular  tubes  with  which  are  combiiwd 
vascular  glomeruli  of  the  same  general  natm^  as  those  of  the  adnb 
kidney;  and  recent  resetux^hes  have  further  shown  that  an  efisenial 
structural  character  of  the  bodies  in  question,  in  the  great  majority  d 
animals  in  which  they  are  found,  is  the  existenea  at  an  early  stage  of 
development  of  an  oi)ening  on  the  one  hand  of  a  certain  number  of 
their  tubes  into  the  body  cavity  of  the  embryo,  and  on  the  other,  of  ok 
or  more  of  their  main  ducts  into  the  cloaca  or  hinder  part  of  the  tS- 
mentary  canal. 

In  the  amuiota,  that  is  in  reptiles,  birds  and  mammals,  while  tie 
greater  part  of  the  segmental  organs  known  as  the  Wolffian  boditf 
becomes  atrophied  and  disappears  in  early  foetal  life,  a  further  develcih 
ment  of  organs  of  a  similar  structure  gives  rise  to  the  permantiii 
kidneys,  and  parts  of  the  embryonic  segmental  organs  with  their  dnco 
contribute  to  the  formation  of  the  admt  male  and  female  generadve 
organs. 

Distinction  of  Pronephros,  Mesonephros^  and  Ketanephrof.— 
The  simultaneous  researches  of  Semper  and  Balfoar  in  elasmobranci 
fishes  have  led  them  to  distinguish  three  typical  or  fundamental  pans-^ 
the  segmental  organs,  all  of  which  agree  more  or  less,  1st,  in  their  cb- 
racteristic  renal  or  com])ined  tubular  and  glomerular  structure,  and  tul 
in  their  opening  on  the  one  hand  anteriorly  and  internally  into  tin? 
a\i4om\m\  e-tcsVc^, \i.\A Qw>i5cvfc  <^\3w«. "^^tftdorly  into  the  cloaca. 

TiYieBfc  \io^Q!^  VWK5  \sfe  ^^a^^  ^  SioKSifc  ^fi3c^>^^^^^<^f  an  ena» 
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"''■mimntal  apparatus  extending  on  each  side  of  the  body  of  a  Terte- 
f^f'toate  embryo  from  the  head  or  region  of  the  heart  to  the  cloaca  in  the 
**liinder  part  of  the  body.    The  middle  division,  which  in  the  embryonic 

condition  is  the  largest,  is  the  "Wolffian  body  before  referred  to :  the 
^  anterior,  much  smaller  and  less  constant  among  animals,  is  the  head- 

kidney  of  Balfour  and  Sedgwick  ;  and  the  posterior  one,  later  of  being 
^  fbnned  than  the  other  two,  corresponds  to  the  jxirmanent  kidney  of 
^  the  amniota.  To  those  several  divisions  of  the  segmental  apparatus 
:e  Bay  Lankester  has  given  the  appropriate  designations  of  Pronephros, 
't  Mesonephros  and  Metanephros. 

{R  Wolfflaa  and  MiillariaiL  I>iiots. — Each  of  these  three  divisions  of 
'  the  segmental  organs j)OS8e8ses  an  excretory  duct — viz.,  the  Miillerian  duct 
'  belonging  to  the  pronephros  or  head-kidney,  the  "Wolffian  duct  to  the 
*    meaonephros  or  Wolffian  body,  and  the  ureter  to  the  metanephros  or 

permanent  kidney  of  the  amniota. 

Pig.  797. 


E 


Fig.  797. — ^DiAORASf  or  the  primitiyx  condition  or  ths  kidvet  nr  ah  XLAflvo- 
BRANCH  KMBRTO  (from  Balfour). 

jn2,  segmental  duct ;  opening  at  o,  into  the  body  cavity  and  at  its  other  extremity  into 
the  cloaca  ;  x,  line  of  separation  between  the  Wolffian  duct  above  and  tlie  Miillerian  duct 
below ;  st,  segmental  tubes,  opening  at  one  end  into  the  body  cavity  and  at  the  other 
Into  the  segmental  dnct. 

The  general  nature  and  relations  of  these  segmental  organs,  considered 
WB  embryonic  structures,  and  as  the  foundation  and  precursors  of  the 
permanent  urinary  and  internal  generative  organs,  will  be  best  explained 
hj  following  Balfour's  very  clear  statement  of  the  principal  steps  of 
their  development  in  elasmobranch  fishes. 

Origin  and  Formation  of  the  Segmental  Organs. — The  segmental  organs 
of  the  vertebrates  originate  in  a  long  shaped  mass  of  formative  cells, 
which,  at  a  period  corresponding  to  the  latter  half  of  the  second  day 
of  incubation  in  the  chick,  is  seen  to  be  separated  from  the  mesoblast 
in  a  recess  between  its  mesial  or  protovertebral  and  its  lateral  columns, 
and  which  has  hence  received  the  name  of  intermediate  cell-mass. 
The  separation  of  this  cell-mass  as  a  distinct  cord  or  column  begins  in 
the  r^on  of  the  fifth  somite  or  protovertebra  in  the  chick,  and 
extending   from   thence   backwards  to  near  the  hinder  part  of  the 

{dmitive  gut,  it  finally  reaches  the  cloaca  with  which  it  is  connected, 
t  is  at  first  solid,  but  soon  acquires  a  lumen  within,  and  thus  forms  a 
tube,  the  greater  part  of  which  corresponds  with  that  which  was  earlier 
known  as  the  Wolffian  duct,  but  which  in  its  entirety,  according  to  the 
more  recent  views  before  quoted,  may  be  named  the  segmental  duct. 
This  column  with  its  duct  at  the  same  time  changes  its  position  by 
sinicing  down  in  a  ventral  direction,  so  that  it  comes  to  project  in  the 
body-cavity,  and  soon,  by  a  rapid  increase  oi  forraalv;^  sofe^VasvRfc^^-'QSQi^ 


892 


UEINABY  AND   GENERATIVE    OBGAKS. 


it,  the  whole  forms  a  longitudinal  column  on  each  aide  of  the  nKseDtor 
between  the  parietal  and  visceral  divisions  of  the  mesoblast. 

Se/jnimtal  Tubes, — Within  this  columnar  mass  a  series  of  tubukrofa 
are  early  developed  (Wolffian  tubes)  which  have  the  general  fonnof  sbii 

Kg.  79a 


Kg.  798. — TrANSVERSB  SBCTIOH  through  the  EXBRTO   of    THB   chick   AHD  BUST-Mffll 

ON  THB  SECOND  DAY  (from  Kollikcr). 

ddy  hypoblast;  ch^  chorda  dorsali8;tttr,  primordial  Tcriebrse ;  mr.  iu*.JalBT 
plates  ;  /<,  corneous  layer  or  epiblast  \  uwh,  cavity  of  the  primordial  vertebrU  xaa; 
mp,  mesoblast  dividing  at  tp  into  hpl,  body  wall,  and  df,  viaceral  wall;B»|, 
Wolffian  duct,  beginning  in  the  intermediate  cell-mass.      (See  also  figs.  690  and  69*1) 

transverse  caeca  directed  inwards  and  connected  externally  with  the  mail 
s^mental  duct.  These  tubes  in  the  lower  vertebrates,  and  in  rejfrifei 
among  the  amniota,  correspond  closely  in  number  with  the  vertebr^  or 
muscular  somites  in  the  region  which  they  occupy  ;  but  in  birds  aod 
mammals,  though  at  first  nearly  so  correspondintr,  they  come  lat^  to 
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Fig.    799.  —  Dxiflftix   Of  TEi 

PRIMITITB  URO-OKSITAI.  uISlSS 
TX  THK  KXBKTO  PMTIOri  I* 
8KXUJLL    DISnSGTIOS. 

The  hinder  p«rts  are  dion 
chiefly  in  profile,  hot  the  Mil- 
lerian  and  Wolflian  ducts  are  «• 
from  the  front,  entire  npca  :k 
left  and  cot  short  apoQ  the  ri^b 
side.  3,  ureter  ;  4,  uriBHT 
bhidder  ;  5,  urachna;  oT,  thegwi- 
tal  ridge  from  which  orvr  <r 
testicle  is  aftervards  fonud; 
W,  left  Wolffian  body;  x,  » 
terior  part  from  which  the  c« 
vasculosi  are  afterwards  developei!; 
tr.ir,  right  and  left  Wolffian  dcti: 
wi.TO,  right  and  left  Mulkna 
ducts  uniting  together  and  vni 
the  Wolfllan  ducts  in  ^,  tk 
genital  cord  ;  ug^  sinus  biq^ 
talis;  i,  lower  part  of  the  iaia- 
tine  ;  cf,  cloaca  ;  cp,  ekraw 
'which  becomes  clitoris  or  peos; 
l9f  fold  of  integument  from  viikk 
the  labia  majors  or  scxutoo  tft 
formed. 


be  more  numerous  bv  the  addition  both  of  original  and  of  secondarr  tubes. 
These  may  be  namecl  the  segmental  tubes.  In  its  primary  form,  tl^refoit 
the  segmental  organ  might  be  described  as  consisting  of  a  main  doc:  iC 
canal  with  a  number  of  caecal  tubuli  branching  from  it  or  leadinir  inw  ii 
laterally.  ^^ 
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Very  soon,  however,  a  great  modification  and  complication  in  the 
structure  and  relations  of  this  organ  takes  place  in  three  ways  which 
may  be  shortly  stated  as  follows  : — 1st,  by  the  formation  of  openings 
from  the  inner  ends  of  some  of  the  segmental  tubes,  and  later  of  the 
g^mental  duct  itself  into  the  peritoneal  or  body  ca\ity  at  its  upper  or 
dorsal  part ;  2nd,  by  the  increased  growth  and  convolution  of  the 
tubules,  especially  of  the  mesonephros,  and  by  the  development  of  vas- 
cular glomeruli  in  connection  with  them ;  and  3rd,  by  the  formation  of  a 
new  collateral  duct  in  the  vicinity  of  the  original  'segmental  duct,  and 
certain  changes  in  the  association  of  the  segmental  tubes  with  the  two 
ducts  which  thus  come  to  take  the  place  of  the  original  segmental  duct. 
These  latter  changes  are  of  such  a  nature  that  the  greater  number  of  the 

Fig.  800. 


Fig.  800.~Sbctioh  THRocon  thi  lumbar  reoioh  or  an  exbrto  chick  or  rouB  days 
(from  Poster  and  Balfour  ^ 

nc,  neural  canal ;  or,  posterior  root  and  ganglion  of  a  spinal  nerve  ;  ar,  anterior  root ; 
mjp,  moBcle-plate  ;  cA,  not<»chf.rd  ;  HVif,  Wolffian  ridge  ;  AO,  aorta  ;  Vc  a,  cardinal  vein ; 
Wdf  Wolffian  duct ;  \\\  Wolffian  body  with  ghmieruli ;  //r,  genuinal  epithelium  ;  J/irf, 
depreasion  forming  the  commencement  of  the  Miillerian  duct ;  (/,  alimentary  catml ;  M^ 
meientery ;  SO,  body-wall  ;  iSP,  visceral  wall ;  T,  blood-vessels  ;  pp,  pleuro-jieritoneal 
•pace. 

glandular  tubules  forming  the  mesonephros  remain  connected  with 
that  part  of  the  segmental  duct  which  Inicomes  the  "Wolffian  duct,  and 
are  thus  brought  to  a  common  opening  in  the  cloaca  ;  while  (as 
ascertained  in  some  vertebrates,  though  not  in  all)  some  of  the  anterior 
toboles  are  left  in  connection  with  the  separate  or  newly-formed  duct, 
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which,  having  been  originally  discovered  by  Joh.  Mttller  in  1880,  h 
since  been  named  the  Miillerian  duct. 

The  uret<^r  may  be  looked  upon  as  an  offset  from  the  hinder  jart 
the  Wolifian  duct,  and  tlie  metanephros  of  the  elasmobranchs  consists 
a  set  of  segmeuta]  tubes  developed  in  connection  with  this  duct,  pc 
sessing  the  same  glandular  and  glomerular  structure  as  the  mesonephn. 
and  occupying  a  situation  which  is  on  the  dorsal  aspect  of  the  Wolflfc 
duct  and  near  its  hinder  part.  The  characteristic  feature  in  the  devek) 
ment  of  the  urino-genital  ffjrstem  In  the  amniota  is  according  to  Balfo 
the  formation  of  a  metanephros  or  permanent  kidney,  and  the  compk 
or  partial  disappearance  of  the  other  two  parts  of  the  segmental  organs- 
viz.,  the  pronephros  and  mesonephros. 

The  Miillerian  and  WolflSan  ducts  stand  in  a  different  relation  to  tl 
productive  organ  in  the  two  sexes.  In  the  female  the  Miillerian  du 
becomes  developed  into  the  whole  length  of  the  genital  passages,  and  tl 
Wolffian  duct  almost  entirely  disappears.  In  the  male,  on  the  otb 
hand,  the  Wolffian  duct  becomes  converted  into  the  excretory  duct  (V3 
deferens)  of  the  testicle  ;  while  the  Miillerian  duct  undergoes  atrophy  as 
has  no  permanent  existence. 

Fig.  SOL 


Fig.  801.— Diagram  or  tbi  irrahoixbiit  op  tbk  URiiro-QiiriTAL  oboais  ni  as 

ADULT  7EMALK   KLASHObBAKCH   (from  Balfour). 


m.d.f  Mullcrian  duct;  v.df  Wolffian  duct;  ij,  segmentAl  tubes;  fire  of  tkcB  • 
represented  with  openings  into  the  body  cavity,  and  five  posteriorly  oorrcspond  to  tl 
metanephros  ;  or,  the  ovary ;  rf,  ureter. 


In  connection  with  the  conducting  passages  of  both  sexes  there  ai 
found  in  later  life  vestiges  of  those  of  the  embryonic  structures  wlii< 
are  not  employed  in  the  production  of  the  permanent  generative  organ 
and  these  vestiges  are  of  considerable  interest  in  their  bearing  upon  tl 
history  of  the  changes  by  which  the  permanent  organs  are  fomied. 

Genital  Ridge  and  Germ- Epithelium, — In  all  the  Vert<;brate*  i! 
productive  gland  of  the  generative  system,  ovary  or  ti^ticle,  tak«  i 
origin  from  formative  blastema  situated  on  the  mesial  side  of  en 
"Wolffian  body  or  mesonephros  at  an  early  period  of  embryonic  life,  ai 
there  is  in  the  commencement  a  close  connection  l)etwecn  the  uri^ 
of  the  first  elements  of  the  sexual  products,  ova  or  s{X'rmatic  cvl 
and  a  portion  of  the  epithelium  which  lines  the  body  cavity  in  tli 
region.  Here  an  elevation  of  the  blastema  and  thickened  epithelia 
marks  the  presence  of  the  gmnUal  riig$^  and  the  name  of  germ-fpUkeiiM 
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is  given  to  the  more  developed  portion  of  the  epithelium  from  which  the 
generative  elements  are  derived. 

In  the  lower  vertebrates  the  anterior  part  of  the  Miillerian  duct  is  connected 
with  the  pronephros,  and  the  opening  by  which  this  duct  communicates  at  its 
anterior  extremity  is  probably  one  of  the  peritoneal  apertures  of  that  portion  of 
the  segmental  organs.  Among  the  amniota  the  pronephros  or  head-kidney  is  as 
yet  only  known  in  birds  by  the  researches  of  Sedgwick  and  Balfour ;  but,  accord- 
ing to  the  views  of  the  latter,  it  seems  probable  that  the  anterior  part  of  Miiller's 
dnot  is.  in  reptiles  and  mammals  as  well  as  in  birds,  homologous  with  the  duct 
of  the  pronephros.  Although,  therefore,  the  tubular  part  of  the  pronephros  is 
not  developed  in  these  animals,  there  is  reason  to  hold  that  the  type  of  develop- 
ment of  their  urogenital  passages  is,  in  the  main,  the  same  as  in  birds  and  the 
lower  vertebrates. 

The  relation  of  the  origin  of  the  productive  sexual  organs  to  the 
mesonephros,  though  not  yet  fully  ascertained,  is  known  to  be  closer 
in  the  male  than  in  the  female  sex.  Thus  there  is  good  reason  to 
believe  that,  while  in  both  sexes,  as  already  stated,  the  productive  elements 
are  derived  from  the  germinal  cells  of  the  genital  ridge,  there  are 

Fig.  802. 


Vif^    802. — DUQRAM  or  THI  AIUUHOIXINT  or  THK  URIKO-OElflTAL  ORQAKS  in  AH 
ADULT  MALI   BLASMOBRAICCH    (frotU   Balfour). 

iii.dL,  nidiment  of  Miillerian  duct ;  w,d.  Wolffian  duct,  senring  at  vtf  as  vas  deferens  ; 
9.t,  Mgmental  tubes,  two  represented  with  openings  into  the  body  cavity  ;  d,  ureter ; 
t,  testis  ;  n/,  canal  at  the  base  of  the  testis  ;  V.B,  vasa  cfferentia ;  Ic,  longitudinal  canal 
of  the  Wolffian  body. 

differences  in  the  further  development  of  the  organs  containing  the 
generative  elements,  as  in  the  Graafian  follicles  m  the  one  and  the 
spermatic  tubes  in  the  other. 

-  Tlia  Eztemal  Or^anj. — With  regard  to  these  organs,  it  is  sufficient 
to  remark  in  this  place  that  the  structural  elements  from  which  they 
take  their  origin  are  essentially  the  same  in  the  two  sexes,  and  that 
their  special  sexual  characters  in  the  male  and  female  depend  rather  upon 
differences  in  the  degree  and  manner  of  their  development  than  uiyon 
any  fundamental  disparity  in  their  nature.  The  nature  of  the  process 
will  be  more  fully  explained  hereafter. 

In  all  mammals,  with  the  exception  of  the  monotremata,  the  dis- 
tinctive development  of  the  external  organs  is  preceded  by  the  separation 
cf  the  cloaca  mternally  into  an  anterior  urogenital  and  i)osterior  anal 
part,  which  when  the  proctodseum  is  perforated  open  separately  on  the 
mriiaoe* 
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The  history  of  the  development  of  the  parts  composinff  the  ereni 
organs  in  connection  with  the  formation  of  their  special  sexual  ebanuc-js 
will  be  described  in  a  later  part  of  this  chapter. 

//.  FUETHER  DEVELOPMENT  OF  THE  PHRJifuiyEXT  USrXO-GiyniL 

ORGASS. 

I.    THB    EIDNS7S. 

The  origin  of  the  kidneys  as  a  metanephros  in  connection  wi:b  tbi 
hinder  part  of  the  Wolffian  body  on  its  dorsal  aspect  has  absidj 
been  adverted  to.  Kolliker,  following  Kupffer  and  Lieberkuhn,  »: 
from  his  ONvn  observations,  has  descrilxKl  the  first  appearance  of 
the  kidney  in  mammals  as  taking  place  by  the  development  uf  i 
tubalar  diverticulum  from  the  Wolffian  duct  near  its  terminati-.-n  in  tb: 
cloaca.  This  tube  represents  the  eariiest  condition  of  the  urttc-r,  aa-ii: 
extends  into  a  mass  of  mesoblastic  cells  corresponding  or  conriE&jS 
with  that  of  the  Wolffian  body  from  which  the  glandular  pan  of  i 
kidney  is  gradually  developed.  The  distinction  between  the  tubular  iff 
ureter  part  and  that  which  is  to  Income  the  parenchyma  of  the  risi>: 
becoming  more  apparent,  the  latter  increases  greatly  in  volume,  ami 
rapidly  encroaching  on  the  space  alx)ve  the  Wolffian  body  comes  to 
occuj)y  the  whole  of  the  region  between  it  and  the  aorta,  and  even  to 
project  further  forward,  while  other  changes  in  the  interior  indicaie 
the  process  of  formation  of  the  gland.  In  the  ureter  the  hinder  pan 
elongates  as  a  single  tube,  but  the  forepart  becomes  dilated  and  sab- 
divided  into  cajca  or  wider  portions  which  represent  the  cc»nmiencemeB 
of  the  several  divisions  of  the  pelvis.  These  divisions  are  surrounded  by 
masses  of  the  glandular  blastema,  into  which  there  pass  smaller  cscal 
tubes  which  seem  to  sprout  from  the  pelvic  hollows  of  the  original  utko. 
These  tubes  then  become  convoluted,  and  on  their  exterior  small  masse* 
of  cells  accumulate  in  which  the  vascular  glomeruli  are  gradually  fc^ined 
by  the  development  of  blood-vesstls  within  them.  These  bkxJd-vessels 
remain  connected  with  the  external  blastema  in  which  they  arise  tj 
means  of  a  stalk  or  pedicle,  but  the  glomerulus  now  comes  to  be  pK-jtrttd 
into  a  doubling  of  the  uriniferous  tubule  in  the  manner  which  belongs :» 
all  such  renaf  structures.  There  is  at  firet  no  distinction  between  lb? 
straight  and  the  convoluted  parts  of  the  tubular  substance,  but  this 
arises  later  by  the  gathering  together  of  the  convoluted  parts  in  K'Un'Iri 
masses  towards  the  exterior,  and  the  elongation  of  the  straighter  m^^ 
inteiTially,  while  at  the  same  time  or  somewhat  later  the  latter  gr^q 
themselves  into  bundles  which  form  the  pyramids  and  project  into  li? 
pelvic  calices. 

In  the  human  foetus  of  eight  weeks,  the  Malpighian  glomeruli  are  iIr^kT 
apparent.  In  the  thinl  month  the  papillie  are  formed,  and  in  the  fourth  i^ 
recurved  tubts  of  Henle  have  become  apjiarent.  At  first,  therefore,  the  kidbey* 
Beem  to  consist  wholly  of  cortical  substance,  with  only  convoluted  tubes,  and  ti 
formation  of  the  straight  tubular  substance  is  the  result  of  a  hitcr  chan^.  Tts 
tubes  are  absolutely,  as  well  as  relatively,  wider  in  early  foetad  life  r*^^"  in  the 
adult. 

In  the  human  fo-tus  of  ten  weeks  the  kidneys  have  acquired  their  pctla? 
bean-like  shape  with  the  hilus  for  the  ureter,  pelvis  and  vessels.  Tht-y  art  5J*» 
dii«tinctly  lobulatcd  oxtomally.  and  they  retain  this  form  np  to  the  time  cf  r  :*-- 
and  during  the  fir>t  year  of  infancy,  and  it  is  not  oncommon  to  firi*!  thelobslft^ 
form  in  kidneys  of  a  later  period. 
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VrinATj  Bliicider  and  Vraohiui. — Tho  urinary  bladder,  as  already 
stated  in  an  earlier  part  of  this  description,  is  formed  by  a  dilatation  of 
the  stalk  of  the  aUautois.  In  the  human  foetus  this  appears  as  a 
spindle-shaped  cavity  at  the  end  of  the  second  month,  the  narrower 
part  below  being  prolonged  as  the  first  part  of  tho  urethra  into  the 
cloaca,  while  the  upper  narrowing  part  extends  as  tho  urachus  into  the 
umbilical  cord,  ana  at  an  early  period  in  animals  is  prolonged  into 
the  cavity  of  the  allantois. 

The  ureters  terminate  in  the  dorsal  wall  of  that  part  of  the  nrogenital  sinus 
which  is  dilated  into  the  urinary  bladder. 

The  urachus  is  usually  a  solid  cord  at  a  short  distance  from  the  bladder,  but, 
meoatding  to  Luschka,  it  not  unfrequently  remains  hollow  for  some  length  within 
the  umbilical  cord. 

The  epindle  shape  of  the  bladder  is  retained  for  a  long  time  in  the  human 
foBtoa. 

For  the  development  of  the  Suprarenal  bodies,  see  p.  841. 

Genital  Cord. — In  both  sexes,  as  was  first  fully  shown  by  Tiersch 
(No.  287)  and  Leuckart  (No.  287*)  in  1852,  the  two  Wolffian  ducts 
are  united  by  surrounding  substance  into  one  cord  behind  what 
becomes  the  base  of  the  urinary  bladder  ;  but  retaining  internally  their 
separate  passages  until  they  reach  the  sinus  urogenitalis.  With  this 
oord  the  Miillerian  ducts  are  incorporated  posteriorly,  so  that  at  one  time 
there  are  four  passages  through  the  whole  of  the  genital  cord.  The 
MiUlerian  ducts  next  coalesce  into  one  at  some  little  distance  from  their 
lower  ends,  and  this  fusion  progressing  upwards  and  downwards  for  a 
considerable  space,  a  single  median  cavity  is  produced  which  lies  between 
the  still  separate  canals  of  the  Wolffian  ducts.  A  large  accumulation  of 
tiflsne  in  its  walls  gives  to  the  genital  cord  great  thickness  as  compared 

Fig.  808.— Travsvirse    sic-  Fig.  803. 

TlOirS  or  TBI  OniTAL  CORD 
IK  A  riMALl  CALF  EMSRTO. 
MAGRinRD    14    DIAMETERS 

(from  K&Uiker). 

1,  neir  the  npper  end  ;  2 
and  3,  near  the  middle ;  4,  at 
the  lower  end  ;  a,  anterior, 
p,  posterior  anpcct ;  m,  Miil- 
Terian  ducts  anited  or  sepa- 
zmte;  w,  Wolffian  ducts. 

with   the  neighbouring 

parts  of  the  ducts  where 

they  emerge    from    its 

enclosure.      The    lower 

part  of  the  united  Miillerian  ducts  thus  comes  afterwards  to  form  the 

foundation  of  the  vagina  and  lower  part  of  the  uterus  in  tho  female, 

and  the  corresponding  prostatic  vesicle  with  its  occasional  vestigial 

accompaniments  in  the  male,  or  the  uterus  masculinus. 


n.  aaNSRATivii  oaaANs. 


In  the  history  of  the  further  development  of  the  generative  organs  it 
will  be  convenient  to  consider  them  in  the  two  sexes  in  succession  under 
the  thit»  heads  of,  1st,  the  reproductive  glands^  or  strictly  internal 
VOL.  n.  3  k 
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organs;  2nd,  the  conducting  passages  or  intermediate  organs;  se 
8m,  the  external  organs. 

1.  BeproductiTa  Glands. — From  all  recent  researches  it  appec 
certain,  as  pre\'iousl7  stated,  that  the  reprodoctiTe  elements  of  tk  tr 
sexes  take  their  origin  from  an  identical  source,  viz.,  the  germ-epttbe&s 
of  the  genital  ridge,  situated  on  the  mesial  side  of  each  Wol&n  l<idj 
It  appears  further  that  in  the  earliest  stages  of  both  the  sexes  the  thicken 
ing  of  the  genital  ridge  bj  the  columnar  enlargement  of  its  e^iiMi 
cells  occurs  nearly  in  like  manner ;  and  it  is  even  further  stated  tbaLi 
embrjoes  exhibiting  a  tendency  to  be  developed  as  males,  an  enlaigema 
of  some  of  the  germ-epithelial  cells  into  the  form  of  primordial  on  i 
observed  of  the  same  kind  as  in  embiyoes  about  to  become  females.  Be 
as  development  advances,  the  similarity  in  the  condition  of  the  gon 
ridge  becomes  less,  and  the  germ-epithelial  cells  remain  on  the  whi^ 
flatter  in  the  male  than  in  the  female. 

In  the  human  embryo  the  distinction  of  sex  begins  to  be  pensepdbl 
in  the  internal  organs  in  the  seventh  week,  and  becomes  more  appua 
in  the  eighth.  The  reproductive  gland  is  fh>m  the  first  connected  n 
the  Wolffian  body,  with  which  its  blastema  seems  to  be  actulh  i 
part  continuous ;  and  it  remains  attached  to  it,  or  after  its  dis^vpes 
ance^  to  the  structure  which  occupies  its  place,  bj  a  fold  of  the  pec 
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Fig.  804.~TiABSfiia  m 
Ttom    OP     ram   voltiu 

BODT  or  TBM  COCK  M 
TKLOPUO   YEM  ftOSIPIK 

▲sD  QsvnAL  aukn  «i  n 
rouKTH  DAT  {iom  JkUm 
After  Wald^per). 

ifi.  mmtntaj ;  L,  M] 
waU  ;  a\  poctkm  «f  tfe  cfi 
thelinm  from  vUek  ibt  a 
Tolation  of  tlbe  laisiar  pa 
of  the  MtiUefua  dvl  ^  i 
taking  place  ;  «,  tkktei 
gezminal  ^hketiaai  ia  «U 
aj«  aeea  priautive  gamm 
ceUa,  C  mad  •:  E,  wMbb 
ueaoblaai  whkk  wSi  ka 
tbe  stnMBa  of  tke  onn 
ITiT,  WoUBaa  bo47 ;  f  ,  ir<i: 
fian  duct. 


toneal  membrane,  ooc 
stituting  tbe  mescidiiis 
*  or  mesovariuDL  TjfA 
and  lower  bands  fix  tfei 
Woffian  body;  the  nppfl 
passing  to  tbediaphnea 
.  may  be  nanoMsd  tbe  dii- 

phragmatic ;  the  lower,  running  down  towards  the  groin  from  tbi 
Wolffian  duct,  contains  muscular  fibres  and  constitntes  the  fasst 
gubemaculum  testis  and  round  hgament  of  the  nterus. 

In  birds  the  distmction  of  sex  is  easily  recognisable  at  an  eariv  wrk-d 
by  the  occurrence  in  the  female  of  an  atrophy  of  the  ovarv  andpsbfif^ 
nn  the  right  side,  while  those  of  the  left  are  ftdly  develop^ 
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Tke  Testicle, — In  male  homaE  embryoes  at  the  tenth  week  already 
seminal  canals  are  visflile,  Ix'ing  at  first,  according  to  Kiilliker,  eotirely 
composed  of  cells,  but  liy  tlie  eleventb  and  twelfth  week;^  tlie  tubes  have 
become  fiomewhat  smaller,  lon^ijer,  and  are  now  hranched  and  possess  a 
membrana  propria.  There  is  also  l>j  the  end  of  the  tlnrd  month  a  com- 
mencement of  lobular  division,  and  the  body  of  the  testis  is  now 
covered  with  a  condensed  layer  of  Jihrons  tissue  which  forms  the  tnnica 
albtiginea.  The  seroiis  covering  is  derived  from  the  abdominal  peri- 
toneum. 

The  first  origin  of  the  jnrlandalar  substance  of  the  testis  has  not  been 
observed  in  the  human  euihn'o,  but  from  the  observations  of  Egli  in 
male  emlirj-o  rabbits  (No*  il08)  it  api^ars  that  fclie  rpitlielial  cells,  which 
remain  smaller  than  in  the  females,  soon  become  connected  with  the 
deeper  bhtsiema  extendin^^  towanis  the  Wolffian  Ixjdy,  and  form  strings 
of  cells  running  into  the  body  of  the  future  testis.  These  are  the  com- 
me  nee  men  ts  of  tl  le  t  nbu  1  i  se  m  i  ni  fen .  8om  e  i  n  t  i  ma  te  con  n  ect  ion ,  h  o  w- 
ever,  also  exists  between  the  tulmlar  structure  of  the  testis  and  the  tubes 
of  the  anterior  part  of  the  Wolthan  hjd}\ 
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Fig.  805. — IirTBRVAL  oRiriTAL  onoAVs  or  a  mali 
1IT71IA2I  SMBaro  or  3J  ihcuks  lovq  (from  Wal* 
deycr). 

I,  body  of  tho  t4»ticle  with  wminal  canaU  formed  ; 
e,  epiclidjmift,  or  upper  t>art  of  Woiffijin  body  ;  *r,  Wolf- 
fijin  body,  lower  part,  beeomiiig  pAmdidymia  or  argin  cl 
OinUd^ ;  ti^',  Wolffian  duct,  Incoming  tis  deferens  ;  g, 
gubersaculant^ 

The  nnture  of  thin  connection  la  not  full j  mnde 
out  in  bird^  or  mammab,  but,  from  tlie  ob««r* 
vations  of  Bmun  in  reptilea  (So.  303*),  it  is 
probable  that  the  forni'ition  of  the  sieminiferoii* 
tubes  has  vK>me  clo^  rebation  with  the  segni^ntal 
tdbet  of  the  Womian  IxKly,  and  in  t^nch  a  waj  tlmt 
the  genninAl  epithelium  ccllri  arc  combined  with, 
or  enoloaied  in  iham  tnbefl,  which  extend  into  the 
body  of  the  testis,  and  thus  come  to  contain  the  mdimentd  of  the  Bpennatio 
oella.  (For  the  development  of  the  spermafcoaoa  frora  the  lipermAtio  ocUu,  see 
p.  fiH.^  of  thin  volnme.) 

To  the  prolxiblc  union  between  the  tubular  rtmcture  of  the  testis  (rcte 
tc«ti«,  ¥ftaa  recta,  kc.)  wnth  the  va*  defereiifl,  through  the  ooni  va*cu!o8l, 
by  the  peralrtmoe  of  some  of  the  tubes  in  the  anterior  part  of  the  Wolfllaii 
body,  lef erenoe  will  be  made  cinder  the  description  of  the  development  of  the 
genital  paMaf^eft, 

The  general  reenlt  of  recent  reaearchea  appeam  to  be  that  the  clementa  of  the 
apermatosoa,  as  formed  in  the  Hpermatio  oelia,  are  detiYed  foom  the  germinal  epi* 
thelium,  while  the  aecreting  tnbeii,  which  contain  the  o^hi,  owe  their  origin  to  a 
derelopment  of  formative  meioblast  aitoated  between  the  germ-epi thelium  and 
the  Wolffian  body,  and  probably  alao  to  the  direct  extension  of  some  of  the 
aetgmental  tnbee  from  the  Wolffian  bodiee. 

TIm  Ormsy. — Consitlered  as  a  frlandular  or^an  the  ovary  differs  from 
the  testicle  and  other  <^lntH]B  by  the  abseiiw  of  8jK}cial  excrtt^^rj  duets, 
and  by  the  »eparati»>n  <»r  its  conducting-  nasgaj[^8  from  the  glandular  or 
prodnctivo  part  of  itft  structure.  Like  the  testicle  it  bef^in«  to  manifest 
)Ca  i>ecnlirtr  characteristics  hy  the  seventh  or  eijjhth  week,  when  the 
germ-epitheUnm  hag  attained  oonaidenible  thickness,  and  formH  a  de<'ided 
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prommence  on  the  mesial  side  of  the  Wolffian  hodj.  He 
deTelopment  of  the  glandular  part  of  the  organ  cotmaiM  mail* 
formation  of  ovigerma  and  oTa,  and  the  enclosure  of 
Graafian  foUicIes  by  a  peculiar  combination  or  intermixtore  rf  I 
germinal  cells  frcim  the  sorfaoe  with  the  deeper  li^M^^^fn^  irhieii  lorail 
stroma  of  the  organ. 

Fig.  S06. 


Fl|*  806. — ^TEJOffitmsB  sscnoir  ntnocoH  teb  otakt  or  aw  nosro 
Tin  aiAH'innrxLniK  riasniG  ihto  rincnrra  ota  (bwm  " 


k% po, the pramalk  genn-^plllMllain  vid  tvo  prtmitiTe  ova  ti  wMAm($mwM «i 
•oiImm^  tlw  other  ham  rank  Mov  tbe  epitheliam ;  «kevlMR  Iha  TSffiii^  lAMip 
of  tlie  fi^ni*  thowM  the  orwMa  itanA  or  Ijmphfttie  limw  «ad  ll»  eoiviif  il 
epitheUiuii. 

Trimordial  Oira.— From  the  researches  of  WaUe^er  fJfa  58)  ^ 
of  manj  others  there  cannot  now  be  any  donbt  that  the  primisne  0 

Fig.  S07.^l3mcx3rjii.  obaahs  or  A  riHUM  scf 
Ftvnrs  OF  ^  nrcKBe  momy  oa  JkBOW  14  «ii 

o,   the  owj  htll    of  pKiBovdiil  o«s;  n  «! 
of  the  upper  p«t  <rf   Om  Wolfttt  Mr  ^ 
the  epoophenm  (fmvaiimB   «C  Kebalt) ;  W,  ( 
lover   pert   of   tho    WoUSui    twdj 
psroophoraii  of  Hie  and  WaklfTo- ; 
duct;    M,    the    MolleriHi    dud; 
fimbrialed  opening. 


Kebeit);  WJ 

body  i«mj 

'■  ■•■ "  1 


are  derived  fVoni  some  of  dneedkofi 
germ-epithelinm  nrhich  nndogo 
ment  and  snfaaeqiiiaitlj  beeona 
in  Graafian  foIKdea.   *Biit   dcNtbCi  h 
existed  as  to  the  exact  iMtwr  {^ 
this  enclosnre  takes  plaoe^  and  m 
pecially  as  to  the  aonrce  of  Iha  c 
lining  of  the  fioUicle  whidi  k  al 
epithelinm  and  ^tos  rise  to  the  so-called  granular  membmiBiif  W 
periods.    According  to  the  view  fiisi  advocated  bj  Waldgcr, 


membrnDaiirw 
Waldejfr,^ 
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^^  ch  form  this  epithelial  and  pniniilar-cdl  lining  of  the  follicle  proceed 
^originally  from  the  germ -epithelium  along  with  the  primitive  ova.  By 
Foulis,  on  the  other  hand,  the  origin  of  these  cells  has  been  attributed 
to  an  enck>sure  and  ditterentiaiion  of  the  oetls  of  the  ovarian  stroma, 
while  Kolliker's  observations  have  k-d  him  to  ailupt  the  view  that  ther 
proceed  from  the  cellnlar  contents  of  tubes  which  are  connected  with 
the  Wolffian  body,  and  remain  for  a  time  as  vcBtiges  in  the  base  of  the 
ovary  (paroophoron  ?).  But  the  observatiuns  of  Ludwig  (No.  59) 
and  Balfour  (Xo.  02)  seem  to  show  \ery  decidedly  that  in  the  lower 
vertebrates  the  epithelial  lining  of  the  primitive  follicle  is  the  direct 
product  of  cells  which,  like  the  ova  themselves,  proceed  from  the  gr^^rm- 
epithelium.  And  though  it  must  Ije  admittt^d  that  in  the  human 
embryo  there  are  appearances  favourable  to  the  \iew  taken  by  Fotilis,  the 
writer  of  this  is  induced  fi*om  his  own  ubservations  in  t!ie  human  ovary 
and  that  of  several  mammals  eow  to  give  a  preference  to  the  opinion  of 
Waldeyer, 


i^ii  I 


^K-^or 


N^:^ 


^ 
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Pig.  808. — 8w?riO!i  of  the  otart  of  a  irtwLT-Boiur  chilis.     Hioklt  maowtfii» 

(WnJdcycr). 

Of  Orarism  or  gienuinal  eplihelimii  i  b^  formation  of  &n  OT&rijiii  tnbo ;  r,  c^  primordk] 
Ofm  lyiag  in  ibe  genu -i; pith diam  ;  d.  d^  longer  tube  becoming  coiistnct«d  so  as  to  form 
lie«ts  of  oelk  ;  f ,  c^  larger  nesU  ;  /,  dlatiQcUj  formed  folliclo  with  o^ram  jmd  epitbeliuia  ; 
ffpff,  blQod'Vesiol& 

In  the  earlieat  stages  of  OTuriui  development,  and  for  a  oonaiderable  time 
aftemards,  the  germinal  celU  of  the  |reiiit4Ll  ridge  iinder;go  a  remnrkaltle  multi- 
plicatba,  and  many  of  them  while  vtill  close  t-o  the  i^irface,  become  much  larger 
than  the  rest,  and  asmirae  the  appearance  of  primordial  ova  ;  the  nucleus  expand- 
ing into  the  germinal  vesicle,  ^4th  a  distinct  nudeolns  {or  macula)  formed  within 
it,  and  the  external  protoplasm  increasing  greatly  to  form  the  Titelloa  or  yolk, 
bat,  at  fijstf  without  any  enclosing  membrane. 

As  theee  ovigermj  increase  in  nnmber  and  klzg  they  retire  from  the  Fnrface  of 
the  germinal  rirlj^  or  ovary«  and,  oollecting  into  groups^  they  sink  into  the 
bhi^tema  which  lis^s  below  the  epithelial  covering. 

At  the  eame  time  a  great  increaae  and  extension  outwards  of  the  deeper 
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blasteiD&  occurs*  and  the  1  jmpliatio  cellft  (Batfonr)  of  which  it  ooofllts,  ] 
more  and  more  tbe  appeanmce  of  connective  or  fibro-nuolear  tianie. 

Ovaii&n  Tubes  and  Heats. — Em  lonjar  the  groups  of  ovigermfl  beoome  caiclo 
in  prolongations  of  the  stroma,  which  in  some  aaiinak  present  a  marked  tuh 
form,  aa  descril^ed  first  by  Valentin    (No.  281),  and  afterwards  more  fullj  1 
PfijQger  (No.  Sfi),  and   in  other  instances   iLi^aiiie  the   spherical   or  grape-lf 
form,  BO  as  to  deiterve  rather  the  name  of  jwnts  which  has  been  applied  to  I ' 


Fig.  809. 


B 


n^ 
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Fig.  809.^Tisv8  or  thb  roKMixroir  of  ova  itn>  oRAAriijr  voluclxs  tx  Turn  ovi 

(from  Foulis). 

A,  Kmall  portion  of  the  orat7  of  a  liumaa  ftfttu  of  3|  monthB,  iliowlQf 
ova  «m Willed  ia  the  stroma  ;  o»  larger  immordial  ova  ;  o',  oliuiter  of  earlier  onm  ;  a,  { 
form  ctrrpuscles  of  tbe  Htroma.     H,  portion  of  the  orory  nciu'  tbe  Kurfa^  in  ab« 
of   7}    month  Bf   Abo  wing  the  manner  of  inclusion  of  the  gerro^epitlielittti 
in  grotipi  in  the  ovtu-Un  stroma  ;  e,  germ  epithet i am  \  /,  one  of  the  cell*  « 
priniordiftl  omm  before  Kinking  into  theatroma  ;  o,  a  hu^r  cell  imbedded,  ' 
OTum  ;  19'f  groaiM  of  origermB  or  genu  oeUs  which  bare  been  anrrounded  by  I 
C,  yonag  omm  from  the  same  OTary^  isolated ;  |>,  yolk  protopk^m,    D,  oruv  \ 
enclosed  in  eomlemsed  stromA,  which  begiat  to  form  a  Graafiaa  felUele  ;  ^ 
plasm  ;  v^  genninjil  vesicle  with  nubcnhi ;  ^,  the  encloted  eorpiaaelea  wm  e 
the  gronaiar  cella  ;  Qj^  condensed  stroma  fonning  the  waU  of  the  Onafiaa  1 


In  thefte  tubes  and  2ie«t»  the  enhu'ged  oelle  derived  from  the  epttlielimivl 
gormi,  ara  at  fiivt  of  nearly  nnfform  nixe  and  appearance,  bat  very  « 
them  under^  a  greater  ^nhirgement,  while  the  othera  diminieh  ill  1 
the  »pher\cal  torca.  It  \a  "hcjV  Sia^tOtuvN^^,  ^JtisX.  Tl^a^^^  qC  these  lut  maj  wh 
appear^  having  ««rveat,  aocox^m^  \ic>  V^Mtjxa  » ^iw«  \::s.^.'«l>i,%ifc^ 

S  it  may  be  moTii,  ol  tV^  c«K*  ^=»s^««^  vi..s«*«ft.  to^«,pii«^, 
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more  and  more  diFtincUy  the  clmracters  of  ova  by  the  enlargement  of  the  yolk 
protoplasm  &nJ  germinal  vesicle,  while  thoae  of  the  others  which  stzrviFe  alter  their 
fihape,  becoming  flat t<  nod  nucleated  cells,  and  ftrrangre  themaelTei  m  a  more  or  le«9 
complete  single  layer  of  epithelium  lining  the  carity  of  ovarian  stroma  in  which 
the  primoniial  ovum  is  now  situated.  This  cavity  in  of  oonmse  the  firet  stage  of 
the  Graaliaii  foUicte,  and  the  eingle  layer  of  epithelimn  lining  it^  or  covering 
the  onim,  U  the  commencement  of  the  cellular  lining  which  afterwards  becomes 
largely  developed  in  the  tanica  gmntilosa, 

Encloflure  in  Graafian  Follicles. — IrXliile  this  is  going  on,  and  at  a  time 
which  varies  considerahly  in  <3ilferent  animals,  but  is  oomparatively  early  in  tho 
human  ovary,  the  ovarian  stroma  has  advanced  rapidly  so  as  to  enclose  first  the 
groups  of  primopdial  ova  in  the  tulws  and  nests,  and  then  the  individual  ova, 
with  their  still  very  imperfect  epithelium  ;  and  the  wall  of  the  Graafian  follicle 
oomes  to  be  formed  by  a  layer  of  condensed  stroma  surrounding  each  space  oon- 
Uitniug  an  ovum.  In  many  animals  the  ova  remain  in  this  condition  for  a  long 
time,  occupying  the  germinal  stratum  at  a  short  distance  from  the  surface  of 
the  ovary,  aa  may  bo  most  distinctly  seen  in  tho  ovary  of  the  kitten  (see 
figs.  612  and  GIH,  p«  7 to),  and  this  stratum  of  primordial  ora  is  even  recog- 
nisable in  some  animals  of  adult  age.  In  the  human  ovary  the  tubes  and  nest« 
are  more  equally  ditfiiMKl  through  the  Bubstanoe  of  the  ovary  than  in  mosst 
animals,  and,  indeed,  wj  much  so,  and  in  such  numbers,  that  in  the  human  embryo 
of  from  four  months  up  to  the  period  of  birth  the  ovary  seems  to  be  an  entire  mass 
of  primordial  ova,  with  only  a  ttlight  admlxtare  of  the  stroma  and  other  tissues  ; 
and  it  is  calculated  that  in  the  earlier  part  of  this  stage  the  ovaries  of  the  human 
foetus  may  contain  not  fewer  than  70,000  cells  having  ali  the  charactera  of 
primordial  ova, 

WaH  of  tlie  Follicle, — Wlien^  howeveft  a  certain  number  of  the  ova  begin 
to  be  further  developed,  they  retire  from  the  surface  into  the  deeper  st^  oma  of 
the  ortajt  the  moet  advanoed  bdng  generally  situated  at  the  greatest  depths 
but  at  acme  distance  from  the  hilus,  (See  %.  61  f>,  p.  719.)  When  this  takes 
place,  we  obsezre,  along  with  the  enlargement  of  the  parti  both  of  the  ovum  and 
follicle,  other  changes.  The  ovarian  stroma,  or  fibre-nuclear  Ussue,  forms  layeni 
round  the  follicle,  being  firmer  and  more  fibrous  externally,  and  looser  with 
somewhat  rounder  cells  next  the  cavity;  and  into  the  inner  of  these  layers  a  rich 
network  of  blood-vessels  soon  penetrates.  In  the  more  advanced  stage,  alipo,  we 
can  dlittiuguinh  a  fine  homogeneous  limiting  or  baj«ement  membrane  within. 

Oxanular'Cell  Lining,  —  In  the  interior,  and  surrounding  the  ovum,  the 
epithelial  c«^lbj,  which  were  at  first  flat  and  sparse^  have  now  been  multiplied,  and 
have  assumed  the  prismatic  shape,  eo  as  to  give  a  complete  and  compact  lining  to 
the  follicla.  In  subse^^uent  stages  the  cells  of  this  epithelial  lining  rapidly 
increase,  so  as  to  form  at  first  several,  and  then  more  numerori  layers;  and  when 
the  follicle  has  attained  some  size  a  fissure  occurs  in  these  granular  cell  layers 
en  one  side,  which  leaves  the  ovum  surrounded  by  a  set  of  the  cells  which  are 
in  contact  with  the  wall  of  the  follicle,  while  the  interval  gradnally  inoreai>ing 
between  the  ovum  so  enclosed  and  the  opposite  wall  of  the  follicle,  there  is  thus 
producfHi  the  follicular  cavity.  In  the  much  greater  expanMon  of  the  follicle 
whieh  accompanies  full  maturation  of  the  ovum,  it  is  mainly  by  the  aocamolation 
of  Huid  in  this  cavity  that  the  enlargement  is  produced. 

In  the  ovum  itnelf  changes  alw  take  place,  fint  of  all  by  some  inci«ase  of  site, 
which  however  remains  greatly  inferior  to  that  of  the  foEicle,  to  that  while 
the  follicle  may  attain  the  diameter  of  from  ^  to  J  of  an  inch,  the  ovum 
rarely  goes  beyond  JL  or  |J^  The  reticular  structure  of  the  protoplasm 
in  the  germinal  vesiolebeoomee  more  di.«tinct,  the  macula  well  defined,  the  yolk* 
protoplasm  proportionally  increased  in  size  and  exhibiting  yolk  corpuscles,  and  a 
zona  pellucida,  or  external  membrane,  gradnally  makes  its  appearance  externally » 
be^ng  probably  due  to  a  oondensation  of  the  outer  part  of  the  yolk-protoplasm. 

The  primordial  o^-um,  when  first  formed,  has  a  diameter  of  about  ^_tq  to  yj^'', 
and  its  germinxU  vehicle,  or  nucleus,  which  is  then  proportionally  large,  maybe 
about  j^^  of  an  inch  in  diameter.  When  the  gjanular  epithelium  has  become 
cylindrical,  and  the  ^ngle  ovum  enclosied  in  a  simple  Qraafian  follicle  begins  to 
■ink  more  deeply  into  the  ovarian  subetance.  its  diameter  is  nearly  doubled,  while 
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the  Graafinn  follicle  is  not  laxger  than  snfficient  to  oontaui  it  and  its  epitbeSiI 
covering.  As  the  ova  approach  matnrity  the  Graafian  follicle  expands  iifiiilj. 
both  bj  an  increase  of  its  finid  and  of  the  granular  cells,  while  the  oviun  recaaf 
of  comparatively  small  size. 


2.  The  Oenital  Passages. — ^The  existence  at  first  of  two  sets  of  tubes 
between  the  internal  productive  organs  and  the  external  parts  has  alre^j 
been  adverted  to  as  a  feature  common  to  both  sexes.  The  female  onr&L*; 
contrast  with  those  of  the  male  in  the  passages  of  the  first  being  formbi  b 
the  large  development  of  one  of  these  sets  of  tubes,  viz.,  the  MuUeriaa 
ducts,  and  in  the  abortive  disappearance  of  the  greater  part  of  the  otkri? 
Wolffian  ducts  ;  while  in  the  male  the  ducts  of  Mailer  suffer  in  a  grea: 
measure  the  abortive  retrogression,  and  the  seminal  conducting  tiib«  m 
produced  from  canals  formed  out  of  special  i>arts  of  the  Wolffian  ix^ 
and  the  whole  of  the  Wolffian  duct.  But  as  in  all  embryoes  of  whatevtr 
sex  both  sets  of  tubes  are  originally  present,  while  a  different  one  of  the 

Srimary  tubes  becomes  developed  into  the  respective  permanent  oc»i}- 
ucting  passages,  vestiges  of  tne  other  primary  tubes,  as  already  stai^ 
are  always  present  in  various  degrees  in  both  sexes. 
Tlie  Female  Passages. — In  the  female,  the  vagina,  uterus,  and 

Kg.  810. 


Fig.    810.— -DlAGRAX  OF  THB  FBXALl  TTTS  OP   SSXUAL   OROin. 

This  and  figure  813  represent  diagrammaticaUy  a  state  of  the  pAits  not  actoallj  rial^ 
at  one  time  ;  but  they  are  intended  to  illustrate  the  general  type  in  the  two  sexes,  ifi-i 
more  particularly  the  relation  of  the  two  conducting  tubes  to  the  developineBt  d  out^ 
the  natural  passage  in  either  sex,  and  to  the  usual  occurrence  of  Testiget  of  the  ctkr 
tube,  as  well  as  to  the  persistence  of  the  whole  or  parts  of  boUi  tubes  in  occascul 
instances  of  hermaphroditic  nature. 

8,  the  ureter  joining  the  urinary  bladder ;  4,  urinary  bladder  ;  5,  ui»^iii ;  o,  ^  -^^ 
ovary  nearly  in  the  place  of  its  original  formation  ;  pa,  paroTarium,  epoophoroo  d 
Waldeyer ;  W,  scattered  remains  of  Wolffian  tubes  near  it,  paroophoron  of  WaUefer : 
d  G,  remains  of  the  left  Wolffian  duct,  such  as  give  rise  to  the  duct  of  QaertDer,  repR- 
sented  by  dotted  lines  ;  that  of  the  right  side  cut  short  is  marked  w  ;  /,  the  abdonia*^ 
opening  of  the  left  Fallopian  tube  ;  u,  the  upper  part  of  the  body  of  the  ntenia,  still  pR^ 
senting  a  slight  appearance  of  division  into  comua  ;  the  FaUopian  tube  of  the  righi  iiii 
cut  short  is  marked  m  ;  g^  round  ligament,  corresponding  to  gabemacolom ;  t,  I<j>v«r 
part  of  the  intestine  ;  ra,  vagina ;  h,  situation  of  the  hymen  ;  C,  gland  of  Barckoia 
(Cowper's  gland),  and  immediately  above  it  the  urethra  ;  cc,  corpus  caTemosaai  diloniii ; 
f  e,  vascular  bulb  or  corpus  spongiosum.;  n,  nympha ;  I,  labium ;  %  vulrii. 
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Fallopian  tnbes,  are  formed  ont  of  the  Miillerian  ducts.  That  portion 
of  the  dncto  in  which  they  become  fbsed  tof^ether  is  developed  into  the 
rai^'na,  the  oenix,  and  part  of  the  body  of  the  iiteruB.  The  next 
foliuwing  part  of  the  Mallerian  duct,  constitutes  in  animala  with 
homed  uteris  the  coniu  of  the  uterus  ;  but  in  the  human  subject  it 

Fig.  81L 


Fig.  811. — FtMALi  QEjnTAL  ORoAHS  or  TEX  trtriiAK  tJOiBTO  or  TARES  MOiras 

irrrn  tre  ebxaI5s  or  the  woLTrtkut  mytts  (after  J,  MQlIer), 
a,  Th«  body  of  the  uteroii  notched  above  ;  ^  the  round  llgoiDCQt  ;  c,  tho  Pallopka 
tabw ;  d^  the  oTahet ;  e,  retnaina  of  tbe  Wolfllaii  bodtes, 

remaing  eomparatirely  short,  entering  into  the  formation  of  the  upper 
part  of  the  organ.  The  remaiuiug  upper  pt*rtion  of  the  Miillerian  duct 
constitutes  the  Fallopian  tube — tec^ming  ai  first  open  and  subsequently 
Mnged  at  a  short  distance  from  its  upper  extremity. 

Fig.  812. 


Fig.  812.— A0UI.T  OTAiTi  PAioTARTtnf  Ain>  rALLopiAir  TtBB  (from  F&rre,  ftfter 

Kabeli), 

a,  a,  EpoQphoron  (pciroTirium)  formed  from  tbe  tipper  part  of  the  Wolffian  bodj ; 
A,  remains  of  the  ii[>peniio«t  tubes  8omettmi»  formiog  hjdatids  ;  r,  middle  set  of  tubea  ; 
d,  Bome  lower  atrophied  tubea  ;  e»  atrophied  remains  of  the  Wolffiau  duct ;  /,  the  terminal 
bulb  or  hydatid  ;  A>  the  Palkpian  tube,  ongin&lly  the  duct  of  MUller  ,*  i^  lijrUaiid 
attached  to  the  extremity  j  ^  the  ovaiy. 


The  additiotiJil  or  accesaorj  fimbriae  and  openings  referred  to  bj  Henle 
in  hh  Hundbiich,  voL  ii..  p.  470,  may  admit  of  explanation  on  the  supposition  of 
the  doct  of  MiiUer  having  remained  opea  at  theee  places. 

In  the  human  embryo  of  the  third  month  the  utcms  is  tn'O'homed,  and  it  ia 
hy  a  sobseqnflnt  median  fusion  and  consolidation  that  the  trian^ilax  body  of  the 
&aim  organ  i&  prodnced.    The  comoa  uteri,  thei^ore,  of  the  human  utenu  oor> 
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respond  with  the  separate  oomna  of  the  divided  utems  in  animals,  and  this 
explains  the  occasional  malformation  consisting  in  the  greater  or  lew  diTision  of 
the  nterine  cavity  and  vagina  into  two  passages.  There  is  no  distinotion  in  the 
human  f oetns  in  the  third  and  fourth  month  between  the  vagina  and  utema.  In 
the  fifth  and  sixth  months  the  os  uteri  begins  to  be  formed,  and  the  neck  is  sob- 
tequently  graduallj  distinguished.  Thickening  succeeds  in  the  walls  of  the 
uterine  portion  ;  but  this  takes  place  first  in  the  cervix,  which  up  to  the  time  of 
birth  is  much  larger  and  thicker  tban  the  body  of  the  uterus  (Kolliker). 

In  the  meantime  the  Wolffian  bodies  undergo  a  partial  atrophy,  and  their 
ducts  become  more  or  less  obliterated  and  abortive  in  different  partsL  The 
most  constant  vestige  of  the  Wolffian  bodies  in  the  female  is  the  now  well- 
known  body  of  Rosenmiiller  (No.  277)  or  Parovarium  of  Kobelt  (Na  285) 
which  has  already  been  described  at  p.  720  of  this  volume,  the  epaopkifTom 
of  Waldeyer,  and  which,  being  produced  out  of  the  same  elements  as  the  epidi47- 
mis  of  the  male,  presents  a  remarkable  resemblance  to  that  body.  The  canal 
uniting  the  radiating  tubes  (coni  vasculosi)  of  this  organ  is  also  usually  pernatent, 
but  ceases  at  a  short  distance  below.  In  the  sow  and  several  mminanta,  how- 
ever, and  in  some  SimisB,  the  subdivided  upper  tubular  part  or  epoophoron  has 
disappeared,  and  the  main  tube  (middle  part  of  the  Wolffian  duct)  remains  as  the 
duct  of  Gaertner,  a  strong,  slightly  undulated  tube,  which  is  traceable,  first  free 
in  the  broad  ligament  of  the  uterus,  and  lower  down  becoming  incorporated  with 
the  wall  of  the  uterus  and  vagina,  upon  which  last  it  is  lost. 

The  Xalo  Passages. — The  conversion  of  the  Wolffian  dnct  into 
the  vas  deferens  of  the  testicle  was  first  demonstrated  in  animals  bj 


Fig.  818. 


Fii(.    813. — Dr^AOEAX    or 

THI      MALI      TTPB      or 
SKXUAL  OBOASa. 


Compare  with  fig.  810 
3,  ureter;  4,  nxiiiary 
bladder ;  5,  orachus  ;  t, 
testicle  in  the  place  of 
its  original  formation ;  «. 
caput  epididymis ;  ni, 
vas  deferens;  W,  scat- 
tered remaiDs  of  the  Wolf- 
fian  body,  constituting  tbe 
organ  of  Girald^  or  tlie 
paradidymis  of  Waldeyer ; 
V  A,  ras  aberrans ;  m, 
Miillerian  duct,  the  upper 
part  of  which  remains  as 
the  hydatid  of  Morgagni, 
the  lower  part,  repre- 
sented by  a  dotted  line 
descending  to  the  prv»> 
static  reside,  conatitutes 
the  occasionally  existing 
comu  and  tube  of  the 
uterus  masculinus  ;  <?; 
the  gubemaculnm ;  rt. 
the  resicula  seminalis  ;  p  r,  the  prostate  gland  ;  C,  Cowper's  gland  of  one  side ;  f  f, 
corpora  cavernosa  penis  cut  short;  9 p.  corpus  spongiosum  urethne  ;  s,  scrotom  ;  I. 
together  with  the  dotted  lines  above,  indicates  the  direction  in  which  the  testide  ani 
epididymis  change  place  in  their  descent  from  the  abdomen  into  the  scrotonL. 

Rathke  (No.  '^I^^PviTt  4^,  m  correction  of  the  m'cws  of  J.  Mfillcr  (Xo.  279\ 
and  was  fuTt\\eT  \^T0\^9L«^^*^xiJtoa.V^\s'^^r^^  284)  and  Bidder 

(No  282^  'KSVWYex  ^o^^^^'s^X*  ^^^'^^^^^'^^^^^'^^'^^ 
embryo,  and  thai  a  eommwv^^^x^^  ^\;^\>^^\fc\.'^^^^^  ^tssos^xs^ 


THE    MALE    PASSAGES. 


907 


of  the  testicle  (rete  testis)  and  some  of  the  upper  tubes  of  the  Wolffian 
body  gives  rise  to  the  epididjmis. 

In  the  male,  the  MCillerian  duct»  are  deetiiiecl  to  im^ei^  little  development  and 
are  of  no  physiological  imiwrtimce,  while  the  ducta  of  the  Wolffian  bo«Iici*,  and 
probablj-"  al?*o  some  i>art  of  their  glandular  BubstanocT  form  the  principal  part  of 
the  excretory  apparatus  of  the  testicle.  The  united  portion  of  the  Mcyierian 
ducts  remains  as  the  ves^icula  protstatiua,  which  aceording-ly  not  only  correspond* 
with  the  otenw,  as  was  shown  by  Weber  (No.  283),  but  likewise,  as  pointed  out  by 
Lenckart  (Ko.  2H8),  contains  qm  much  of  tlie  vagina  as  ia  represented  in  the  male. 
Ill  ftoir^e  animala  the  veaieula  prostatica  is  prolonged  into  oomnA  and  tnbes ; 
but  in  the  human  subject  the  whole  of  the  ununited  parts  of  the  Miillerian  duets 
disapfiear,  excepting,  as  suggeerted  by  Kobelt,  their  upper  eztremitieB,  which  seem 
to  be  the  source  of  the  hydatid  of  Morgagni  found  between  the  body  of  the 
testicle  and  upper  globe  of  the  epididymis.  The  excretory  duct  of  the  'Wolffian 
body,  from  the  base  of  that  body  to  iti!i  orifice^  is  converted  into  vaa  deferens 
and  ejaculatoiy  duct,  the  Tesici^a  scminalia  being  formed  as  a  dlrerticuluni 
from  its  lower  part  (WaWeyer). 

With  respect  to  the  formation  of  the  epididymis,  it  app^un  oertiun  that  the 
larger  convoluted  seminal  tube,  which  formn  the  main  part  and  globus  minor  of 
that  body^  arises  by  a  change  or  adaptation  of  that  part  of  the  Wolffian  duct 
which  runs  along  the  outer  side  of  the  organ*  The  vas  aberrana  or  vasa  aber- 
rantia  of  Haller  nppear  to  be  the  remainu  also,  in  a  more  highly  convoluted  form. 
of  one  or  more  of  the  tubes  of  the  WolfiSan  body  etEl  adhering  to  the  excretory 
duct  of  the  organ,  and  their  communication  with  the  main  tube  of  the  epidi- 
dymis receives  an  explanation  from  that  eircumiJtance.  As  to  th6  coni  vasculoai 
in  the  upper  part  of  the  epidldymin,  it  has  been  customary  to  regard  tliem  as 
pni>duc<xl  by  a  transformation  of  some  of  the  tubes  in  the  upper  part  of  the 
Wolffian  body,  according  to  the  views  most  fully  given  by  Kobelt ;  but,  from  more 
recent  obBervationa,  Banks  haa  described  the  origin  of  the  coni  vaw:ulotti  as  more 
probably  due  to  a  process  of  development  occurring  in  a  new  structure  or  mass  of 
blastema  which  had  been  previously  obsFrved  by  CI  eland,  and  which  is  formed  in 
oonnection  with  the  upper  port  of  the  Wolffian  body,  and  close  to  the  Miillerian 
duct ;  while  KoUiker  holda  that  sufficient  evidence  has  not  yet  l>een  adduced  in 
favour  of  thiB  view. 

The  coni  vasculosi,  becoming  convoluted,  are  connected  with  the  body  of  the 
t^ide  by  means  of  a  short  straight  cord,  which  is  alterwanis  uubdiWded  into  the 
k  eSerentia.    The  peritoneal  elevation  descending  from  the  testis  towards  the 


Fig,  811. 


Fig.  814. — VllW     FHOM     BEFORS    Of 
THE    Al>tJLT    TESTtS    AKn    tPlDIDT* 

11X8  (from  Parre,  after  KdIh^U). 

a,  a,  convoluted  tabes  in  the  head 
ol  the  epididymis  developed  from 
the  upper  part  of  the  Wolffian  borly  ; 
h  and/^  hydatids  in  the  head  of  the 
epididymis  ;  f*,  coni  vaiu:tiIoBi ;  </, 
Tsaa  aberrantia  ;  h,  rcmnlns  of  the 
duct  of  Muller  with  t,  the  iiydutid  of 
Jiotgagai  at  its  upper  ead ;  f,  body 
of  the  tetiis^ 


lower  extremity  of  the  Wolffian 
body,  ia  the  upper  port  of  the  plica 
gubematrix,  and  becomes  short- 
ened as  the  tejsticle  descend*  to  meet 

tlie  lower  end  of  the  epididymis ;  the  peritoneal  eletraticm  which  puses  down  Into 
Ihe  scrotum,  and  is  continuous  with  the  first,  is  the  moie  important  part  of  the 
plica  gubematrix,  connected  with  the  guberaaculum  testis.  The  spermatic 
ftrtex;  is  originally  a  branch  of  one  of  those  whiqh  go  to  the  Wolffian  body,  and 
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ascend  from  the  snifaoe  of  the  WolfSan  body  to  the  upper  ptzt  of  fheMi 
along  the  ligaments  connecting  them  ;  but,  as  the  testis  deaoendB^theingyiia 
entirely  above  it,  the  secreting  sabstance  of  the  Wolffian  body  remaiziis;  id- 
herent  to  it ;  and  hence  it  is  that  the  orgwLD.  of  Giraldds,  which  oonssti  of  ps- 
sistent  WolfBan  tubules,  is  found  in  a  poeltiozi  enperior  to  the  epidid jim  (Bnkik 
No.  290). 

The  Descent  of  the  Testicles. — ^The  testicles,  which  are  originalljBtaitediB 
the  abdominal  cavity,  paes  down  into  the  acrotuin  before  birth.  Hie  tefldc 
enters  the  internal  inguinal  ring  in  the  seventh  month  of  foetal  li& :  by  these 
of  the  eighth  month  it  has  usually  descended  into  the  scrotum,  and,  t  shoittis 
before  birth,  the  narrow  neck  of  the  peritoneal  ponch,  by  which  it  jsvnadi 
communicated  with  the  general  peritoneal  cavity,  generally  becomes  doseisi 
the  process  of  peritoneum,  now  entirely  shnt  off  &om  the  abdominal  csyitj.  tesiiai 
as  a  separate  serous  sac.  The  peritoneal  pooch,  or  processus  vaginalis,  vtici 
passes  down  into  the  scrotum,  precedes  the  testis  by  some  time  in  its  desooi 
and  into  its  posterior  part  there  projects  a  considerable  columnar  eknaoL 
There  is  likewise  a  fibrous  structure  attached  inf  eriorly  to  the  lower  put  of  ta 
scrotum,  and  surrounding  the  peritoneal  poach  above,  which  may  be  diso 
guiahed  as  the  guhemacular  cord,  both  this  and  the  plica  gnbenatrix  bof 
included  in  the  general  term  gitbernaculum  testis  QJ,  Hunter,  No.  276).  Hie  fste 
nacular  cord  consists  of  fibres  which  pass  downwards  from  the  sab-pecttooed  &«■ 
others  which  pass  upwards  from  the  superficial  fascia  and  integument,  and  ote 
again  which  pass  both  upwards  and  downwazds  from  the  internal  obliiiiie  sMi 
imd  the  aponeurosis  of  the  external  obliqae  ;  it  exhibits,  therefore,  a  fnaoB  i 
the  layers  of  the  abdominal  waU.  Superiorly,  it  surrounds  the  piuceMns  ngi 
naUs,  without  penetrating  the  plica  gubematrix  ;  and  the  prooessos  nginaft 
as  it  g^ws,  pushes  its  way  down  througph  the  gnbemacular  cord  and  di^ienesi 
fibres.  By  the  time  that  the  testis  enters  the  internal  abdominal  ring,  the  pi 
oessus  vaginalis  has  reached  a  considerable  way  into  the  scrotum ;  and,  as  Ai 
testis  follows,  the  plica  gubematrix  becomes  shorter,  till  it  at  last  difpf* 
but  it  cannot  be  said  that  the  shortening  of  the  plica  is  the  cause  of  tlie  desoei 
of  the  testicle,  and  much  less  that  (as  has  been  held  by  some)  the  mascali 
fibres  of  the  gubemacular  cord  are  the  agpents  which  effect  this  change  of  pM 
tion.  The  arched  fibres  of  the  cremaster  mnscle  make  their  appeaaaoe  fl 
the  surface  of  the  processus  vaginalis  as  it  descends,  while  its  other  fOam  0 
those  which  descend  in  the  gubemacular  cord.     (See  Cleland,  Xa  289). 

8.  The  Sxtemal  Orgaas. — ^In  the  hnman  embryo,  as  before  t^ 
with  respect  to  animals,  the  external  org^ans  are  np  to  a  certain  time 
entirely  of  the  same  form  in  both  sexes  ;  and  the  seyeral  organs  vbiii 
afterwards  distmgoish  the  male  and  female  externally  take  their  oiifB 
respectively  from  common  masses  of  blastema  of  precisely  similar  stroctiDe 
and  connections.  The  common  cloaca  exists  till  after  the  fifth  vkL 
and  the  genital  eminence  from  which  the  clitoris  or  perns  is  i(snid 
makes  its  appearance  in  the  course  of  the  fifth  and  sixth  weeks  in  bt^ 
of  and  within  the  common  orifice.  In  the  course  of  the  seventh  laA 
eighth  weeks  the  common  orifice  is  seen  to  become  divided  into  two  pirQ> 
viz.,  the  longer  slit  of  the  genito-urinary  apertore  anteriorly,  and  the  D*^ 
rower  and  more  rounded  anal  aperture  posteriorly  :  bat  the  exact  Bi»^ 
ner  in  which  the  separation  of  these  two  apertures  takes  place  has  not  y« 
been  accurately  traced.  This  process  is  intimately  connected  with  ik 
formation  of  the  urogenital  cord  as  an  independent  stracture,  and  » 
probably  mainly  effected  by  the  advance  from  the  sides  and  posteric-r^ 
of  septal  bands  which  divide  the  cloaca  into  a  dorsal  or  anal  and  > 
ventral  or  urogenital  part.  Somewhat  later,  or  in  the  ninth  and  tdsi 
weeks,  a  transverse  int^umental  band  completes  the  division  bec«^ 
the  anal  and  the  nrogenital  orifices,  which  rand  forms  the  whole  of  the 
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BO-called  perineum  of  the  female,  and  the  part  of  the  perineal  integu- 
ment in  the  male  which  is  situated  behind  tne  scrotum;  the  raph^  being 
most  obvious  in  the  male  sex. 

Two  apertures  are  now  seen  to  occupy  the  perineal  region.  Of  these  the 
doxsal  one  or  anus  is  of  a  rounded  form  and  smaU  size,  and  is  surrounded 
by  a  smaU  circular  integxunental  ridge ;  the  anterior  or  urogenital  aperture 
forms  a  narrow  vertical  slit  wider  behind  than  before,  and  running  forward 
into  the  rudiment  of  the  penis,  or  clitoris. 

The  weU  marked  eminence  in  the  integument  which  forms  this  rudiment,  at 
first  indifferent  in  the  two  sexes,  is  surrounded  by  a  deep  circular  fold  of  the 
integument  which  encompasses  its  base,  and  which  in  the  separate  condition  is 
the  foundation  of  the  mons  veneris  and  hibia  majora  in  the  female,  and  when 


Fig.  816.— DlVELOPlllHT    OF    THl    EX-  Fig.    815. 

TKR5AL  SEXUAL   GROANS   15   THE   MALE 
AND  rEXALE    FROM    THE    INDIFFERENT 

TYPE  (from  Ecker). 

A,  the  external  sexual  organs  in  an 
embryo  of  about  nine  weeks,  in  which 
external  sexual  distinction  is  not  yet  es- 
tablished, and  the  cloaca  still  exists  ;  B, 
the  same  in  an  embryo  somewhat  more 
advanced,  and  in  which,  without  marked 
saxoal  distinction,  the  anns  is  now  sepa* 
rated  from  the  uro-genital  aperture  ;  C, 
the  same  in  an  embryo  of  about  ten  weeks, 
showing  the  female  type ;  D,  the  same 
in  a  male  embryo  somewhat  more  ad- 
vanced. Throughout  the  figures  the 
following  indications  are  employed ;  joc, 
oommon  blastema  of  penis  or  clitoris; 
to  the  right  of  these  letters  in  A,  the 
umbilical  cord  ;  />,  penis  ;  e,  clitoris ;  d, 
doaca ;  vg,  urogenital  opening ;  a,  anus  ; 

1$,  cutaneous  eleration  which  becomes  labium  or  scrotum  ;  I,  labium ;  »,  scretom  ;  eo, 
caudal  or  coccygeal  elcTation. 

united  by  median  fusion,  of  the  scrotum  in  the  male.  The  lipe  of  the  urogenital 
furrow,  which  in  the  female  are  converted  into  the  nymphao,  and  in  the  male 
unite  as  integument  below  the  penis,  are  both  at  first  precisely  the  same  in  all 
embryoes.  In  the  open  condition,  which  continues  until  the  eleventh  or  twelfth 
week,  the  parts  appear  alike  in  both  sexes,  and  resemble  very  much  the  more 
advanced  female  organs.  The  rudiments  of  Bartholin  s  or  Corrper't  glands  are. 
it  is  said,  seen  at  an  early  period,  near  the  root  of  the  rudimentary  clitoris  or 
penis,  on  each  side  of  the  genito-urinary  passage. 

In  the  female,  the  two  external  folds  of  integument  enlarge,  so  as  to  cover  the 
clitoris  as  the  labia  majora.  The  clitoris  itself  remains  relatively  smaller,  and  the 
groove  on  its  under  surface  becomes  less  and  less  marked,  owing  to  the  opening 
out,  and  subsequent  extension  backwards,  of  its  margins  to  form  the  nymphie. 
The  vascular  bulbs,  sunk  more  deeply  in  the  tissues,  remain  distinct  and  separate, 
except  at  one  point  where  they  run  together  in  the  glans  clitoridis.  The 
hymen  begins  to  appear  about  the  fifth  month  as  a  fold  of  the  lining  mem* 
brane  at  the  opening  of  the  genital  passage  into  the  urogenital  sinus.  Within 
the  vestibule,  which  is  the  shortened  but  widened  remains  of  the  urogenital 
sinus,  the  urethral  orifice  is  seen,  the  urethra  itself  undergoing  considerable 
elongation. 

In  the  male,  on  the  contrary,  the  penU  continues  to  enlarge,  and  the  max^i^eDfl^ 
of  the  groove  along  its  under  surface  gradually  xmite  ttom  t\ift  "^TvmKXxse  "^ai^Jiiix^^ 
oii&oe  behind,  as  far  forwards  as  the  glans,  so  aa  to  compU^  ^"ft  Vsuk%  '^^^'^lI?^ 
the  male  urethra,  which  is  tbentore  a  proUmgatioa  ot  tbe  ^QCto|S^Ti\\»2L  i&d^a.  *v>d^ 
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is  accomplished  about  the  fifteenth  week.  When  this  nnion  TemaisB  isoaB^Iflki, 
the  abnormal  condition  named  hypospadias  is  produced.  In  the  meanfiac  dbi 
prepuce  is  formed,  and,  moreoyer,  the  lateral  cutaneoos  folds  also  imi(e  te 
behind  forwards,  along  the  middle  line  or  raphe,  and  thns  complete  the  «T«nL 
into  which  the  testicles  descend  in  the  oouise  of  the  eighth  month  of  Isai 
life,  as  before  described. 

The  corpora  cavernosa,  which  are  at  first  separate,  become  imited  121  the 
distal  portions  in  both  sexes  ;  but  the  corpus  spong^oemn  urethne  whidi  if  al^ 
originally  divided  in  all  embryoes,  and  in  the  female  remains  so  in  the  giwsff 
part  of  its  extent,  becomes  enlarged  in  the  male  in  the  glans  penis,  and  it;  x^ 
parts  united  mesially  both  above  and  below  the  urethra,  so  as  to  enclose  the  wb&i 
of  that  tube  from  the  bulb  forwards  to  the  glans. 

TYFX    OF     DXVXIiOPMKNT    Ain>    ABNORMAZj     FOBM& 

The  type  of  development  in  the  several  parts  of  the  genital  organs  xnaj  ^ 
stated  to  differ  in  the  two  sexes  as  follows,  viz. : — 

Ist.  In  the  external  organs  it  is  single  and  homologieal.  2nd.  In  the  nuddk 
organs  or  passages  it  is  double  and  heterologicaL  3rd.  In  the  producdTe  orfie 
it  is  single  and  homological  as  regards  the  productive  elements,  but  with  not 
difference  of  the  sources  from  which  the  containing  capsules  of  the  ovaiy  or  tabs 
of  the  testicle  are  respectively  derived.  This  is  illostzated  by  the  table  placed  « 
p.  911. 

Aooordingly  the  cong^enital  malformations  of  the  reprodnctiye  organs  admit  oJ 
being  distributed  under  the  following  divisions : — 

Ist.  Abnormal  forms  attributable  to  variations  in  the  development  of  one  a 
more  of  the  external  organs  in  either  sex,  producing  an  approach  to  the  fon 
of  the  other  sex. 

2nd.  Forms  referrible  to  variations  in  the  deveXopment  of  the  WoUBan  a 
Miillerian  ducts,  so  as  to  lead  to  the  greater  or  less  predominance  of  sexnl 
characters  in  a  part  or  the  whole  of  either  of  these  passages  inconsiBtent  witk 
those  prevailing  in  other  parts  of  the  system,  or  to  the  coexistence  of  both  seti  of 
passages  in  whole  or  in  part. 

3rd.  Extremely  rare  forms  referrible  to  the  possible  coexistence  of  the  jsxAat- 
tive  parts  of  testicles  and  ovaries  in  the  same  individual,  which  may  be  oombsDei 
with  more  or  less  of  the  f (Mr^foing  kinds  of  malformation. 

As  an  example  of  this  last  form  referenoe  may  be  made  to  the  case  dennbed 
by  Heppner,  of  St.  Petersburg,  in  which  microscopic  examination  showed  the 
presence  of  small  ova  in  Graafian  follicles  in  the  one  pair  of  bodies  and  of  aeoi- 
nif  erous  tubes  and  spermatio  cells  in  the  other.    (No.  3S4.) 

Upon  the  subject  of  Hermaphroditism  consult  Simpeon  (No.  333)i 

MAUOBICATIONB  IH  aSNXRAU 

In  the  preceding  pages  we  have  frequently  had  occasion  to  refer  to  the  rela- 
tion subsisting  between  the  natural  development  of  organs  and  their  abnanBiI 
conditions  or  malformations.  There  can  be  no  doubt  that  a  considerable  nimber 
of  congenital  malformations,  more  especially  thoee  of  the  nature  of  i(f«(, 
whether  by  non-formation  or  deficient  growth  of  the  parts  in  which  they  oocc. 
or  by  want  of  union  between  those  which  naturaUj  fuse  together,  as 'wefl « 
many  abnormal  conditions  depending  on  misplacement  and  altered  form  acd 
structure,  may  be  attributed  in  some  measure  to  an  arrest  of  the  proceaK^ 
development,  or  a  variation  in  some  part  of  it,  in  the  earlier  stages  of  embiyoaac 
life.,  and  may  therefore  receive  much  illustration  from  the  study  of  the  naosi^ 
process  of  formation.  But  comparatively  little  light  has  yet  been  thrown  br  thi* 
study  upon  the  origin  of  that  large  class  of  malformations  in  which  there  » 
redundance  of  parts,  either  by  more  or  less  complete  duplicity  of  the  whde  bo^y 
or  by  an  increase  in  the  number  of  individual  parts.  At  the  same  tim*  it » 
obvious  that,  since  in  these  as  in  all  other  malformations  the  histological  v^ 
morphological  processes  of  development  do  not  differ  eesentaally  in  thdr  natoit 
from  the  natural  ones,  but  are  only  modifications  and  variations  of  theoL  tbi 
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knowledge  of  the  trae  natiire  of  the  abnormal  strnctnres  must  follow  closely 
upon  our  acquaintance  with  the  natural  processes  of  deyelopment. 

Upon  this  extenaive  subject,  which  does  not  come  within  the  scope  of  this  work, 
the  reader  is  referred  to  the  masterly  Essay  of  Bischoff  (No.  312),  and  other 
treatises  quoted  in  the  Bibliography  at  p.  918. 

Tabular  scheme  of  the  CoHBESPONDiNa  Paets  of  the  genito-urinary 
organs  in  the  two  sexes,  and  of  their  relation  to  their  Embeyonal 
Elements: — 

Adult  Femali.  Embrtoval.  Adult  M^Lii 

Z.-OZBMINAZ<  BZDOX. 

Ova.  1.  Genn-«pithellam  8p«xmatie  mUi. 

fltrona  of  the  ortry  and  Qn^   2.  Deeper  blMteuui  with  Wulf-    8«aiiiud  tabtti 
aflmn  folUcles.  flan  itroma. 

XL— MUZiIiBBIAN  DnOT& 
(Bncto  of  Pronephroa.) 

IlaiMafttd  Falloplaa  opaniiif  and    1.  Anterior  extremity  Hydatid  of  XatfafaL 

occasional  hydatida. 

f  aUapiaa  tnbaa  2.  Middle  part Tubea    extending    fkom    the 

uteroa  maecnlinna. 
Tagiaa  tad  vtma 8.  Posterior  aingle  part  Vtama  wasenliima  or  yeatatto 


ZIL-WOI«FFIAH  B0DZS8  <MB80MXFHBOBX 

Smaller    tubes    of   enoopliona,    1.  Anterior  segmental  tabea.       Vaaa  effwiotla  and  eoni  fas- 
Organ  of  BosenmUUer  (Paro>  culoai  of  the  epididymia. 
rariam.) 

VarMsharea  (Wald.) 2.  Posterior  segmental  tabes...    Pandidymla  (Wald.),  organ  of 

Oinddta.  and  vaaa  abenantta. 

SflVBdUgaiMBtsf thautania....    8.  Lipment  of   the  Wolffian    Otibsniawiiinn tsatJSi 

T7.-W0I«1TIAN  DUOTB. 

Main  Tnbe  of  the  Epoophoron  ...    1.  Anterior  and  middle  parts ...    Convoluted  tube  of  tha  wgUMf^ 

mia. 

IhMla  sf  Oaartnar,  of  some  anl-    1  Posterior  part Vaa    dafsnoa    and    Tfiieate 

mala.  aeminalea. 

V.~SIXTAinBFHBO& 

Kidaay  1.  Tubular  portion Kidney. 

Vrslsr S.  Duct Vrtter. 

Vl— OSMITAZi    OOBD    AND   8IMU8   nROOSMXTAZ«X8. 

Tisane  uniting  female  urethra  and    1.  Substance  surrounding  geni-    Prostate  glaad. 
▼aglna.  tal  cord. 

fsnaUvethra  S.  Urinary  pedicle.  Proatatis    psitiaa  of 

above  '  *        "* 

OativB  vagins.    Hymen 8.  Confluence  of  genital  with 

urinary  parta. 

▼aatlhala 4.  liowcrpart.. liower  prsalatia  and 

nooa  part  of  ursthia. 
BarUieUa'a  Olanda 6.  Common  blastema CowperaOIaada. 

VIL— ZXTZRMAZi   OBaAMB. 

l.-^Vcucklar  parU. 

Orara  and  eanma  elitoridia a.  Corpora  caremosa   Orara  and  scvpas  ysaia. 

OkaaelitoridiaandTaaoularbulba    5.  Corpora  spongiosa  Olaaa  psaia  and  spoogj  bo|y. 

1— /atfTwnenlaZ  parti. 

Pfswitium  olitoridia  a.  On  genital  eminence    Pieuutium  fits 

Folds  of  nymphA   6.  Liiw  of  genital  ridges  BasM  bclcm  v^^Va. 

Xeoa  Teatfia  and  labia  minora  ...  c.  Cutaneous  wall  'Pxwia  tmNiMmma  %sA  jwm^jwai 

Pariasnm  of  feiuaJe,H-Jt2j  m/ih^...  d.  TransTema  aao-ganiia\  Xjaud  'PwAamenL    o\     inaX^    v^^i^a^ 


912  BIBLIOGRAPHY. 


BIBLIOGRAPHY. 

0«n«na  Works  on  Development.— [1.]  Hier.  FabrteiuM,  (L)  Defonntoliii 
P^ua,  1600 ;  (ii.)  De  foimatione  OTi  et  pnlli,  1621.  [2.]  WUliam  ffanty.  (l)  ha 
citationes  de  Gkneratione  AnimaliniD,  Amst  1651  ;  (u.)  In  English,  Land.  165S.  [1] 
Mare.  Malpighi.  (i. )  De  form&tione  puUi,  1672 ;  (u. )  De  Oro  incnbeto,  16S1  (ded.  to  Bac. 
Soc) ;  and  in  Op.  Omn.  Lond.  1686.  [4.]  JFalUr  Needham,  De  formato  fcrto.  Lood.  16«7. 
[6.  J  Begner  De  Qraaf.  De  Mnlienun  organis  generationi  inserr. ,  ftc  Leid.  1 672.  [6.]  M 
^mm^rdam,  Works,  1672— 1685.  {1,1  Ani.VaUitfnerL  IstoriadeUaGotenzkBetir 
Uomo  e  degli  Animali,  &c  Venezia,  1721.  [8.]  Albert  HalUr,  (i.)  ElemoiU  Pkjat- 
logiflB,  YoL  YIII.,  1765—6  ;  (ii.)  Deux  M6m.  sur  la  formation  da  poalet,&e.  Taienr, 
1758 ;  (iii.)  Sur  la  form,  des  os,  1758  ;  (iv.)  In  Opera  Minora,  Vo].  IL,  1761  [9.] 
Cam,  Fr,  Wolff,  (L)  TUtoria  Generationis.  Beiiin,  1759.  In  German,  BeriiB,1764; 
in  Latin,  Halle,  1 774 ;  (ii.)  On  tlie  Derelopment  of  the  Intestine,  in  Nor.  GoanaL 
Acad.  Petropol.  1768—9.  In  German  by  J.  F.  Meckel,  1812.  [lO.]  Ckrid.  P^nAr. 
(L)  Diss.  Inaog.  Hist.  Metamorph.  q.  ovum  incnbat.  qainqne  diebas  sobit.  ¥uniiB;( 
1817  ;  (ii)  Beitr.  z.  Entwick'g.  des  HObnchens  im  EL  W&zzbaig;  1817.  [11.]  Primd 
and  Dumas,  Several  Memoirs  on  the  (feneration  of  V^^mm^u^  Birds,  and  Bateeiaii 
Ann.  des  Sc.  Nat.  182i-6.  [12.]  CaH  Em,  v.  Boer,  (i.)  In  Bnniadi's  PkjBoL  TdL 
IL,  1828  ;  (iL)  Beobacht.  n.  Reflex,  u.  d.  Entwick'g.  der  Thiere.  Konipbcxjt  18SS- 
87.  [13.]  a  F,  Burdock,  Die  Physiologie,  &c  Vol.  IL  Leipng,  1828.  [14.]  Awr. 
Ratiie.  (L)  Abhandl.  s.  Bild.  a.  Bntwick'g.  des  Menschen  n.  der  Thiere.  Laptjg^  IStt; 
CiL)  Bntwick'g.  der  Natter.  Kdnigsberg,  1889  ;  (iii.)  Bntwick'g.  der  SchildkrStei.  Ba» 
lehweig,  1848 ;  iyr,)  Lehibach  der  Vogieich.  Bmhtyologie^  1861.  [15.]  /a!  UiSff, 
(i.)  Handbvch  der  Fhysiologie  des  Menschen,  ftc  GoUenx,  1834,  €t  mq,  ;  (iL)  T^mb- 
Uon  into  English  by  Baly.  Lond.  1841—2 ;  and  (iiL)  Supplement,  1848.  ^6.1  & 
Falenltii.  Handboch  der  Bntwick'g.  des  MenM:hen,  Ace.  Berlin,  1835l  [17.]  ML 
Wagner,  (i.)  Lehzbnch  der  spesiellen  Pbysiologie,  1st  part ;  Zeogong  n.  Aitwi^einf. 
Leipsig,  1888  ;  (ii)  Translated  by  Willis,  Lond.  1846 ;  (iii.)  In  Otto  Fanke's  Lebteck 
der  Pbysiologie.  Leiptig,  1857 ;  (It.)  loones  PhysiologicaB.  1839.  [18.]  K,  B,  SnAat, 
Das  Bntwickelnngsleben  im  Wirbelthierreich.  Beriin,  1840.  [19.  J  Mariim  Bmrr§,  !•• 
•saiehes  in  Embryology.  Ist,  2nd,  and  3rd  series,  in  FhiL  Trans.,  1839 — 10.  [90.] 
U.  F.  Hautmann,  Ub.  d.  Zengung^  kc.  bei  den  S&ngethiezen  nnd  MenKhee.  flaaaivv; 
1840.  [21.]  Tkiod,  L,  W,  v,  Bitcheff.  (L)  Bntwick'g.  der  SangeUueie  sad  te 
Mensehen  (in  Soemmerring's  Anat.)  Leipsig,  1842;  (ii)  Bntwick'g.  des Kania^ea-fia. 
Bteanaehweig,  1842  ;  (uL)  Bntwick'g.  des  Honde-BieB,  1845  ;  (ir.)  Batwi^'g.  te 
Mesnehweinchens.  Giessen,  1852;  (t.)  Bntwick'g.  des  Behes.  Giesaen,  1854;  (vi) 
Hist  kzil  Bemerk.  s.  d.  nenesten  IfittheiL  n.  d.  Erste  Bntwiekelong  der  SiagetyeR. 
Man.  1877.  [22.]  Catte,  (L)  Recherches  sur  la  G^^ration  des  MammifinB,  Ac  PtaB, 
1884  ;  (ii.)  Oonrs  d'Bmbryogdnie  Comparfe.  Pkris,  1837  ;  (iiL)  Hist,  g^  et  paiticaL 
da  IMreloppement  des  Animaox.  Puis,  1847—59.  [23.1  BrdL  Die  Batvi^  40 
Menschen  n.  d.  Hiknchens  im  H.  Leipxig,  1846.  [24.]  L.  Agaanz,  (L)  Ti^n 
Lectaies  on  Comparative  Embryology.  Boston,  1849 ;  (iL)  Z.  AgmtBu  mmd  A  A 
OauUL  Oatlines  of  Compar.  PbysioL,  byThos.  Wright,  M.D.  London,  1851.  HSS.]  A 
Xewtak,   Untersnch.  nb.  d.  Bntwiekelong  der  WirbeHhiere.    Beriin,  1851^4.     [86.J  A 

Eeier,  leones  Pbysiologics  (Tab.  XXY.  to  XXXI.).   Leipsig,  1851 59.     [27.]  /.  1 

Langei.  Trait* de  Pbysiologie,  Vol  IL  Pteis,  1860.  [27*.]  LertbaulUt,  BecL  d'ot- 
bryoL  oomp.  (Tront,  lizard  &  Ljmnens),  in  Ann.  d.  8c.  Nat.  Tola.  xTi.-xx.  1861—1 
[28.]  Albert  V,  KnUiker,  (i.)  Bntwick'g.  des  Menschen  a.  d.  hoheren  Thieie.  Leipdg,  1S61: 
second  edition,  1876 — 79 ;  (ii.)  Gnmdriss  der  Bntwick'g.,  &c.  Leipcig,  1880.  [29-] 
W,  Bis,  (i.)  Untersnch.  Ub.  d.  Erste  Anlage  des  Wirbelthier^leibes.  Leipsig,  1S6S ;  tii.) 
Unsere  KSrperfonn,  kc.  Leipng,  1875.  [30.]  M,  Foster  and  P,  i/l  Baifowr,  IVt 
Elements  of  Embryology.  Part  I.  Tbe  Chick.  London,  1874.  ^1.]  F,  M.  Balf<mr.  \Vi 
A  Monograph  on  Uie  Development  of  Blasmobranch  Fishes.  London,  1878.  PKrisn?! 
published  in  Jonm.  of  Anat.  and  Pbysiol.,  1876-8.  [82.]  J*.  M,  Bal/attr,  A  Twitisi 
on  (Comparative  Embryology.  2  vols.  London,  1880-1.  [9(3.]  5.  L,  SdkeuL  Lebrtei 
der  Tcrgleich.  Embryologie.  Vienna,  1874.  [34.]  A,  S.  P.  Packard,  Lif e  Histonei  §< 
Animals ;  or,  Ontlines  of  Comparative  Embryology.  New  York,  1876L  [35.]  8,  Stridsr. 
Manoal  of  Hnman  and  Comparative  Histology.  TruuL  from  tke  Gemian  br  H.  fw. 
3  Tola.    London,  1870— 73. 


BIBLIOGRAPHY.  91S 

Works  on  the  General  Belations  of  Embryology.— [36.]  Victor  Caru9. 
System  der  thtcr.  Morphologic.  Leipzig,  1853.  [37.]  R.Owen.  On  the  Anatomy  of 
Vertebrates.  3  vols.  1866.  [38.]  Th,  JIuxley.  (i. )  Lectures  on  Comparatire  Anatomy. 
London,  1864 ;  (ii.)  Manual  of  ComparatiTO  Anatomy :  Vertebrates.  1871.  [80.] 
Oegtvbaur.  Comparative  Anatomy.  Transld.  by  F.  J.  BelL  London,  1878.  [40.]  C. 
JJarwin,  The  Descent  of  Man,  1871,  and  other  Works.  [41.]  Ernst  Haeckd,  (i.)  Anthro- 
Ijogenie  oder  Entwick'g.  dcs  McDschen.  Leipzig,  1874  ;  (ii.)  Schopfungs'g.,  &c.  Tians. 
in  Gen.  Hist,  of  Creation.  London,  1876.  [42.]  R,  Leuckai't.  Article  "Zengung," 
in  Kud.  Wagner's  Handwort.  der  PhysioL,  Vol.  IV.  Braunschweig,  1853.  [43.]  C. 
iiemper.  Die  Stammwerwandschaft.  d.  Wirbelthiere  u.  Wirbelldsen,  in  Arb.  Zool.  Zoot. 
Inst.  Warzh.  1875.  1.44. J  £.  R.  Lanketter,  Notes  on  Embryology  and  Classification. 
London,  1877.  1.46.1  E.  A.  Schdftr,  Some  Teachings  of  Development,  in  Quart  J. 
Microac.  Sc.  1880.  [46. J  v.  Henten.  Article  **Zeugung."  in  Hermann*s  Handbuch 
der  Physiol.  Leipzig,  1881.  [47.J  Otcar  Htrtwig  and  R,  Htrtwig,  Die  Coelomtheorie 
Jena,  1881. 

The  Ovarian  Ovum: — [48.]  7.  E,  Purkinje.  (i.)  Symb.ad  Ovi  hist,  ante  incube- 
tionem.  Leipzig,  1825,  and  repubd.  Leipzig,  1830;  (ii.)  Article  ''£i.*'  in  Encyclop.  Wor- 
tcrbucb,  Berlin,  1834.  [49.]  C.  E.  v.  Boer,  EpistoU  de  Ovi  Mammal,  et  hominis  genesi. 
Leipzig,  1827.  [60.]  CosU.  (I)  In  Comptes  lendus.  1833;  (il)  Rech.  sur  la  G^n^r. 
des Mammif^res.  Paris,  1834.  [61.]  Thomas  W,  Jonet.  (i.)  In  Phil  Trans.  1835  ;  (il) 
Beport  on  the  Ovum  of  Man  and  the  Mammifera,  &c.,  in  Medico-Chimrg.  Review,  1843. 
r62.]  Rud.  Wagner,  (i.)  Lehrb.  der  vergleich.  Anat.  1834—5 ;  (ii.)  In  Mttller's  Arch. 
}8d5,  p.  373;  (iii.)  Prodromus  historiao  Generationis,  &c  Leipzig,  1836.  (iv.)  In 
Denkschr.  Havar.  Acad.  1837  ;  (v.)  Article  "EL"  in  Ersch  and  Qmber's  Encyclopsd. 
Wttrterbuch.  [63.]  AUen  Thomson,  Article  "  Ovum,"  in  Todd*a  Cyclop.  Anat.  and 
Pbysiol.  1852—56.  [54.]  Gegcnhaur,  Ban  u.  Entwick.  d.  Wirbelthiereier,  &&,  in 
Mailer's  Arch.  1861.  [65.]  Pfliiger,  Die  Eierstocke  d.  Siiugethiere  u.  d.  Menschen. 
LeijDsig,  1863.  [56*.]  W,  HU  (Mammalian  Ovary).  In  Arch.  f.  mikrosk.  Anat,  1865. 
[66.]  Cramer.  Beitr.  z.  Kcnntn.  d.  Bedeut.  u.  Entwick.  des  Vogeleies.  Wiinbuig, 
1868.  [57.]  Edw.  van  Beneden.  Mem.  Cour.  Bech.  s.  1.  Composition  et  la  Significa- 
tion do  rOeuf,  in  M6m.  Belg.  Acad.  1868—70.  [68.]  W.  Waldeyer,  Eierstocku.  Eie. 
Leipzig,  1870.  [69.]  IftA.  Ludwig,  Ub.  d.  Eibildung  im  Thierreich,  in  Arbeit.  Zool. 
Zoot  Inst  WQrzburg.  1874.  [60.1  T,  OeUacher.  Beitr.  z.  Gesch.  der  Keimblase,  in 
Arch.  f.  mikrosk.  Anat  1872.  [61.]  /.  FoulU,  (i.)  On  the  Devel.  of  the  Ova  and 
Struct  of  the  Ovary  in  Man  and  other  Mammalia,  in  Trans.  R.  S.  Edin.  1876 ;  (ii.)  In 
Qa.  J.  Micr.  So.  1876;  (iii.)  In  Joum.  Anat  and  Physiol.  1878—9.  [62.]  F.  M. 
BdJfaur.  Struct  and  Devel.  of  Vertebrate  Ovary,  in  Quart  J.  Microsc.  Sc.  1878.  [62*.] 
SchU/er^  Immature  Ovarian  Ovum,  &c  in  Proc  Roy.  Soc.  1880.  [63.1  JSitr.  ton  Ba^ 
tden,  Ovaire  des  Mammifdres  (Bats),  in  Arch,  de  Zool  1880.  [64.]  BMiani,  Le90iui 
d'Embryclo^io  Comparie,  Paris,  1879.  [65.]  ff,  Lindgrcn.  Ub.  d.  WirkL  Porencan- 
filchen  in  d.  Zona  pelluc.  des  Siiugethiereies,  in  Arch.  f.  Anat  nnd  Entwick'g.  1877. 
[66.]  />.  Von  Sehlen.  Beitr.  z.  Frage  nach  der  Mikropyle  des  Saugethiereies,  &c,  in 
Arch.  f.  Anat  u.  Entwick'g.  1882.  [66*.]  K.  Schalin,  Z.  Morphol.  d.  Ovarinms,  ke. 
in  Arch.  f.  mikr.  Anat.  1881. 

Katuration,  Separation,  and  Feotindation  of  the  Ovum :— [67.]  Bitehtf, 
(i.)  Beweis  der  Reifung  und  Loelosung  der  Eier  der  Saugethiere  und  des  Menschen,  &c. 
Giessen,  1844;  (ii.)  Be.Mntigung,&c.  1854.  [68.  ]  fr.  if «7/<rr.  (On  the  Polar  or  Direct- 
ing Qlobiiles),  1848.  [69.]  ZT.  Nelson,  On  the  Reproduction  of  Ascaris  Mystax,  in 
Phil.  Trans.  1852.  [69*.]  F,  Keber,  De  spermatozoorum  introitu  in  ovula,  Konigsbeig, 
1853.  [70.]  MeUsner.  (Preseuco  of  Spermatozoa  in  Mammif.  Ovum)  in  Zeitach.  f. 
Wissen.  Zool.  1855.  [71.]  Newport.  Several  Memoirs  on  the  Impregnation  of  the  Eigg 
in  Amphibia,  in  Phil.  Trans.  1852-3-4.     [72.]  Hansom.    Discov.  of  the  Micropyle  in 


Fishes,  in  Proc.  Pvoy.  Soc.  1854.  [73.]  Rcbin.  (On  the  Polar  Globules),  in  Joum.  de 
TAnat  et  de  la  Physiol.  1862.  [74.]  Edw.  van  Beneden.  (i.)  La  Maturation  de  I'Oeaf 
des  Mammif^res,  &c.,  in  Bull,  de  I'Acad.  de  Belg.  1875 ;  (ii.)  Contrib.  to  Hist,  of  the 
Germinal  Vesicle.  &c,  Qu.  J.  of  Micros.  Sc.  1876.  [75.]  E.  v.  Beneden  and  CK  Julin, 
Observ.  sur  b  Matur.,  la  F6cond.  et  la  Segment  de  TOeuf  chez  les  Cheiropt^res  in  Arch, 
de  Biol.  Brass.  1880,  p.  551.  [76.]  F.  M.  Balfour,  On  the  phenomena  accompanying 
the  Maturation  aad  Icipv^gnation  of  the  Ovum,  in  Quart.  J.  of  Microsc.  Sc  1878,  where 
an  account  ol  the  itjcenu  literature  will  be  found. 

Segmentation  of  tlie  Ovnm :— In  addition  to  the  alreadyquoted  worksof  Provost  and 
I>umas  (11),  Barry  ri9),  Bischoff  (21).  Allen  Thomson  (58),  Kolliker  (28),  Costc  (22,  iii), 
the  following  may  be  consulted :— -[77.]  r.  Biier,  Die  Metamorph.  des  Eies  d.  Batrach. 
&c  Miillers  Archiv.  1834.  [78.]  KellUxr.  Entwick.  dor  Cephalopoden.  Zurich, 
1  b44.  [79. ]  Kollikir.  Zur  Lehre  von  den  Furchungen,  Ac ,  in  Wiegmann*s  Arch.  f.  Natar- 
gcsch.  1847.  [80.]  H,  Cramer.  Beiucrk.  u.  d.  Zellenleben  in  d.  Entwick.  d.  PrSsd^t 
VOL.  n.  8  H 
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cies,  MaUer's  Arch.  1848.  [81.]  P.  Leydig.  Die  Dotterfarchnng,  tc,  ind.  Tkknn 
&c.,  in  Oken's  Isis,  1848.  [82.]  Ecker,  Icones  Phjsiol.  (26).  [83.]  K'y^lriy 
(i.)  Kntwick'R.  des  Amphioxus  lanceol.  Mem.  Acad.  St,  Petcivbar^,  1>67;  '.-■■ 
(Further  Researches  on  the  same)  in  Arch.  f.  mikrosk.  Anjit.  1877.  [84.]  GoeCt.  .' 
In  Arch.  f.  mikrosk.  Anat.  1874 ;  (ii.)  Kntwick'g.  der  Unke  (Bombinator  izf:^, 
Leipzig,  1874.  [85.]  E,  Ray  LanhesUr,  In  Ann.  and  Mag.  Nat.  HLst.  1573.  [86.] 
P,  31.  Balfour.  The  Devel.  and  Growth  of  the  Layers  of  the  Blastoderm.  Qc  li 
Microsc.  Sc.  1873.  [87.]  Ed.  van  Bcneden,  In  No.  57  and  No.  75,  L  il  ari  L 
[88.]  V.  Htmen,  In  Zeitsch.  f.  Anat.  u.  Entwick'g.  1875.  [89.]  L  Bm. 
Die  Gastrula  u.  Eifurchnng,  &c,  Jena  1877.  (ii.)  Account  of  Haeckel's  rie**,  tr.  r 
R.  Lankcster,  in  Qu.  J.  Micr.  Sc.  1876,  p.  61  ;  (iiL)  and  Translation  by  K.  P.  Wn^^ 
the  same,  1874,  p.  142  and  223. 

The  Blastoderm ;  its  Layers,  and  earliest  Plienoinena  of  DeTelcpmect:- 
f90.]  E.  Durstf.  Der  prim.  Streif  des  Huhnchens.  Lahr,  1866.  [90/]  Kotil^' 
D.  Entw.  d.  Haifische,  Bcr.  d.  Katnrf.  in  Kiew,  1870.  [01.]  Pertmtf^in.  Wici- 
Sitznngsbcr.  1868.  [92.]  Waldeyer.  Zeitsch.  f.  Rat.  Me<l.  1869.  [93.]  Stridr.b 
Hamlbuch,  1872,  p.  1191,  and  Transl.  (Xo.  35).  [94.]  Gortt€.  Arch.  f.  miknosL  Aat 
1873.  [95.]  E.  Jl.  Lanketter.  Prim.  Cell-Uyers  of  the  Embryo,  in  Ann.  4  "Sb^  Xt 
Hist.  1871.  On  the  Germ.  Layers  as  Basis  of  Classification  of  Aninaals,  in  thes&Bte,  isr:v 
[96.]  F.  ^f.  Balfour,  (i.)  No.  86;  (ii.)  Compar.  of  the  Early  Sta^res  in  the  Deret. «i 
Vertebrates,  in  Quart.  J.  of  Micros.  Sc.,  1875  ;  (iii.)  On  the  Early  DctcI.  of  the  lawitCi 
Ac.,  in  Qu.  J.  Microsc.  Sc.  1879.  [97.]  Goette.  Arch.  f.  mikrosk.  Anat  1875-1 
[98.]  r.  Henten.  (i.)  Kmbryol.,  Mittheil.,  in  Arch.  f.  mikrosk.  Anat,  1867;  iii}B«- 
bachtnngen,  &c.  (Rabbit  and  Guinea-pig).  Zeitsch.  f.  Anat.  n.  Ent«ick*g.,  1S75-4. 
[99.]  Kdlliker.  (i.)  (On  the  Birtl)  in  VerhandL  d.  physik.  med.  GefelL  Wonbes, 
1875  ;  (ii.)  (On  the  Rabbit),  Festschr.  a.  d.  300  Jahr.  Feier.  kc,  Unir.  Wiinbcrj. 
Leipzig,  1882.  (Prel.  Acct.)  in  Zool.  Anzeig.,  1880.  [lOO.]  E.  A.  Sduifnr.  ,1- 
Desc.  of  an  Early  Mammal.  Ovum.  Proc  Roy.  Soc.  1876  ;  (ii.)  Contrib.  to  Hist  of  Deri, 
of  Guinea-pig.  J.  of  Anat  and  Phys.,  1876—77.  [lOl.]  A.  Hauber.  (L)  Die  Es* 
Entwick.  des  Kaninchens,  Sitzungsber.  der  Natnrf.  Gc&ell.  z.  Leii>zijr.  1875  ;  (il)  frsu 
Rinne  u.  Urmund.  Morph.  Jharb.  1876  ;  (iii.)  Prim.  Streifcn  u.  Neurola  d.  Wirtela. 
Leipzig,  1877.  [102.]  Disse.  Die  Entwick.  der  mittl.  Kcimblatter  im  Huhnerd.  Arri 
f.  mikr.  Anat  1S78.  [102.*]  M.  Duval,  Sor  la  ligne  primitive,  &c.,  in  .\wl  A  5c. 
Nat  1879.  [103.]  Oasscr.  Der  prim.  Strcifen  bei  Viigelembry.  Cassel,  1S79.  [104] 
Lieberkiihn.  Ub.  d.  Keimbliitter  d.  Siiugcth.,  Marburg,  1S7D  ;  and  in  Sitznngsb.  d.  Xatnr*aL 
Uesell.  z.  Marburg,  1880.  [106.]  E.tan  Bcneden.  La  form,  des  fenillets  cl>ei  le  hni, 
Aich.  de  Biol.  ISSO.  [106.1  C.  KolUr.  Ub.  d.  Blatterbild.  im  HahB:hnk£ie. 
Wien.  Sitzungsber,  1880.  [107.]  Heape.  On  the  Germ.  Layers  and  EariT  Derd.  d 
the  Mole,  Proc.  Roy.  Soc.  1881.  [108.]  Balfour  and  Dri^fhton.  Renewed  Stoh  d 
the  Germ.  Layers  of  the  Chick,  Quart.  J.  Micr.  Sc  1882.  [lOO.]  Omc.  «.  R.  HnUr,. 
Ooelom-Theorie.  Jena,  1881.  [110.]  M.  Braun.  Die  Entwick.  des  We^nl;«p^ei£^ 
Arb.  Zool.  Zoot  Inst  Wttrzburg,  1879—80.  [111.]  IT.  IfU.  Xcue  Unteis.  uU  i 
lUldung  des  Hiihnerembr.  Arch.  f.  Anat  u.  PhysioL  1877  ;  (ii.)  Die  Lehre  Torn  Bo^ 
sabst  Keim,  &c.,  in  the  same,  1882.  [1120  ^-  Kupffer  u.  B.  Bcncckt.  Die  ente  EatrkL 
am  Eie  der  Reptilien,  Konigsberg,  1878.  [113.]  Kupffer^  Die  Gastnilation  a.  d.  Ber-^l 
Eiem  der  "Wirbelth.  u.  d.  Bed.  des  prim.  Streifcs,  in  Arch.  f.  Anat.  n.  FhynoL  155i 

Human  XTterogestation,  Sarly  Human  EmbryxM: — [114.]  Soemmernti. 
Icones  embryon.  humanorum.  Frankfort,  1799.  [115.]  Velpeau,  EmbryoL  hiuaiBc. 
Paris,  1833.  [116.]  Ton /?arr.  Stud.  z.  Entwick.  des Menschcn,  1835.  [117.] /o*.  Jf£> 
ArchiT.  f.  Anat  u.  Phj-siol.,  1834  &  1836.  [118.]  Th.  Wharton  J one9.   PhiLTians.  li^r. 

(119.1  AlUn  Thomson.  Edin.  Med.  and  Surg.  Journal,  1839.  [120.]  Erdi  {%x  i'-- 
121.1  Rnd.  Wajner.  (No.  17,iT.)  [122.]  Ecker.  (No.  26.)  [liJS.J  Cade.  «X.\  ii 
iii.)  [l'^*]  ^ohrn.  \\e\i.  z.  Anat  d.  menschl.  Eihnllen,  in  Monatsch.  f.  (hi-c^ 
knnde,  B.  29, 1864.  [125. \  ReicherL  Beschr.  eincr  friihzeit.  menschlichen  Fn ':i 
&c.  Berlin  Acad.  1873.  [126.]  SreuM.  Wien.  med.  Wochensdir.  1877.  [157] 
JBeijel  and  Lotce.  Arch.  f.  Gynoekol.  1877.  [128.]  r.  Ifcn^en.  Arch.  f.  AiuL  ai 
Physiol.  1877.  1129.]  Beimel.  Arch.  f.  Gymek.  1878.  IISO. 1  Ahlfrld.  At-Li 
Gynxek.  1878.  [131.]  KoUmann.  Arch.  f.  Anat  n.  Phy&iol.  1S79.  [132.]  W.  5J. 
(i.)  Anatomic  menschl.  Embryonen.  Part  I.,  Leipzig,  1880.  Plates.  PartlL,  IV-i 
(ii. )  Mittheil.  z.  Kmbryol.  d.  Siiugethiere  und  des  Menschen,  in  Arch-  L  Anat  u.  Ftns-i. 
1881,  p.  303. 

Gravid  Uterus,  Decidua  and  Placenta : — [133.]  IT.  Hunter.  Anatofti-H:- 
man  Gravid  Uterus.  Birmingham,  1774.  [134.]  V.  Bacr.  Untersuch.  n,  d.  (»tu^^- 
«w.  Mutter  u.  Frucht,  1828.  [135.]  Bretchet.  Etudes  sur  I'Oeuf  humaiau  hr^ 
1832.  [136.]  T.  L.  W.  BUchoff.  Beitr.  z.  Lehre ron den  EihuUen des  mcnschL  foetus.  L.:-^ 
1834.     [137.]  Eichricht.     Dc  Oiganis  qme  respir.  et  natrit  foetus  mamm.  interest; 
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Hafn.  1837.  [188.]  CotU,  (No.  22,  iii.)  [139.]  QoodHr.  ^y.  Soc.  Edm.  1843  ; 
and  Anat.  Ohserv.  E^lin.  1845.  [140.]  John  Reid,  in  Physiol,  and  Anat  Researches, 
Edin.  1848.  [1^1. '\  Schroeder  Van  dtr  Kdh.  Structure  of  the  Human  Placenta.  (Dutch.) 
Amsterdam,  185J.  [142.]  Fircftow.  Arch,  fur  Patholog.,  A:c.,  185G.  [143.]  /'a rrf. 
ArUcle  "  Uterus  "  in  Todd's  Cyclop.,  1858.  [144.]  Pi-iutUy.  On  the  Gravid  Uterus. 
1860.  [146.]  Rohin,  Modification  de  la  muc.  uterine.  Paris,  18G1.  [146.]  Rtitz, 
(The  Phicenta),  in  Strieker  (No.  35).  [147.]  Ercotani,  (i.)  Delle  gland,  otricol.  dell' 
atero.  Bologna,  1808  ;  (ii.)  SuIV  parte  che  hanno  le  gland,  otricol.  dell  utero,  &c. 
Bologna,  1873;  (iii.)  Sull'  Unita  dell  Tipo  Anat.  dell.  Placenta,  &c.  Bol.,  1877  ;  (ir.) 
Knore  ricerc.  sulla  placenta,  &c.  Bol.,  1880.  [148.]  HyrU.  (Blood-vessels  of 
Placenta.)  1870.  [149.]  Jatsintky.  In  Virchows  Arch.  Vol.  40,  1867.  [150.] 
Turner,  (i.)  On  the  Human  Placenta.  Jonm.  of  Anat.  and  Physiol.  1872  ;  (ii.)  Lects.  on 
Compar.  Anat.  of  Uie  Placenta.  Edin.  1876  ;  (iii.)  On  the  Placentation  of  the  Apes. 
Phil,  l^nans.  1878.  [151.]  Langhant,  (i.)  (Trabcculai  of  placenta),  in  Arch.  f.  Gynsekol, 
L,  p.  817, 1870  ;  (u.)  Arch.  f.  Anat  u.  Physiol.  1878.  [162.]  Friedldnder.  Untersuch. 
JL  d.  Uterus.  Leipzig,  1870,  and  in  Arch.  f.  Gynaek.  Vol.  IX.  [163.]  Winddcr. 
<Subchorionicdecidua.)  Arch.  f.  Gyniekol.  1872.  [164.]  Matthews  Duncan,  in  Edin. 
Obstetr.  Soc.  1872.  ri65.]  Engclmann.  The  Mucous  Membrane  of  the  Uterus.  New 
York,  1875.  [166. J  Ltopcld.  (Changes  of  Uterus  during  Pregnancy.)  Arch.  f. 
GynskoL  1878.  [157.]  Romiti.  Sull.  strutt.  della  placenta  umana,  kc.  Siena, 
1880  ;  referred  to  by  Ercolani  (147,  iv.).     [157*.l  Spiegelbcrg,  Qynoekol.  1882. 

Framework  ofthe  Body,  Skeleton,  Trank  and  iambs  :--.In  addition  to  the 
General  Works  of  H.  Rathke  (14),  Kolliker  (28),  Huxley  (38),  and  Gegcnbaur  (39).  [158.] 
Zr.  J2aMX:«.  (Stemum.)Miiller*s  Arch.l838,p.863.  [160.]  II.  AliUkr.  U.  d.  Vorkonimen 
T.  Besten  des  Chorda  dorsalis  bei  Menschen,  &c.,  Zeits.  f.  Bat.  Med.  1858.  [160.] 
Bambaud  et  RegnauU,  Origine  et  d^rel.  des  os.  Paris,  1864.  [161.]  W,  K.  Parker. 
Struct,  and  Devel.  of  Shoulder  Girdle  and  Sternum.  Ray  Soc.  1868.  [162.1  W. 
MuUer.  Beob.  n.  d.  Bau  des  Chorda  donalis,  Jenaisch.  Zeitsch.  1871.  [163.t  IF. 
Sckwarcl.  Beitr.  z.  Entw.'g.  derWirbels&ulebeiden  Vogeln.  Leipzig,  1872.  [163\i 
Humphry,  Observations  in  Myology,  1872,  and  in  Joum.  of  Anat.  k  Physiol.  1872.  [164.  J 
Jhering.  Die  Entw.'g.  des  menschl.  Stimbeincs,  Muller's  Arch.  1872.  [166.]  W. 
Henkt  and  C.  Reyhtr.  Stud.  n.  d.  Entw.  der  Extrem.  des  Menschen  (Gelenkfliicheu) 
Wien.  Sitzungsb.  1874.  \\QQ.^  E.  Rotenhtrg.  U.  d.  Entwick.  der  Wirbelsaule,  n.  d. 
Central.  Carpi  des  Menschen.  Morphol.  Jahrbuch,  1876.  [167.]  Gtgenhaur.  Z. 
Morphol.  der  GHodmassen  der  Wirbelthiere.  Morphol.  Jahrb.  1876.  [168.]  (7««ft. 
Beitr.  i.  vergleich.  Morphol.  d.  Brustbeines  n.  Schultergftrtel.  Arch.  f.  mikrosk^ 
Anat.  1877.  [168*.]  Rilgt  (Devel.  of  Sternal  Cartilages,  &c.),  in  Morphol.  Jahrb. 
VoL  VL  [169.]  Ileiberg  (On  the  Intervertebral  Plates,  kc.)  in  Schenk's  Mittheilung.. 
1878.  [170.]  A.  E.  Pick.  Z.  Entw.'g.  der  Rippen  n.  Querfortsatze,  kc.  Arch.  f.. 
Anat  n.  Physiol.  1879.  [171.]  H.  Ltboucq.  Bech.  s.  1.  mode  de  disparition  de  la^ 
corde  dorsale  chez  les  vert^brfis  supdrieurs.  Arch,  de  BioL  1880.  [172.]  F.  A, 
JDixey,     (Terminal  Phalanges.)     Proc.  Roy.  Soc.  1880. 

Head  and  Face  :-[173.]  H.  Ratfthc  (Visceral   Arches).     Okcns  Isis.      1825.. 

g74t.}  Reichert.  U.  d.  visceral  Bogcn  der  Wirbelthiere.  Mailer's  Arch.,  1837.  [175.].. 
,  Rathke.  Entw.  des  Schiidels.  KOnigsberg,  1839.  [176.1  SpHndli.  U.  d.  primord. 
Schadel  der  Siiugethiero  u.  d.  Menschen.  Zurich,  1846.  [177.]  Magitot  et  Robin. 
Sur  le  cartilage  de  Meckel.  Ann.  d.  Sc.  Nat.  1862.  [178.]  Dursy.  Z.  Entwick.  dcs; 
Kopfes.  Tiibingen,  1869.  [179.1  Callender.  (Bones  of  the  Face. )  Phil.  Trans.  1870. 
[180.]  Semmcr.  Unters.  u.  d.  Entw.  dcs  Meckelschen  Knorpels,  &c.  Dorpat,  1872. 
[181.]  JF.  K.  Parker,  (i.)  On  the  Struct,  and  Devel.  of  the  Skull  of  tho  Common 
Fowl,  Phil.  Trans.  1869;  (ii.)  (of  the  Pig)  Phil.  Trans.  1874.  [182.]  JF.  K.  Parker 
andO.  T.  Bcttany.  Morphol.  of  the  Skull.  London,  1877.  [183.]  Stieda.  Entw.  des 
Unterkiefers  u.  d.  Meckelsch.  Knorpels.     Arch.  f.  raikr.  Anat.  1875. 

Nervons  Byntem,  Central  :-[184.]  F.  TUdemann.  Anat.  n.  Bildnngs'g.  des 
Gehims  im  Foetus  dcs  Menschen.  Nuremberg,  1816.  [186.]  Bidder  u.  Kupffer.  Unter- 
such. Ob.  d.  Riickenninrk.  Leipzig,  1857.  [186.]  Reichert.  Bau  dcs  mensohl.  Gehirns. 
Leipzig,  1859-61.  [1S7 .1  Schmidt.  Beitr.  z.  Entwick'g.  des  Gehims,  7>eitsch.  fur  wis^ 
aensch.  ZooL  1862.  [188.]  LockhaH  Clarke.  Res.  on  the  Devel.  of  the  Spinal  Cord.. 
Phil.  Trans.  1862.  [180.]  R.  JFagner.  In  Icones  (No.  17,  iv.).  [100.]  A.  Ecker. 
Z.  Entwick.  der  Furchen  n.  Windungen  des  Gross-hims,  &c.  Arch,  fur  Anthrop.  1868  ;-. 
and  in  Icones  (No.  26).  [101.]  i4.  PanjrA.  Windungen  des  Grchirns.  Arch,  fur  Anthro- 
pol.  B.  III.  1868.  [102.J  Mihalkovics.  Entwick.  des  Gehims,  1877.  [103.]  Schwalbe. 
Beitr.  z.  Entwick.  des  Zwischcn-hiras.  Sitzungsb.  d.  Jenaisch.  Ges.  1880;  and  in  Anat.  d. 
KervenSyst.  18ijl.  [104.]  L.  Loict.  (i.)  Beitr.  z.  Anat.  n.  t.  Entwick.  des  Nerven- 
STstems  der  Siiugethierc  u.  d.  Menschen.  Berlin,  1S80  ;  (ii.)  also  in  Schenk's  Mittheil. 
Wien.  1880. 
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Pituitary  Body :— [195.]  E.  JlalhLe.  UK  d.  Entstebnng  der  GbndnU  Ktrntira. 
Mailer's  ArchiT.  1838.  £196.]  E.  Dursp.  Beitr.  z.  Entwick  g.  des  Him-A^i^ 
Central  Blait.  1868.  [197.]  W,  MuUer.  Ub.  die  Bntwick.  a.  Baa  der  Hj|»ph7a,lEt 
Jenaisch.  Zeitsch.  1871.  [198.]  Mihalkovics.  In  (No.  192) ;  and  in  Aichir  t  itibaL 
Anat.  1875.  [199.]  I)<^m.  Ursprung  der  Wirbelthiere,  &c.  Leipzig.  1875.  [200.J 
G&Ue.  Entwick'g.  der  Unke.  Leipzig,  1875.  [201.]  Oweru  On  the  Conario-EjpopkjB: 
Tract.  &c    Jonrn.  of  Linnaean  Soc.  1882. 

Peripheral  Nerves :— [202.]  v.  Henten,  Zar  Entwick.  des  NerreBSjstas  a 
Virchow'a  Arch.  1864.  [203.]  W.  His,  In  (No.  29,  i.)  and  Ub.  d.  Anfinge  da  pen- 
pher.  Neryensystems.  Arch.  f.  Anat.  n.  Phys.  1879.  [204.]  Balfow.  ODtl^Dm. 
of  the  Spinal  Nerves  in  Elasmobranch  Fishes.  Phi).  Trans.  1 876  ;  and  in  (Xo.  3^. 
[205.]  A,  M,  Marshall,  (i.)  On  the  Early  Stages  of  the  Derel.  of  the  Nerrei  iBBii& 
Joum.  of  Anat.  and  Physiol.  1877  ;  (ii.)  The  DeveL  of  the  Cranial  Nerres  in  theCkxL 
Qu.  J.  of  Micr.  Sc.  1878.  [206.]  Schwalbe,  Das  Ganglion  Ocnlo-motom.  Jenki 
Zoitsch.  1879.  [207.]  5.  Z.  Schenk  and  W,  R,  BirdttlL  Ub.  d.  Lehie  na  i 
Bntwick.  der  Ganglion  des  Sympath. .  in  Mitthcil.  d.  embryol.  Inst.  Wien.  1879. 

Suprarenal  Bodies  :-[208.]  Remak  (No.  25).  [209.]  Leydig.  (I)  Uatoi  ft 
Rcchen  U.  Haie.  Leipzig,  1852  ;  (ii.)  Ub.  Fischo  n.  Reptiiien.  Berlin,  1851  [210.] 
A.  von  Brunru  Beitr.  e.  Eenntn.  d.  fein.  Banes  u.  d.  Entw.  der  Kebennierai,  Aid.  1 
nikr.  Anat.  1872.  [211.]  M.  Braun,  Ban  n.  Entwick.  d.  Nebennierai  bei  Bcpti&i. 
i^beit.  &c.  Wurzhurg,  1879.  [212.]  K,  MiUukuru  The  DeTel.  of  Sapiaieul  Bodia 
in  Mammalia.     Qu.  J.  Microsc.  Sc  1882. 

Orffana  of  the  Senaes.— The  Eye:~[213.]  Huachke^  in  Meckel*!  AxcL  VSH 
[214.1  y.  Ammon,  Die  Entw.  des  menschlichen  Anges.  Berlin,  1858.  [SIS.] 
Babwiin,  (L)  Beitr.  z.  Entw.'g.  des  Auges.  Wttrzbuiig.  Verhandl.  1863 ;  (il)  (Hetinl 
WiirabuTg.  naturwissensch.  Zeitsch.  1865.  [216.]  JAeberhUkrK  (i.)  Ub.  4  Ai^  da 
Wirbelthierembryo.  Cassel,  1872  (Marburg.  Denkschriften) ;  (ii.)  In  Marinf.  Sb- 
nngsber.  1877  ;  (iii.)  Also  in  Arch.  f.  Anat.  n.  Physiol.  1879.  [217.]  /«&w  ArwiL 
Beitr.  z.  Entwick'g.  des  Auges.  Heidelberg,  1874.  [218.]  IfftAoOoric^  (Lent),  m  iitk 
f.  mikrosk.  Anat.  1875.  [219.]  KMer.  (i.)  Z.  Entwick.  des  Auges  im  HokKfaat. 
Tritonen.  Dorpat,  1871 ;  (ii.)  And  at  Leipric,  1877.  [220.1  ifoar.  Bntviek'g.ds 
menschl.  Auges,  Handbuch  der  Ophthalmol.  Vol.  II.  [SSdl.]  BergmHder.  SatvicL  i 
Saugeihier.  Auges.  in  Schenk's  Mittheil.  1877.  [222.1  />.  Hunt.  Early  BwcL  of  tk 
Eye  and  Ear  in  the  Pig.  New  Yoik,  1877.  [222.^]  L.  iSwe  in  ArA.  fir  aftn 
Anat.  1878.  [228.]  A.  AngduceL  Entwick,  des  Angea.  Arch.  f.  miknisk.  Aut  ISM 
—81. 

The  Haxi-KdUUxr  (No.  28),  ffuxUy  (No.  38,  il).  fftueUx  (Ho.  213).  IW 
(No.  222),  BeicheH  (No.  174).  [224.]  Jtewner.  Be  auria  intern,  formatioae.  JhipL 
1851.  {226.^  E.  Jtotenberg,  (Cochlear  Canal  in  Mammals. )  Dorpat,  1868.  [296.] 
BdUcher,  (Cochlea)  Denksch.  d.  KiuserL  Leop.  Ciarol  Acad,  der  Wisaenach.  Drasdea,!*. 
85.  [227.]  Bauf,  Die  vergleich.  Morphol  &c.,  der  H&nt.  Gefadrorgane  der  WiiW- 
thiere.  Leipzig,  1873.  \p2S,J  Moldenkatier,  (Middle  and  Outer  Ear)  inMofpltfL  Jaki 
1877.  [229.]  Salen^,  (DeveL  of  Ossicula),  Morphol.  Jahrb.  YoUrL  1880.  [230.] 
A.  Prater.  (Cissicula),  Proc.  R.  8.  and  Phil.  Trana.  1881.  [231.]  ABm  Aoasa 
(Malformation  of  Outer  and  Middle  Ear.)    Proc.  Boy.  Soc.     Edln.  1844 

Nose:-[232.]  KdUiker.  Ub.  d.  Jacobsonsch.  Organ  des  Menachea.  f^ 
Schrift  f.  Einccker.  WUrzburg,  1877.  [238.1  PUUdur.  Entwick.  ilis  Jiiiils^l 
Organ,  Erlangen.  Sitzungsb.  1877.  [234.1  G.  Bom.  Die  Nasenhohkn  u.  d.  Tkitoi^ 
Nasengang  der  amniot.  Wirbelthiere,  Morphol  Jahrb.  1879.  [235.]  A,  Jf.  MarAi- 
Morphol.  of  the  Vertebrate  Olfactorr  Organ.    (Ju.  J.  Microsc  Sc  1879 

Heart  and  BloodvesseLB:-[23(3.]  Sahati^r.  Traits  d'Anatomie.  1775.  T.L  t 
).  224.  [237.]  Kilian.  U.  d.  Kreislauf  des  Blntes  im  Kinde,  &c  CarknSke,  Ifit 
238.]   Serrea.^  (i.)  Mem.  but  I'anat.    transcendent      Ann.    d.   Sc    Kal    1» 

•J  • 


[28 
{29 
[24 

Are] 


239.1  AVtn  T7u>JMon.  Devel.  of  Vascuhur  System.  Edin.  New  PhiL  Joura.  ISS 
^240. J  B.  Bathke.  (i.)  (Devel.  of  Portal  k  Hepatic  Veins  in  Kammab)  ia  Meetfi 
Arch.  1830  :  (ii.)  (Devel.  of  Venous  System  of  Vertebrates).  K5nigsbeis.  ISSS;  (i' 
(Aortic  Arches  in  Mammalia)  in  MilUer's  Archiv.  1843  ;  (iv.)  Unteis.  uh  d.  Aate- 
wurzeln  der  Saurier,  &c.  Denkschrift  der  Kaiserl.  Acad.  Wien.  1857  RMLl  /•» 
Beid.  Art.  "  Heart  '*  in  Todd's  Cyclop.  Anat  k  Physiol.  [242.1  PrivoJ'd:  lAata 
Ann.  d.  Sciences  Nat.  1844.  [243.]  B.  Quoin.  Anat.  of  the  Arteries  of  tke  Bam 
Body  London  1814.  [244.1  Afanasiew.  (i.)  Z.  Entw.  des  cmbrwm.  Hen.  BdL  * 
lAcad.  (le  St.  Petersb.  1869  ;  (iL)  U.  d.  Entwick.  derersten  BlatbalmenimHttBcab^ 
Wien.  Sitzungsb.  1866.  [246.]  BaresU.  (Heart  and  Vascular  Area  ia  tke  €«*> 
Comptes  rendus,  1  S^^6.  [246.]  Schenk.  (Heart  and  Pericardium).  Sitanas^  der  Tm 
Acad.  1866.  [247.]  ffenle.  Handb.  der  qrstem.  Anat  des  BfeM^TvpL  VI 
Braunschw.  186iJ.     [248.]  Tonge.    DeveL  of  Semilunar  Valyo^  PhiL  fxmk  im 
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J  [240.]  JuUtu  Arnold,  (Septum  of  Auricles)  Virchow's  Archiv.  1870.  [250.] 
"I  Bemayi,  (Auric.  Ventric.  Valves.)  MorpUol.  Jahrbuch,  1876.  [251.]  Gatser,  Ent- 
j  stehung  des  Herzens,  Ac.  Marburg.  Sitzungsber.  1876.  [252.]  W.  His,  (i.)  MenschL 
'  Bmbryol.  1880—82;  (ii.)  Mittheil.  z.  Embryol.  dcr.  S&ugeth.  u.  des  Menschen,  in  Arch. 
''  f.  Anat.  u.  Physiol.  1881.  [253.]  /.  Marshall,  On  Devcl.  of  the  Great  Anterior 
"  Veins  in  Man  and  Mammalia,  Phil.  Trans.  1850.  [254.]  Wemd  Gruber.  Mem.  do 
I'Acad.  Impdr.  de  St.  Petersb.  1864.     And  in  Virchow's  Archiv.  1865. 

Lymphatic  aiands,  Spleen,  &c. :— [255.1  Peretneschko.    U.  d.  Entwick.dcr 
Biilz.  in  Sitzungsb.  d.  Wicn.  Acad.  1867.      [256.]   ir.  MiiUer,      (Devel.    of  Spleen) 
'      io   Strieker  (No.   85).     [257.]    Sertoli      (Dovel.   Lymphatic  Glands).  Wien.   Acad. 
1866. 

Alimentary  Canal,  Liver,  Pancreas,  Lnngv,  Ac, :— [258.]  C,  P,  Wo^f. 
(No.  9,  ii.)  [259.]  JI.  Jtathke.  (Deirel.  of  Bespir.  Organs  in  Binls  and  Mammals.) 
Verhandl.  d.  CaroL  Leop.  Acad.  d.  Naturforsch.  Dresden,  1828.  [260.1  Joh,  MiiUer, 
De  GUuid.  secern,  struct,  et  erolutione,  1830.  Transl.  by  Solly,  1839.  [261.]  GodU. 
Entw.  desDarmcanalsim  Hiihnchen.  TQbingen,  1867.  [262.]  Barth,  Entw.  desDarm- 
waiid,&c,  Wien.  Sitzungsber.  1868.  [263.]  W.  Midler,  (On  Devel.  of  Thyroid  Body)  in 
Jenaisch.  Zeitsch.  1871.  [264.]  Schcnk.  (Derel.  of  Pancreas)  in  Anatom.  u.  Physiol. 
Unters.  1872.  [265.]  L,  PeUner.  (Devel.  of  Cloaca,  &c.)  Wien.  Sitz.*b.  1875.  [266.] 
ToUU  u.  Zuckerkandl,  (Devel.  of  the  Lirer.)  Wien.  Sitz.'ber.  1875.  [267.]  P,  BolL 
Dm  Princip  des  Wachsthums.  Berlin,  1876.  [268]  E,  Brand,  Entwick.  des  Magens 
ondDarm.  Wurzbuig.  Verhandl.  1877.  [269.]  4/ananw.  (Devel.  of  Thymus  Gland.) 
Arch.  f.  mikrosk.  Anat.  1877.  [270.]  W,  Both,  (Devel.  of  Larynx  and  Trachea.)  In 
Schenk's  Mittheil.  1878.  IfUlJ]  M,  Cadiat,  (Devel.  of  Pleura,  Pericardium,  Diaphragm, 
Phaiynx,  &c.)  Joum.  de  TAnat.  et  PhysioL  1878.  [272.]  GasKr.  Die  Entsteh.  d. 
doeken-Oeffnung.  bei  Hiihnerembryon.  Arch.  f.  Anat  u.  Physiol.  1880.  [278.] 
Wmkr.  U.  d.  Entwick.  der  Schilddriisc.  Beriin,  1880.  [274.]  StUda,  Untersuch. 
n.  d.  Entwick.  d.  Gland.  Thymus  u.  Thyroidea,  &c.  Leipzig,  1881.  [275.]  W.  Ifit, 
in  (No.  132,  L  and  iL). 

Uroffenital  Sirstem:— [276.]  /.  Hunter,  Descent  of  the  Testicle,  in  Animal 
ficonomy.  Lond.  1786.  [277.]  Boienmiiller.  Quscdam  de  ovariis  embryon.  human.  Lipsiie, 
1802.  [278.]  Jy. -BoMXe.  Beitr.  z.  Geschlcchtsoro'anc  der  Thierwelt,  &c.  1827.  [279.] 
Joh.  MiiUer.  Bildung8*g.  der  Genitalien.  Diisseldorf,  1830.  [280.]  Jacobfon.  Die 
Okenich.  Korpor.  Kopenhagen,  1830.  [281.]  G.  Valentin.  (DeveL  of  Follicles  in 
Mammal  Ovaries.)  MUllcr's  Arch.  1838.  And  in  (No.  14).  [2S2.'\  Bidder,  (Am- 
phibia).  Dorpat,  1846.  [283.]  E.  U.  Weher,  Zusatze,  ice,  Z.  Ban  a.  Yerricht.  d. 
Geschlechtsorgan.  Leipzig,  1846.  [284.]  Hdnr.  Meckel.  Zur  MorphoL  der  Ham  u. 
Geechlechts-Werkzeuge  der  Wirbelthiere.  Halle,  1848.  [285.]  KobeU,  Die  Nebeneier- 
stock  des  Weibes.  Heidelberg,  1847.  [286.]  PoUin.  Sur  lo  corps  de  Wolff.  Paris, 
1850.     [287.1   Thierach,     Entwick.    dcr  Geschlcchtsorgane,    &c     lllust.    med.    Zeit, 

1852.  [288.J   Lcuckart.    in   illust    mcd.  Zeit.    1852,   and  in   No.    42.     [288*.] 
WitHch,     Beitr.  z.  Entwick.  der  Ham  u.  Geschlechtsorgane.     Arch.  f.  wissensch.  ZooL 

1853.  [288.]  /.  Cleland,     Mechanism  of  the  Guberaaculum  Testis.     Edinb.  1856. 

5290.]  W,  Banks,  On  the  Wolffian  Body.  Edin.  1864.  [281.]  Jhtrsy.  Umieren 
lee  Menschen  u.  d.  Sftugcthiere,  Henle  u.  Pfeiffer's  Zeitsch.  1865.  [292.]  Kuj^er. 
Unters.  u.  d.  Entwick.  d.  Ham  u.  Geschlechts  System.  Arch.  f.  Mikrosk.  Anat.  1865,  6L 
[293.]  111.  Bomhaupt.  Unters.  u.  d.  Entw.  des  Urogenital  Syst.  beim  Hahnchen. 
tega,  1867.  [294.]  Dohm,  Ub.  d.  Miillcrsch.  Gang.  u.  d.  Entwick.  d.  Uterus. 
Honatsb.  f.  Geburtsk.  1869.  [295.]  G,  Leopold,  EpitheL  d.  Ovarien,  u.  d.  Bezieh. 
z.  Ovulum.  Leipzig,  1870.  [J096.]  P,  V.  Dobrynin.  Die  erste  Anlage  d.  Allantois. 
Wien.  Sitz.'b.  1871.  [297.]  Goner,  (i.)  Entw.  d.  Mttllersch.  Gang.  Sitz.'b.  d.  GeselL 
Naturwiss.  Marburg,  1872;  (ii.)  Entw.  d.  Allantois,  Miillcrsch.  Gang.  u.  After.  Frank- 
fort, 1874  ;  (iii.)  (On  the  Wolffian  Duct.)  In  Arch,  t  mikr.  Anat  1877;  (iv.)  (Urogenital 
System  of  the  Chick.)  Marburg,  1879.  [298.]  Bomiii.  (DeveL  of  Ovary  and  Wolffian 
Duct)  Arch.  f.  Mikr.  Anat.  1873.  [299.]  Totdt,  (Growth  of  the  Kidneys  in  Man  and 
Mammalia.)  KaiserL  Acad.  d.  Wissensch.  Wien.  1874.  [300.]  KiUliker,  (DeveL  of 
Graafian  Follicle.)  Wiirzburg.  Verhandl.  1874.  [301.]  LieberkUhn.  Ub.  d.  AUant  u. 
Nieren  der  Mammal,  ^(arburg.  Bericht,  1875.  [302.]  Kowalevtky.  Bildung  d.  Uro- 
genital Anlage  bei  Hiihnerembr.  Warsaw,  1875.  [303.]  C,  Semper.  Das  Urogenital- 
System  der  Plagiostomen,  &c  Arbeit  kc,  Wiirzburg,  1875.  [303.*]  M,  Braun,  in 
Arb.  ZooL  Zoot  Inst  Wttrzb.  1877.  [304.]  P,  M.  Balfour,  Origin  and  Hist  of 
Urogenital  Organs  of  Vertebrates.  J.  of  Anat.  and  PhysioL  1876.  [305.]  P.  M. 
Jkd/our  and  A,  Sedgwick.  On  the  Head  Kidney  in  the  Embryo  Chick.  Qu.  J. 
Micr.  Sc.  1878.  [306.]  M.  Purbringcr.  Z.  vergleich.  Anat.  u.  Entwick.  der  Excretiona- 
Oigane  der  Vertcbratcn.  MorphoL  Jahrbuch,  1878.  [307.]  Beigel,  (On  the  Human 
Wolffian  Body)  in  Centnd  BUtt  1878.    [308.]  I^i.    Beitr.  s.  Anat  a.  Entwick.  dor 
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Gcschlechts  Organe.  Zurich,  1876.  [300.]  -4.  SedyvncJ:.  Dcrel.  of  the  KiJnfrhb 
Bfiktion  to  the  Wolffian  Body.  Qa.  J.  Microsc  8c.  1880  ;  and  further  in  the  sac*  V:. 
and  in  1881.  [309*.]  H.  Strahl,  u.  d.  Canalis  myelenter.  u.  d.  Allantols  d.  Eide.'k?t, 
Arch.  f.  Anat.  n.  Physiol.  1881.  In  addition  to  the  foregoing,  the  works  alrea^ij  qi--'! 
under  Be  Graaf  (No.  5),  Kolliker  (No.  28,  ii.),  Balfour  (Nos.  3U,  31.  32  au-i  61,  E.= 
(Nos.  29  and  55),  Leuckart  (No.  42),  Hensen  (No.  48),  Pfluger  (No.  55^,  WaldejerfX. 
68),  H.  Ludwig(No.  69),  Farre  (No.  143),  J.  Foulia  (No.  61),  E.  ran  Benedta  i.V'. 
63),  Balhiani  (No.  64). 

Malformations. — (Donhle  Monsters,  and  the  Origin  of  ^fonsters  in  gencraJ).  [310.1 
C  F.  IVolff,  De  ortu  Monstromm,  in  Nov.  Comment.  Petropol.  Tom.  XVIII.  [310.*] 
J,  F.  Meckel^  Be  duplicitate  monstrosa,  Ital.  1815.  [311.]  Barlotr,  Mon-lra  aLisa;. 
duplicia.  1828—36.  [311.*]  Serres,  Theorie  des  format,  ct  des  deformat  Orni 
Mem.  de  I'Acad.  d.  Re.  Tom.  XI.  [312.]  Bischoff,  D.  Kntwick'g.  mit  t-estnl  Eu  "l- 
sichtignng  der  ^lissbildungen,  1842,  in  R.  Wagner's  HandwOrterbuch  dor  Phvsk:, 
Vol  I.  [313.]  Allen  Thonism,  in  Edin.  Monthly  Joum.  1844.  [314.]  XrLvin 
Be  monstris  eorumquc  ortu  et  cauais,  Gutting.  1845.  [315.]  r.  Barr  (oa  lk<i.'A 
Monsters)  in  M6m.  Acad.  St.  Petcrsb.  1845.  [316.]  D' Alton,  Be  Moostror.  ia\^. 
originc,  Hal.  1849  (and  on  Redundant  parts)  Hal.  1853.  [317.]  Valentin,  in  Arcb."f. 
physiol.  Heilk.  1S51.  [318.]  C.  Darcste,  (i.)  (Artificial  pro^l.  of  Monst<jrs>  in  Ann.  i 
fc'c.  Nat.  Tom.  XVIII.  1862.  (ii.)  Again  in  the  same,  Tom.  XX.  1863,  (iil»  in  AtL 
de  Zool.  1874.  [310.]  Lcrchoullct,  Monstnios  du  Brochet,  Ann.  d.  Sc.  Xat  IJ*^ 
[320.]  IkicIifrU  in  Archiv.  f.  Anat  u.  Physiol.  1864.  [321.]  Doniiz,  in  ih^  smr. 
1865->66.  [322.]  OcllacJtcr.  (in  the  Trout)  Ber.  Acad.  z.  Wien,  1S73.  [323.] 
DUtmcr,  Z.  Lehre  v.  d.  Boppelmissgeb,  Reichcrts  Arch.  1875.  [321.]  A  Ravbtr.  (L)  D» 
Theorien  der  excessiv.  Monstra,  Virchow*8  Arch.  1877.  (ii.)  Formbildimg n.  Fonuato- 
mng  L  d.  Entw.  d.  "Wirbelth.  in  Morphol.  Jahrb.  1879—  SO.  (Systt^matic  works  « 
Malformations  in  general).  [325.]  Isid.  G.  St.  Hilait-c,  1832 — 6.  [326.]  Cmrfiikar, 
Anat.  Pathol.  1830-42.  [827.]  Gurlt.  0)  Pathol.  Anat.  d.  Hausth.  1832.  'il.  Xws 
Beitr.  z.  Anat  der  Missgeburtcn.  Berlin,  1877.  [328.]  OUo,  1841.  [329.]  (L)  IT.  Vr^H. 
1849.  (ii.)  Article  *'  Teratology,"  in  Todd's  Cyclop.  1850.  [330.]  Rolttazdm,  Pitk-i. 
Anat  (English)  1849—52.  [331.]  Aug.  F6nter,  1861.  [332.]  Ahim.  (L» 
system,  work.  18S0.  (ii.)  (On  Boublc  Monsters).  Arch.  f.  Gynaek.  B.  IX.  'ui.) 
Lehre  v.  d.  Zwillingon  in  the  same,  1874-6.  (Malformations  of'  the  Genital  Organ*'. 
[833.]  /.  Y.  Simpson^  Article  "Hcrmaphrodism,"  in  Todd's  Cyclop,  of  Anat  ^a-l 
Physiol.  [334.]  H(ppner.  Ub.  d.  Wahren  Hermaphrodismua  beim'Menschea.  Miilkr'* 
Aixjh.  1870,  p.  679. 


INDEX  TO  VOLUME  H. 


Abdomen  {ahdo,   I    hiJu),  regions  and 

viscera  of,  588 
Absorbents,  33,  201.    See  Lymphatics. 
Accessory  disk  of  muscle,  128 
Acervulus    (dim.    of  accrrus,    a   heap) 

cerebri,  327 
Acini  {acimiJt,  a  grape)  of  glands,  22S 
Adenoid   (&8ijv,   a   gland ;    <75or,   fonn) 

tissue,  70 
Adipose  tissue,  blood-vessels  of,  75 
development  of,  75 
distribution  of,  73 
lymjiliatics  of,  75 
stnicturo  of,  73 
Advcntitia  capillari.s,  195 
Afterbrain,  82S 
Agminated  glands  {cif/mai,  a  troop),  214, 

605 
Air-cells,  514,  516,  518.     Sec  Luxes, 
epithelium  of,  517 
fietal  state  of,  517 
Air-tubes.     Sec  Trachea  and  Broxcht. 
Ala    cinerea     {cincrcus,     asli-colourcd;, 
291 
vesi)ortilionis  (a  bat's  wing),  710 
Alinientarj'  canal,  544 

abdominal  portitui  of,  588 
development  of,  800,  878 
Allantoic  vessels,  767 
Allantois  (oAAoy,  gen.    itWayros^  a  sau- 
sage), 766,  882 
^Vlveoli  {ahroliusj  a  small  hollow  vessel) 
of  glands,  228 
of  lungs,  514,  516 

epitliclium  of,  517 
fietiU  state  of,  517 
of  lymphatic  glands,  211 
mucous,  579 

of  mucous  membrane,  23$ 
salivary,  578 
serous,  5S0 
Alvcus,  361 
Amnion,  765 

false,  766 
Amoeboid  {anucha^  the  animalcule  in  which 
the  movements  wei-e  first  noticed) 
movements  in  colls,  5,  7 
Ampulla?  {ampulla^  a  flask  or  bottle)  of 
Fallopian  tubes,  713 
of  galactophorous  ducts,  723 


Ampullar — continued, 

of  semi- circular  canals,  446 
vas  deferens,  693 
Amygdalae     {amygdalUf     an     almond), 

574 
of  cerebellum,  307 
Amygdaloid  tubercle,  34$ 
Anastomosis   (dvo,   t  lire  nigh  ;    trrS/uif   a 

mouth),  184,  189 
Anatomy,  general,  1 
Anisotropous  {ay,  neg.  prefix  ;  lffoTp6wos, 

ot  like  character)  substance,  126 
Anncctant     (connecting)     gyri,      337, 

Annulus  ovalis  (oval  ring),  483 
Ansa  (looj))  lenticularis,  325,  355 
Ante-prostatic  gland,  681 
Antigermiual  pole  of  ovum,  732 
Antihelix  {hnl,  opi>osite  ;  /«•/*>),  431 
Antitragus,  431 
Antrum  (a  cavity)  pylori,  589 
Anus,  619 

develoi>mcnt  of,  884,  908 
Aorta    (probably    from    ofnduf    I    su^ 
pend,  and  &opr'fipf  a  belt  or  strap 
to  hang  anything  to,  from  its  ai»- 

Sarently  suspending  the   heart), 
evelopment  of,  865,  867,  870 
orifice  of,  489,  493 
Aortic  arches.  868 
roots,  869 
valve,  48i9 
vestibule,  491 
Apex  comu  ix)sterioris,  266 
Aponeurosis  (&v({,  from ;  vwpop,  a  string 

or  tendon),  56 
Appendices  epipliiicce,  612 
Appendix  caici  vermilformis,  614 

vesicae,  667 
Afjucduct     {aquccduetiis)     of     cochlea 

449 
of  Sylvius,  314,  315 
of  vestibule,  446 
Aqueous  humour,  429 
Anichnoid  (ifM(x*''7>  ^  spider  or  spider's 
web)  membrane,  371,  376 
relation  of,  to  cerebro-spinal  nerves^ 

378 
structure  of,  378 
Axuchnoidal  yilli,  379 
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^Vrbor  vita6  (from  resemblance  to  tho 
shrub  sp-collcd)  of  ccrebellmn,  509 
iitcrinus,  707 

Arches,  visceral,  815 

Arciform  fibres  of  the  medulla  oblougata, 
287,  295,  297 

Arcuate  fibres  of  medulla.  See  Arciform 

FIBRES. 

of  tegmentum,  318 
Areola  ofbreast,  721 
Areola  of  bone,  primary,  107 

secondary,  107 
Areolar  {areola^    a    small    open    space) 
tissue,  55 

cells  of,  66 

distribution  and  arrangement  of,  55 

fibres  of,  61 

See  also  Connective  Tissue. 
Arrectores  pili  (erector  muscles  of  hair), 

249 
4rtena  centralis  retinie,  421 

thyroidea  ima,  540 
Arterial  bulb,  852 

division  of,  865 
Arteries,  general  anatomy  of,  183 

anastomoses  of,  1S4 

coats  of,  185 

development  of,  867 

distribution  of,  1S3 

epithelium  of,  185 

ganglia  of,  189 

lymphatics  of,  189 

muscular  tissue  of,  187 

nerves  of,  189 

physical  properties  of,  184 

sheath  of,  184 

small,  structure  of,  196 

structure  of,  184 

tortucsitv  of,  184 

vessels  of,  170 
Arteries  or  Artery,   auditory,  internal, 

bronchial,  520 
ciliary,  402,  406,  407 
choroid,  351 
deferent,  684,  697 
heparic,  624,  628,  630 
pulmonary,  development  of,  865,870^ 
888 
distribution  of,  518 
orifice  of,  485, 493 
portion  at  root  of  long,  505 
renal,  656 
spermatic,  696 
splenic,  641. 
Arytenoid  (df>imuya,  a  pitcher  or  ladle) 

cartilages,  522,  524 
Aryteno-epiglottic  folds,  52S 
Ass<K*iation-tibros,  356 
Atrium    (a    court    Wfore    a   house)    of 

auricles  of  heart,  4S2,  4S6 
Auditory  canal,  external,  433 
state  of  in  infant,  434 
vessels  and  ner\'es  of,  434 


Auditory  canal — continued. 

nerve.     See  Nerve,  Auditoet. 

vesicle,  848 
Auerbach,  plexus  of,  174,  60S 
Auricle  {aurtcida,  the  outer  ear),  431 
Auricles   of  heart,  '482,   4S6,  494.    by 
Heart. 

development  of,  S6z,  864 
Auricular  appendix,  482,  4S6,  491 
Auriculo- ventricular  valves  and  groc^.. 

Se^  Heart. 
Axial  plate,  753 
Axis-cylinder  or  -band,  140 
Axis-ligament  of  malleus,  44^ 


Bartholin's  glands,  701 

development  of,  909 
Basement  membranes,  70 

of  glands,  223,  225,  229 

of  mucous  membranes,  232 

of  serous  membranes,  21S 
Basilar  membrane,  455,  458 
Basis  pedunculi,  315,  316 
Bicuspid  (l/is,  twice  ;  euspis,  the  point  oJ 

a  weapon)  teeth,  545,  547 
ISUe-auct,  common,  626 

ducts,  aberrant,  633 

commencement  o^  631 
structure  of,  632 
varieties  of,  626 
Bladder,  gall,  625.     See  Gall-Blipdet- 
Bladder,  urinarv,  66 1 

coats  of,  6^5 

connections  of,  66^ 

development  of,  769,  897 

female,  peculiarities  of,  661, 6614, 65$ 

interior  of,  665 

ligaments  of,  663,  664 

mucous  membrane  of,  668 

onfices  of,  665 

position  o^  661 

sacculated  and  fasciculated,  667 

size  and  shape  of;  661 

structure  of,  665 

vessels  and  nerves  of,  668 
Blastoderm    (B\atrr6s,   n  germ;    5<>^. 
skin),  19,  741,  747 

mflection  of  layers  of,  800 

origin  and  constiturion  of  livers  •'*. 
.    752 

relation  of  layers  of,  to  the  d^rtl  -- 
ment  of  systems  and  orginst  751 

relation  of,  to  ovum,  759 
Blastodenuic  vehicle,  19,  745 
Blastomeres    (3Xao-rox,    a   germ;  f^--:^ 

ap^rt:,  18,  741 
Blastopore  {,w6po9^  a  pore),  759 
Blastophere  K<r<peupa^  a  ball?,  740 
Blood,  23 

colouring  principles  of,  27 

corpuscles  of.     See  CoaprsCLES. 

liquor  or  plasma  of,  23 

-.  constituents  o^  32 
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Blood — eantinued, 

]>hysical  and  organic  constitution  of. 

Blood-islands,  36,  3S,  198 
Blood-yessels,  general  anatomy  of,  183 

development  of,  197,  855,  861,  867 

of  limbs,  origin  of,  806 
See  the  several  organs  and  tissues 
for  the  blood-ve^isels  belonging 
to  them. 
Body-cavity,  793 

walls,  development  of,  800 
Bono,  general  anatomy  of,  87 

blood-vessels  of,  100 

cells  of,  92 

chemical  composition  of,  Sy 

compact  and  cancellated,  88 

formation  and  growth  of,  loi 

growth  and  absorption  of,  1 14 

lymphatics  of^  loi 

marrow  of,  98 

minnte  stmctore  of^  88 

nerves  of,  loi 

|)eriosteum  of,  98 

physical  properties  of,  87 

regeneration  of,  116 

stmctore  of,  88 

specific  gravity  of,  87 
Bones  of  ear,  439 

development  of,  854 
Bnichia  of  corpora  quadrigemino,  319 
Brain.    See  Cerebrum  and  JILscepha- 

LON. 

blood  supply  of,  381 

development  of,  823 

lymphatics  of,  382 

membranes  of,  371 
Brain-sand,  327 
Branchial  {fiftiyx"^  f^ls)  arches,  808, 

815,  868 
Breast,  721.    See  Mammary  Glands. 
Bronchi  Op<^x«^  the  windpipe),  509 

arrangement  of  branches  of,  511 

position  at  root  of  limgs,  505 

structure  of,  514 

termination  of,  514 

vessels  and  nerves  of,  514 
Bronchia,  514 
Bronchial  tubes,  514 

structure  of,  516 
Bronchioles  (fipiyxo^t  ^^^  windpipe,  di- 
minutive form),  514 
Bmch,  membrane  of,  403 
]>runuer's  glands,  605,  608 
Buccal  (buccaf  the  mouth)  glands,  544 
Bulb,  arterial,  85 2 

division  of,  865 
Bulbi  vestibuli,  702 
Barsse  (Bvpa-a,  a  skin),  219 
Bursa  Fabricii,  884 

pharyngea,  585 

C^CUM  {intestinum   caxwn^  the   blind 
gut),  611,  614 
development  of,  881 


Calamus  scriptorins  (a  writing  pen),  290 
Calcar  avis  (a  bird's  spur),  346 
Calcification  of  teeth,  563: 
Calices  (ealiXf  a  cup)  of  kidney,  651 
Callus  (lit.  hard  skin  or  rind),  116 
Canal  of  cochlea,  449,  457 

central,  of  modiolus.  449 
of  spinal  cord,  268 

semicircular,  446 

spiral,  of  cochlea,  448 
of  modiolus,  449,  465 

of  epididymis,  692 

of  ^  uck,  684 

of  Petit,  425 

of  Schlemm,  399 

of  Stilling,  423 

of  Wirsung,  637 
Canaliculi,  biliary,  632 

in  bone,  90 

in  cartilage,  79 

in  cement  of  teeth,  554 

lochrymol,  385,  390 

lymphatic,  58,  207 
Canalis  auricularis,  862 

hyaloideus,  423 

membranaceous,  457 

reuniens,  451,  457 
Canals,  Haversian,  89 
Cancelli  (spaces  inclosed  by  boimdarica, 

like  lattice-work)  of  bone,  88 
Canine  teeth,  546,  549 
Canthi  (iccb^wi,  the  comer  of  the  eye),  385 
Capillary  {capillua,  a  hair)  blood-vessels, 

183.  192 
contractility  of,  195 
development  of,  197 
size  of,  193 
stigmata  of,  194 
structure  of,  194 
lymphatics,  204 
Capsulse  atrabiliarise,  643 
Capsule,  external,  352 
intemal,  324,  352 
of  Qlisson,  625,  626 
of  Tenon,  391 
Capsulo-pupillary  membrane,  844,  847 
Caput  caecum  coli  (blind  head  or  end  of 
the  colon),  614 
comu  posterioris,  266 
gollinoginis  (woodcock's  head),  678 
Cartilage  {cartilago,  gristle),  77 
articular,  80 
cells  of,  78 

chemical  composition  of,  79 
costal,  81 

dovclopment  of,  84 
elastic,  82 

development  of,  86 
hyaline,  78 

development  of,  84 
nutrition  and  regeneration  of,  86 
spongy,  82 
temporary,  77 
varieties  of,  78 
yellow,  82 
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Cartilages  of  larynx,  522 
arytenoid,  524 
cornicula  laryngis,  524 
cricoid,  523 
cuneiform,  525 
epiglottis,  525 
thyroid,  522 
ossification  of,  526 
structure  of,  526 
Cartilages  of  nose,  469 
Cartilagines    minores   vel    scsamoidcse, 

469 
Cartilago  triticea  (like  a  grain  of  wheat), 

526 
Caruncula  (dim.  from  earo,  flesh)  lachry- 

malis,  386 
Carunculce  myrtiformes  {myrhiSj  myrtle ; 
format  form ;  having  the  form  of 
myrtle-berries),  701 
Cauda  equina  (horse's  tail),  261 

development  of,  823 
Cell-nucleus,  divwion  of,  12,  257 

structure  of,  9,  257 
Cells,  animal,  3 

of  areolar  tissue,  66 
of  bone,  92 
of  cartilage,  78 

division  of,  85 
chalice,  44,  232 

changes  in,  duriug  activity,  224 
of  connective  tissue,  64 
intercellular  network  of,  65 
ground-plate  of,  65 
embryonic,  origin  of,  16,  18 
of  elastic  tissue,  67 
of  fibrous  tissue,  66 
goblet,  44,  232 
growth  of,  21 
gustator}',  567 
of  marrow,  99 
migratory,  30 
mmtinuoleated,  16 
multiplicatiou  of,  il 
nutrition  of,  21 
olfactory,  473 
origin  of,  16 
of  Purkinje,  312 
striated,  of  glands,  4,  230 
tactile,  161 
vasoformative,  38 

ij:c     also     various     Or^^ans    and 
Tissues. 
Cellular  sheath  of  nerve,  151 

tissue,  56 
Cement  of  teeth,  550,  554 

development  of,  560 
Central  cells  of  gastric  glands.  594 
Ceiitro-aciiiar  cells,  638 
Ccntnun  ovale  minus,  342 

of  Vieussons,  342 
Cerebellum     (dim.     of     arcbnim,     the 
\i\\\\Vi),  305 

maUcr  o^,  30c) 
blood  Euvv\^  oV,  T>%1 


Cerebellum— coTi^muAi 

commissural  fibres  of,  314 

cortical  grey  matter  of,  311 

coarse  of  fibres  in  central  whit 
substance  of^  313 

development  of,  823,  824,  829 

fissures  of,  306 

folia  of,  306 

hemispheres  of,  305 

internal  structure  of,  309 

lobes  of,  306.    See  Lobes. 

middle  cms  of,  299 

minute  structure  of,  311 

peduncles  of,  299,  310,  313 

position  of,  280 

size  of,  306 

weight  of,  384 
Cerebralrudiments,  825 

vesicles,  819,  823,  824,  828 

parts  of  brain  formed  from,  S2I 
Cerebro-spinal  axis  or    centre,   genera 
anatomy  of,  137 
development  of,  818 
special  anatomy  o^  259 

fluid,  259 

nerves.     See  Nervxs, 
Cerebnmi  (the  brain),  329 

blood  supply  of,  381 

base  of,  327 

convolutions  of,  333,     See  Cosvo 

LUTIONS. 

relations  of,  to  cranial  sutnrta 

342 
commissures  of,  318,  321,  342,  35 j 

363 
development  of,  819,  823,  832 
oxtenial  conformation  of,  329 
fibres  of,  peduncular,  354 

transvers^c  or  couiniisj»ural,  35 

longitudinal  or  collateral,  355 

fissures  and  furrows   of,    331,  33} 

See  Fis-sURKs  and  Sulci. 

relation  of  to  cr;inial  sutures,  3.; 

ganglia  of,  351 

structure  of,  353 
grey  matter  on  convoluted   surf.tc 

of,  356 
hemispheres  of,  329 
internal  parts  of,  342 
intimate  siructure  of,  354 
layers  of  cells  iu  cortex  i»f,  359 
lobes  of,  331.     Sre  Ix>bf>*. 
measurements  of,  3S3,  384 
jK'duncles  or  crura  of,  315 
ventricles  of,  384 
white  matter  of,  354 
Cenimen  {ccra,  wax),  631 
Cervix  cornu  postorioris,  266 
penis,  671 
uteri,  706 
Chalice-cells  {kv\i^,  a  ^iMet),  44,  232 
Cliamlx-rs  of  cyelKill,  ^29 


\^ 


INDEX   TO  VOLUME   II. 


923 


Choanre  (x^oyi;,  a  fiinnc] -shaped  hollow) 

nariiim,  583 
Chondrin  {x^vSpos,  cartilage),  84 
Chorda  dorsalis,  749,  790,  796 
•Chorda  tyin|iani,  445 
Cliordoe  tendincffi,  485,  486,  489 
Chorion  {x^ptWf  the  investing  membrane 
of  the  foetus),  770 
connection  of  embryo  with,  775 
Choroid  plexuses,  350 

of  fourth  ventricle,  290 
of  lateral  ventricle,  344,  350 
of  third  ventricle,  323,  350 
coat  of  the  eye,  400 
development  of,  847 
nerves  of,  402 
vessels  of,  407 
Choroidal  fold  or  fissure,  843 
Chyle  (x^Xor,  juice),  34 

molecular  base  of,  34 
Cicatricula  (dim.  of  cioitrix,  a  scar),  746 
Cilia  {ciliunif  an  eyelash),  eyelashes,  388 
vibratile,  action  of,  52 
size  of,  51 
Ciliary  ligament,  404 
motion,  cause  of,  54 

effect  of  reagents  on,  53 
muscle,  404 

development  of,  84S 
processes,  401,  403 
Cingulum  (a  girdle),  356 
Circulation  of  blood,  fa-tnl,  874 

changes  in,  at  birth,  876 
Circulufl  articuli  vasculosus,  84,  222 
major  and  minor  of  iris,  406,  407 
venosus  of  nipple,  724 
Clarke's  column,  273 
Claustral  formation,  359 
Claustrum(that  which  shuts  ofl),  352,  354 
Clava  (a  club),  287,  293 
Clitoris  (icXfiTopij,  perhaps  from  K\tia>,  I 
enclose),  699 
development  of,  909 
erector  muscles  of,  700 
vessels  and  ner>'es  of,  703 
Cloaca  (a  common  sewer),  802 

division  of,  90S 
Cochlea  {k6x\os,  a  spiral  shell),  448 
canal  of,  457 
development  of,  851 
measurement  of  parts  of,  467 
membranous,  455 
nerves  of,  465 
vessels  of,  467 
Cohnheim's  areas,  122 
CoUiculus  (dim.  of  collis,  a  hill)  bnlbi 
urethnc,  675 
nervi  optici,  409 
seminalis,  669,  678 
Coloboina  (»coAoj8<5«,  I  maim;  a  deficiency 

in  any  part)  iridis.  S44 
Colon  (icctf  Aov,  originally  limb,  tlie  great 
put),  611,  61S 
development  of,  881 
position  of,  615 


Colostrum,  724 
Coloured  lines  in  enftTtcl,  553 
ColnmclU  cochlece,  449 
Columna  nasi,  468 
Columme  Bertini,  650 

camcs,  485,  488 

nigarum,  704 
Column  or  Columns,  ganglionic  or  vesi- 
cular, 271 
of  anterior  coma,  272 

Clarke's,  273 

of  inteniiediolateral  tract,  273 

posterior  median,  279,  287 

posterior  vesicular,  273 

of  rectum,  619 
Comes  (a  comjmnion  ;  pL  comitcs)^  189 
Commifigure  (union)  or  commissures  cere- 
bral, anterior,  353 
great,  342 
inferior,  363 
middle  or  soft,  321 
T)osterior,  318,  321 

optic,  328 

of  spinal  cord,  265,  274,  275 
Conariuni  {coniiSf  the  fruit  of  tho  fir),  3269 
Conario-hyiK)phyhiai  tract,  832 
Concha  {icSyxVi  a  shell),  431 
Cone-fibres  of  retina,  415 
Cone-granules  of  retina,  415 
Cones  of  retina,  416 
Conglobate  {am^    together ;    glolHa,    a 

ball),  glands,  208 
Coni  vasculosi,  692 

development  of,  907 
Conjuuctiva  (fo;i,  together  ;yu7i^,  Ijoin)» 

385.  388 
Connective  tissue,  55 

arrangement  of  fibres  in,  61 

blood-vessels  of,  68 

cell  spaces  of,  58 

relation  of  lymphatics  to,  205 

corpuscles  of,  64 

development  of,  70 

clastic  fibres  of,  59 

epithelioid,  70 

epithelioid  cells  of,  66 

ground  substance  of,  5S 

homogeneous,  70 

jelly-like,  69 

lymphatics  of,  63 

mucous,  69 

nerves  of,  68 

white  fibres  of,  59 

regeneration  of,  72 

retiform,  70 
Contraction,  fixed  waves  of,  128 
Conns  arteriosus,  485 

medullaiis,  263 
Convolutions  {con^    together ;    voire,  I 
roll)  of  cert'bnmi,  333 

angular,  337 

onnectant,  337,  33S 

of  corpus  callusuiu,  3.;o 

dentate,  340,  361 

development  of,  835 
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CoTLYolifioTiB—eontinuecL 

frontal,  325 

inframarginal,  338 

of  island  of  Keil,  333 

marginal,  339 

occipital,  337 

occipito-tomporol,  337,  340 

orbital,  336 

parietal,  336 

sapramarginal,  337 

temporo-sphenoidieLl,  338 

uncinate,  340 
Coriom  (skin)  of  skin,  239 

blood-yesscls  and  lymphatics  of, 

242 
nerves  of,  242 
structure  of,  239 

of  mucous  mcmbntne,  233 
Cornea  {comeus,  horny),  394 

development  of,  S47 

vessels  and  nerves  of,  399 
Corneal  corpuscles,  395 

tubes  of  Bowrann,  397 
Comicula  laryngis,  524 
Comu  Ammonia  (from  its  resemblance  to 
the  horns  on  the  statue  of  Zeus- 
Ammon),  345 

formation  of,  359 

structure  of,  360 
Comua  of  lateral  ventricles,  344 

of  spinal  cord,  266 
Cornucopia  (horn  of  plcntjr),  291 
Corona  ^landis,  671 

radiata,  354 
Coronary  sinus,  484 
Corpora  albicautia  (white  bodies),  322, 327 

development  of,  834 

formation  of,  348 
Corpora  amylacea  (&fiv\otf,  starch),  271 
Corpora  cavernosa  clitoridis,  700 

penis,  671,  672 
Corpora  geniculata  (genu,  a  knee),  319, 
324,  326 

blood  supply  of,  381 
Corpora  mammiilaria  {mammilla,  a  teat), 

327 

Corpora  nuadrigemina  (four),  319 

blood  supply  of,  381 

development  of,  829 
Corpora  striata,  344,  351 

development  of,  832 

minute  structure  of,  353 
Corpus  Arantii,  490 

Corpus  callosum  {callosus,  hard  or  thick), 
342 

development  of,  834 

peduncles  of,  343 

fillet  of,  356 
Corpus  cavemosum  penis,  671,  672 
Corpus  dentatum  of  the  cerebellum,  309, 

313 
of  olivary  body,  295 
Corpus  Highmori,  687 
Corpus  lutcum  (yellow),  717,  739 
structure  of,  720 


Corpus  restiformo  (resfu,  a  ropc\  2S7 
Corpus  spongiosum  orcthne,  671,  675 
Corpus  subthalaniicum,  326 
Corpuscles  of  blood,  red,  24 
development  of,  36 
effect  of  reagents  on,  26.  2S 
modifications  in  form  of,  26 
nucleated,  origin  of,  36 
nucleated  of  lower  animals,  27 
proportion  of,  in  blood,  23 
rouleaux  of,  25 
sliope  and  size  of,  24 
structure  of,  26 
variatious  in  colour  of,  25 
colourless,  29 

action  of  reagents  on,  32 
development  of  red  from,  37 
division  of,  31 
general  characters  of,  30 
source  of,  34 
vacuolation  of,  30 
of  bone,  92 
of  chyle,  34 

source  of,  34 
concentric,  of  Hus$all,  543 
of  connective  tissue,  64 
corneal,  395 
genital,  164 
of  Grandry,  161,  171 
of  lymph,  ^^ 

source  of,  34 
Holpighian,  of  spleen,  642 
of  muscle,  123 
tactile,  of  birds,  171 

of  Moissner,  161,  243 
thymus,  542 
Corpuscula  tactus,  162 
Corti,  oi^n  of,  461 
Costo-coEc  ligament,  727 
Cowper's  glands,  6S0 

development  of,  909 
Cranial  flexures  of  embrj'o,  802,  Si  I 
Cranium,  development  of,  S09 
Cremasteric  (irpcfu£a»,  I  6us£»enJ)  frseiji, 

682 
Crico-arytenoid  articulations^  527 
ligament,  52S 
muscles,  533 
Cricoid  (xplKos,  a  ring)  cartilage,  522,  523 
Crico-thyroid  articulations,  527 

membrane,  526 
Crista  acustica,  451,  453 
urethne,  678 
vestibuli,  446 
Crura  ad  cerebrum,  310 
ad  medullam,  311 
ad  pontera,  311 
cerebri,  315 

blood  supply  of,  351 
of  clitoris,  700 
of  fornix,  347,  34S 
of  penis,  672 
Crus  breve  of  incus,  440 

longum,  440 
Cmsta  ^dunculi,  315,  316 
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Crnsta  petrosa,  ^$o,  $$4 
formation  of,  560 
perforating  fibres  in»  96 
Cryptorchismnj    (icp^rrw,     I     conceal ; 

ipXiff  0.  testicle),  443 
Orjrpts  of  Lieberkiihn,  605.  613 
Cuneiform    (cuneus,    a    wedge)     carti- 

lagcs,  52s 
Cupola,  449 

Cujmla  (a  vault)  terminalis,  4^5 
Cuspidate  (ctispis,  the  point  of  a  weapon) 

teeth,  546 
Cuticle  (dim.  of  cutis,  the  skin),  236 

of  enamel,  554,  560 
Cuticula  dentis,  j6o 
Cutis  vera  (true  skin),  239.    See  CoRiUM 

and  Skin 
Cuvier's  ducts,  872,  873 
Cystic  {kCotis,  a  bladder)  duct,  626,  634 


Dabtos  {Upros,  the  skin  of  scrotum)  683 

fibres  of,  135 
Docidua,  enclosure  of  ovum  in,  776 

formation  of,  776 

penetration  of,  by  chorionic  villi, 
780 

refiexa,  serotina,  and  vera,  777 

seimration  of,  at  birth,  786 

vascular  changes  in,  778 
Decussation  (dccuMO,  I  cut  cross-wise)  of 

pyramids,  289 
Deiters,  cells  of,  464 
Dental  arches,  544 

glands,  561 

groove,  555 

papillflB,  556 

pulp,  5)0 

Mc-  556.  557 
See  also  Teeth. 
Demonrs,  membrane  of,  397 
Dentine  [dUnSf  a  tooth)*  550 

formation  of,  558 

of  repair,  564 

secondary,  564 
Dentinal  tubules,  550 

sheath,  551 
Derma  (S/p^a,  skin),  239 
Dei-mic  coat  of  hair  follicle,  247 
Descemet,  membrane  of,  397 
Development  of  extra-embryonic  parts, 

763      . 
of  ovum  m  general,  747 

special  history  of,  763 
of  systems  and  oi^ji^s  of  embryo,  786 
of  the  scvttral  organs  and  tissues 
See  un<ler  these. 
Diaphragm,  develoi»ment  of,  882 
Dienccplialon  (8fa,  between;  ^Mcl^aXor, 

the  brain),  828 
Digestion,  organs  of,  544 
Digital  fossa  of  tunica  vaginalis  testis, 

6S4 
Diploe  (SirA<^r,  doable),  88 


Discus  proligeros  (proles,  progeny ;  gero, 

I  bear).  717,  718,  732 
Disdiaclasts    (8/f,     twice ;     hmicXdm,    J 

break),  127 
Diverticulum  (from  diverto,  I  turn  aside), 

of  ileum,  610 
Division  of  nucleus,  tabular  arrangement 

of  ]>hases  of,  16 
Dorsal  ridges,  749 
Douglas,  iioueh  of,  727 
Duct  or  Ducts,  of  Bartholin,  577 
biliary.    See  Bile-Ducts. 
of  Cuvier,  480,  872,  873 
cystic,  634 

of  Gaertner,  721,  906 
of  glands  in  general,  237 
hepato-cystic,  626 
nasal,  390 
of  Rivini,  577 
segmental,  891 
thoracic,  33,  204 
Ductus  arteriosus,  871,  875 
closure  of,  876 
cochlearis,  457 
communis  choledochus,  626 
venosus,  872,  875,  886 

fissure  of,  623 
vitello-intestinalis,  880 
Duodenum  {duodeni,  twelve ;  from  being 
twelve  fingers'  breadths  in  length). 
599,608 
connections  of,  609 
Dora  mater,  371 
nerves  of,  374 
relation  of,  to  cerebro*spi]ial  nerres^ 

372 
structure  of,  373 
Duvemey,  glands  of,  701 

Eab,  anatomy  of,  430 
development  of,  848 
external,  430 

internal,  446.    See  Labtbikth. 
middle,  434.     See  TrMPANUM. 
small  bones  of,  439 
Ear-wax,  434 
Ectoderm  {iKr6f,  without;  Up§ui,  §kin\ 

19,752 
Ectomero  {/itpot,  a  part),  19 
Ectostosis  (6<rr4oif,  a  bone),  105 
Ejaculatory  ducts,  696 
Elastic  fibres,  59 

transverse  strUtioii  of,  61 
tissue,  57 

arrangement  of  fibres  in,  6^ 

blooil-vesscls  of^  68 

cells  of,  67 

lymphatics  of,  68 

properties  and  distribatioa  U^ 

Elastb,  61 

Elements,  structural,  of  the  body,  2 

Embryo,  731,  note 

first  rudiments  o2^  786 
flexion  and  torsion  of,  Soa 
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Embryolofgr  {f/Apfvov,  an  embiyo ;  xSymf 

disconrsc),  731 
Embryonic  area,  756 

axis,  direction  of.  762 
Eminentia  cinerca,  291 

coUateralis,  339,  346 

papillaris,  438 
Enamol,  550,  555 

formation  of,  559 
Enamel-columns^  553 

cuticle,  554,  560 

gorm,  common,  555 
special,  556 

membrane,  560 

orgn»i|  559 
Encephalic  vesicles,  819,  823,  824 

parts  of  brain  fonneil  from,  828 
Encephalon  (^r,  in ;  irc^aX^,  the  head),  280 
blood  supply  of,  381 
development  of,  S23 
size  and  weight  of,  382 
specific  gravity  of,  3S4 

See  Ceueisuim,  Cerebellum, 
Medulla  and  Pons. 
End-bnlbs  of  ner\'cs,  round  and  cylin- 
drical, 161,  169,  243 
structure  of,  170 

relation  of,  to  Pacinian  and  tactile 
corimscles,  170 
Endocardium  {fyBoy,  within  ;  Kopiia,  the 

heart),  493,  500 
Endochondral  (x6ifipos,  cartilage)  bono, 

"3 
Endogenous  {ytpvdu,  I  produce)  formation 

of  cells,  15 
£ndolym^»h  {l>/mpha,  water),  449 
Endomysmm  (fivs,  muscle),  118 
Endoneurium  (vcOpoy,  nerve),  152 
End-organs,  tactile,  161 
Endostosis  (^(rTcoy,  a  bone),  105 
Endothelium  (07}X4,  pa])illa),  41 
End-plates,  motorial,  175 
Entoderm  {im6s,  within  ;  Htp/io,  skin). 


19.  75? 
lero  (fii 


Entomero  (/i4po7,  a  part),  19 
EiNirtcrial  branch  of  ri^^lit  bronchus,  511 
Epencephalon  (M,   on ;  iyic4<pa\o¥,   tho 

brain),  828 
Ependyma  (^vSiJjuo,  clothing)  of  ventricles 

of  brain,  302,  324 
Epiblast  {fi\asr6s,  a  germ),  19,  21,  750 
Epidermis  (Jtp/io,  the  skin),  236 

nerves  of,  238 

formation  and  growth  of,  238 

regenci-ation  of,  239 

structure  of,  237 
Epididymis  (JtJw/ioi,  a  testicle),  685 

canal  of,  692 

development  of.  907 

relation  of  Woltlian  body  to,  907 
Epiglottis,  525 

tubercle  or  cushion  of,  529 
Epincurium  (t^vpoy,  ner\'c),  151 
Sinotic  {M,  on ;  oZs,  ^ren.  wnJt,  the  ear) 
oentre  of  ossification,  810 


Epiphysis  cerebri,  831 

Epithelioid  (epithelium ;  cTJat.  fcm*  :."■. 

of  connective  tisaae,  66 
Epithelium  (iwl,  on  :  ^A^  |api]L.  v- 
cilintcd,  45,  25S 

distribution  and  use  of,  4S 
structure  of,  50,  25S 
columnar,  43 

striated  border  of,  44 
cvlindcr,  43 
ciassification  of,  42 
general  structure  of,  41 
glandular,  45 
nerve-filamiMits  in,  41 
nutrition  of,  21 
pavement,  43 
situations  of,  40 
scaly,  43 
8pheri>iila],  45 
strati ti Oil,  46 

distribution  of,  47 
tessellated,  43 
transit ioual,  47 

of  organs.    See  the  Various  Orjrir.^. 
Epoophoron  {iwi,  on  ;  M^r,  an  egg;9tfKy, 

I  bear),  906 
Ergot  {Fr.,  a  spur),  346 
Eustachian  tube  {ttiba,  a  trumpet),  43S 
development  of,  812,  S53 
valve,  484,  875 

development  of,  S65 
Eye,  anatomy  of,  385 
appendages  of,  38  5 
development  of,  84I 
globe  of,  390 
Eyeball,  390 

coats  of,  391 
Eyelashes,  38S 
Eyelids,  j8s 

development  of,  84S 
unstri])ed  muscle  of,  3S7 
Eye-teeth,  547 

Extra-embryonic  parts,  developmeat  oi, 
763 

Face,  development  of,  811 
Falciform  (/o/jr,  a  sickle  or  scythe)  llc> 
ment  of  liver,  623 

lobe  of  brain,  341 
Fallopian  tubes,  705,  713 

development  o^  905 

vessels  and  nerves  of,  720 
Falx  cerebelli,  373 

cerebri,  330,  373 
Fascia  (a  band),  56 

cremasteric,  6S2 

dentata,  340,  361 

infundibuliforin,  6S3 

inlercolumnar,  6S2 

propria,  6S3 

S[>ei'matic,  682 

transversalls,  68^ 
Fascine,  development  of,  S06 

structure  and  uses  of,  36 
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Fa'cicnloi,  inferior  longitudinal,  356 

uncinate,  356 
Fat,  abi*on>tion  of,  by  intestinal  villi,  604 
deposition  of,  in  cells,  8,  75 
development  of,  75 
distribution  of,  73 
Fauces  (the  throat),  544 
Fenestra  (a  window  or  opening)  ovalis, 
436 
rotuntla,  437 
Fenestrated  or  perforated  membrane,  60, 

186,  196 
Fibne  rectje  of  medulla  oblongata,  297 
Fibrin  (fhra,  a  nbi*)  of  blood,  23 
Fibre-cells,  contractile,  133 
Fibres,  arcifomi  or  arcuate,  287,  295,  297 
Fibres,  arrangement  of,  in  areolar  tissue, 
61 

in  elastic  tissue,  63 
in  fibrous  tissue,  62 
Fibres,  elastic,  59 
nucleoplasm  ic,  9 

in  cell  division,  11 
in  maturation  of  ovum,  17 
white,  59 
Fibrils  in  protoplasm,  4 
Fibro-cartilage,  82 

enumeration  of  different  forms  of, 

83 
Fibro-serous  membrane,  215 
Fibrous  cone,  354 

Fibrous  tissue,  arrangement  of  cells  in, 
66 
arrangement  of  fibres  in,  62 
blood-vessels  of,  68 
distribution  of,  56 
lymphatics  of,  68 
nerves  of,  68 
physical  properties  of,  56 
Fillet,  318 

of  corpus  callosum,  356 
Filum  terminale,  259,  263 
Fimbria  (a  fringe),  346,  348,  361 
Fimbriae  of  Fallopian  tube,  713 
Fissures  of  cerebellum,  306 

of  cerebrum,  calcarine,  338 
collateral,  339 
dentate,  338 
development  of,  836 
hippocamjuil,  338 
longitudinal,  great,  330 
parieto-occinital,  external,  333 

internal,  339 
relation  of,  to  cranial  sutures, 

341 
of  Sylvius,  331 

relation     of,    to     cranial 
sutures,  342 
transverse,  349 
See  also  Sulci  of  Brain. 
of  liver,  623 
of  lungs,  504 
of  medulla  oblongata,  28 1 
of  Santorini,  432 
of  spinal  cord,  264 


Flexures  of  colon,  615,  616 

cranial,  of  embryo,  802,  811 
Flocculus  (dim.   of  floceus,   a  flock  of 

wool),  307 
Foetus,  731.  note 
Folia  of  cerebellum,  306 
Folium  cacuruinis  (of  the  tip),  307 
Follicles  (folUculuSt  dim.  otfoUiSf  a  bag), 

234 
Fontana,  spaces  of,  398 
Foramen  cofcum  of  medulla  oblongata, 
281 

of  tongue,  565 
commune  anterius,  348 
of  Majendie,  290 
of  Monro,  322,  348 
ovale  of  heart,  483,  865,  874 
closure  of,  805,  877 
vestige  of,  487 
of  Win.vlow,  727 
Foramina  of  Thel)es)us,  484 
Forceps  major  of  corpus  callosum,  344, 

Fore- brain,  823,  832 

Fore-gut,  879 

Foreskin,  671 

Formatio  reticularis,  292,  296,  297 

Fornix  (an  arch  or  vault),  344,  347 

bulbs  of,  327 

development  of,  834 
Fornix  of  conjunctiva,  j85 
Fossa  (a  trench)  of  antihelix,  431 

of  gall  bladder,  622 

of  helix,  431 

navicular,  of  urethra,  680 
of  vulva,  699 

ovalis  of  heart,  4S3 

rhomboidalis,  290 

scaphoidea,  431 

triangularis,  431 

of  vena  cava,  623 
Fossae  on  liver,  622,  623 

nasal,  470 
Fovea  (a  pit)  centralis,  409,  420 

hemielliptica,  446 

hemispherica,  446 

inferior  of  fourth  ventricle,  291 

ovalis,  483 

superior  of  fourth  ventricle,  304  ^ 
Frsena  (pi.  of /rem mot,  a  bridle)  of  ileo- 
caecal  valve,  615 

of  lips,  J44 

synovial,  219 
Frtcnulum  piideudi,  699 

veli,  318 
Frsenum  epiglottidis,  565 

lingufe,  565 

of  prepuce,  671 
Fronto- nasal  plate,  811,  812 
Funiculus,  cuncate  (wedge-shaped  coid), 
287.  298 

gracilis,  287,  298 

lateral  cuncate,  287 

of  nerve,  150,  152 

of  Rolando,  287,  292,  29S 
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sdene,  394 

teres,  293 
Furrowed  band,  30S 

CrAEIlTNER,  duct  of,  721,  906 

Galactophorous    {yixa,  milk ;    ^opim^   1 

carry)  duct,  723 
Gall-bladder,  625 

development  ofi  885 

structure  of,  634 

varieties  of,  626 
Ganglia  (7^77X10^,  a  swelling),   general 
anatomy  of,  137,  155 

situations  of,  155 

structure  of,  i  S5 

connection    of    nerve-fibres    with, 

'S^     .  o 

on  artenes,  189 
Ganglia  of   cerebral  hemispheres,    351, 

353 
Ganglion,  basal  optic,  327 
of  habenula,  326 
spirale,  465 
Ganglion-cells,  145, 156.  Seetdso  Nerve- 
cells. 
connections    of    nerve-fibres   witli, 

157 
Ganglionic  columns  of  spinal  cord,  271    . 

layer  of  retina,  41 1 
Gastric    {yarr^p,  the  stomach)  glands, 

593 
Gastro-phrenic    (^r,    the   diaphragm) 

ligament,  727 
Gastro-pncumonic  [ww^futw,  the  lungs) 

mucous  membrane,  231 
Ghstro-splonic  (<nrX4y,   the  spleen)  liga- 
ment or  omentum,  727 
Gelatin,  84 

Generative  organs,  abnormal  forms  of, 
910 
development  of,  889,  897 
external,  development  of,  909 
corresjwnding  embrj'onal  and  per- 
manent parts  of,  911 
type  of  development  of,  91a    See 
also  Reproductive  Groans. 
Genital  cord,  897 

parts  formed  from,  911 
nerve-corpuscles,  164 
passages,   female,   development    of, 

male,  development  of,  906 

ridge,  804,  898 

parts  formed  from,  911 
Genito-urinary  aperture,  908 

mucous  membrane,  231 

oi^ns,  911 

development  of,  889 

external,  development  of,  895 
Geniculate  Iwdy,  inner,  319,  326 

outer,  324,  326 
Gonu  (Icnci)  of  corpus  cnllosum,  343 
Germ-epithelium,  S94.  898,  899,  901 

of  ovary,  716,  718 


Germinal  matter,  10 

membrane,  741,  747 
pole,  732 

spot  or  macula,  17,  732,  734 
vesicle,  17,  732,  734,  73S 
wall,  748 
Giant-cells,  115 
Gingivfie  (gumsX  544 
Giraldes,  organ  of,  694,  721,  908 
Gknds,  a^rminated,  605 
arterial,  197 
ofBartliolin,  701 
of  Bnmner,  605 
buccal.  544 
carotid,  197 
coccygeal,  197 
conglobate,  20S 
of  Duvemey,  701 
labial,  544 
lachrymal,  389 
lingual,  570 

l3rniphatic,  see  Lymphatic  Gla] 
Meibomiaii,  387 
molar,  544 
mucilaginous,  219 
palatine,  573 
parotid,  574 
of  Peyer,  605 

salivary,  574.  iSwSautaryGu 
sebaceous,  256 

secreting,  general  anatomy  of,  a 
acini  of,  228 
alveoli  of,  228 
cells  of,  223,  224 
compound,  226,  235 
racemose,  226,  227 
saccular,  226 
tubular,  226,  229 
ducts  of,  227,  229 
envelope  of,  229 
formation  of,  225 
forms  of,  226 
intercellular  canals  of,  228 
lobules  of,  227 
lymphatics  of,  229,  203 
nerves  of,  229 
resenroirs  of,  229 
simple,  226,  235 
solitary,  of  Roiall  intestine,  6o< 
submaxillary,  576 
sudoriferous,  252 
Glandula  lachiymaUs  inferior,  389 

socia  parotidis,  575 
Glandulfle  ceruminosK,  434 
odorifene,  671 
Pacchionii,  379 
Glans  (an  acorn)  clitoridis,  700 

penis,  671 
Glisson's  capsule,  625,  626 
Globus  major  and  minor  of  cpidklr 
686  *       ^ 

Glomenilus  (dim.  of  fflmntu,  a  chs 

thread)  of  kidney,  657 
Glosso-cpiglottic  (TA<^«m,  the  trmpm 
epiglottis)  folds  or  fraennla,  56. 


■  ■IVmiT..irQ    TTnTTTiiMbiJfci 


JOI- 


IXDEX   TO   TOLTJME   II. 


9» 


Glottis  {y\&Trtff  the  mouth-piece  of  a 

wind  instrument),  52S 
Glycogen  (7Xwcvf,  sweet ;  ytrrdm,  I  pro- 
duce) in  cartiloge-cclis,  78,  84 

in  liver-cells,  631 
Gohlet-cclls,  44,  232 
Goitre,  540 
Graafian  follicles,  716 

enclosure  of  ova  in,  903 

formation  of  wall  of,  903 

maturation  of,  731 

stnicture  of,  718 
Grandry,  corpuscles  of,  171 
Granular  cells  of  Graafian  follicle,  903 

layer  of  dentine,  553 
Granule  layer  of  cerebellum,  312 
Granules  in  protoplasm,  4 

streaming  movements  of,  6 
Gristle,  77.    Sec  Cartilage. 
Ground-plate  of  connective  tissue  cor- 
puscles, 65 
Ground-substance,  2 

of  connective  tissue,  58 
Gubemacular  (guberno,   I  guide)   cord, 

908 
Gubemaculum  testis,  898 
Gullet,  585.    See  (Esophagus. 
Gums,  544 

Gustatory  {gusto^  I  taste)  cells,  32S 
Gyri  {yvf^s,  a  ring)  of  brain,  333.      See 

Convolution. 
Gyrus,  angular,  337 

fomicatus  (arched  convolution),  340^ 
356 


Hjematoblasts  (oT/ao,  Mood  ;  ^Kaar6s,  a 
germ),  32 
development  of  red  corpuscles  from, 

Hsmm,  27 
Hsmoglobin,  26 

crystals  of,  27 
Haemoglobinometer,  27 
Hairs,  general  anatomy  of,  245 
cuticle  of,  246,  248 
development  of,  249 
distribution  of,  252 
ending  of  nerve-fibres  in,  249 
follicles  of,  247 
growth  of,  252 
medulla  or  pith  of,  246 
muscles  of,  249 
regeneration  of,  251 
root  of,  246 
stem  of,  245 

<;elis  in  semicircular  canals,  454 
n  cochlea,  462,  463 
ollicle,  247 
tapilla,  249 

'us  (dim.   of  hamiis,  a  hook)  of 
cochlea,  449 
ian  canals,  89 
formation  of,  112 
ges,  219 


Haversian — continued, 
lamellae,  96 
spaces,  95 
systems,  92 
Head,  development  of,  807 

morphology  of,  818 
Heart,  480 

apex  of,  488,  493 
atria  of,  482,  486 
auricles  of,  482 

cajMicity  of,  501 

development  of,  862,  864 

fibres  of,  494 

left,  486 

position  of,  491 

right,  482 

neptum  of,  483 
auricular  appendices  of,  482,  4S6 
blood-vessels  of,  498 
bone  of,  493 
capacity  of,  $01 
cavities  of,  482 

development  of,  855,  857,  861 
fibro-cartilage  of,  493 
fibrous  rings  of,  493 
fibrous  tissue  of,  493 
farrows  oC  482 
ganglia  of,  498,  499 
lining  membrane  of,  500 
lymphatics  of,  498 
margins  and  borders  of,  482 
muscular  fasciculi  of,  arrangement 

of,  494 
nerves  of,  498 
openings  of,  aortic,  489,  493 

auriculo-ventricular,   left,  487, 
489 
ri^ht,  484,  48< 
of  cardiac  veins,  484 
of  coronary  sinus,  484 
of  pulmonary  artery,  485 

veins,  487 
relations  of,  to  wall  of  thorax, 

tendinous  rings  of,  493 
position  of,  481,  491 
serous  coat  of,  480,  499 
size  and  weight  of,  500 
sinus  venosus  of,  482,  486 
structnro  of,  493,  498 
valves  of,  auriculo-ventricular,  lell^ 
489 
right,  485 

development  of,  866 

£ustachian,  484 

development  of,  865 

mitral  or  bicuspid,  489 

sigmoid  or  semilunar,  left,  489 
right,  486 

Thebesian,  484 

tricus)>id,  485 
veins  of,  484 
ventricles,  capacity  of,  501 

development  of^  862 

fibres  of,  tf^% 
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Hca**ty  ventricles  ot—cotUintud, 
left,  488 
position  of,  491,  493  • 

right,  485    „       _ 
septum  of,  485,  488 
vortex  of,  495 
Heat-rigor,  7 

Helicine  (tXi^  a  spiral)  arteries,  675 
Helicotrema  {rpiifui,  a  hole),  448 
Helix,  431 

Hemisphere  vesicle,  832 
Henle,  sheath  of,  in  nerves,  153 

fenestrated  membrane  of,  68,  186 
hepatic  {Ijirap,  the  liver)  artery,  624,  630 
cells,  631 
duct,  625 
lobules,  627 
veins,  625,  630 
Hepato-cystic  (^irop,  the  liver ;  tc^vris,  a 

bladder)  ducts,  626 
Hepato-gastric  omentum,  728 
Hepato-renal  ligament,  727 
Hilus  [hilum,  the  mark  or  scar  on  a  bean) 
of  kidney,  649 
of  lymphatic  glands,  210 
of  ovary,  714 
of  spleen,  639 
of  suprarenal  capsules,  643 
Hind-bram,  823 
Hind-gut,  882 

Hippocampus  (after   the    fish   of  that 
name)  migor,  345 
grey  matter  of,  346 
structure  of,  360 
mmor,  346,  347       .  ,      , 

Histogenesis  (laroSf  a  tissue  ;  ytmet,  I 
produce),  relation  of,  to  the  layers 
of  the  blastoderm,  21 
Histology,  I 
Holoblastic   (8Aoj,    whole;    fi\aurr6s,    a 

germ)  ova,  733 
Houston,  folds  of,  in  rectum,  619 
Howship,  pits  of,  in  bone,  115 
Hyaline  (wiAoy,  glass)  cartilage,  78 

coat  of  hair-follicle,  247 
Hyaloid  membrane,  422,  423 

development  of,  848 
Hydatids  of  Morgapjni,  686,  907 
Hymen  (v/x^*',  a  membrane),  701 

development  of,  909 
Hyoid  arch  of  cmbr}'o,  815 
Hyo-niandibular  cleft,  816 
Hypoblast  (wrd,  under  ;  ^KaxTT6s,  a  germ), 

19,  21,  751 
Hypophysis  {vw6,  under;  0^«,  I  grow) 

cerebri,  328,  831 
Hypospadias  (Jnr6,  under ;  (nre(«,  I  draw 
out),  910 


Ileo-cf^cal,  or  ileo-colic  valve,  614 
Ileum  {uK€<a,  I  roll),  599,  610.     See  In- 
testine, SMALL, 
diverticula  of,  610 
Imptcssio  colica,  622 


Impreasio— eon/tffutfd. 

duodenalis,  622 

renalis,  622 

vesicalis,  622 

suprarenalis,  622 
Incisor  teeth,  545,  549 

eruption  of,  560,  563 
Incremental  lines  of  dentine,  552 
Incus  (an  anvil),  440 

ligament  of,  442 

origin  of,  817 
InfundiDula  (funnels)  of  lungs,  5 

of  kidneys,  6c  i 
Infundibulum  of  brain,  322,  327 

of  heart,  485 
Infundibuliform  fascia,  683 
Inguinal  (tTi^ru^n,  the  groin)  cam 

pouches  of  peritoneum,  727 
Inter-brain,  830 
Intercellular  substance,  2 

of  connective  tissac 
Intercolumnar  fascia,  682 
Interglobular   spaces    in    dentil 

559 
Intermediate  cell-mass,  891 
Intestine,  large,  611 

areolar  or  submucous  coat  oi 

development  of,  881 

division  of,  611 

glands  of.  613 

length  and  extent  of,  611 

lymphoid  nodules  in,  613 

mucous  membrane  of,  613 

muscular  coat  of,  612 

serous  coat  of,  612 

structure  of,  612 

vessels  and  nerves  of,  614 
Intestine,  small,  599 

development  of,  881 

di>Tsions  of,  599 

epithelium  of,  43,  603 

elands  of,  604 

lacteals  of,  602,  607 

length  and  extent  of,  599 

lymphatics  of,  607 

Ijnnphoid  accumulations  in, 

movements  of,  600 

mucous  membrane  of,  600 

muscular  coat  of,  600 

nerves  of,  607 

serous  coat  of,  599 

stmcture  of,  599 

submucous  coat  of,  600 

valvule  conniventes  of,  6oo 

voRsels  of,  606 

villi  of,  601 
Intracellular  network,  4 
Intussusception  of  foreiijn  partic 
Investing  mass  of  Rnthkc,  807 
Iris  {Xptt^  a  rainbow),  404 

development  of,  848 

muscular  tissue  of,  406 

nerves  of,  407 

pigment  of,  406 

pillars  of,  397 
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Iris — continued. 

structure  of,  405 

vessels  of,  406 
Island  of  Reil,  333 
Isotropous  (<ffOTp<Hrof,  of  like  character) 

substance  in  muscle,  126 
Isthmus  of  Fallopian  tube,  713 

faucium,  544 

of  thyroid  body,  538 

uteri,  707 

VieuHsenii,  483 
Ivory  of  teeth,  550.    See  Dentine. 


Jacobson*8  OncAX,  475 

rudiments  of,  815 
Jaws,    changes    in,   during    growth    of 

teeth,  563 
.Tejunum  {jejunuSf  empty),  599,  610 
Joints,  development  of,  806 


Karyokinesis  (Kdpvdv,  a  kernel ;  icfn^nr, 

movement),  16 
Karyo-plasm,  9 
Kidneys,  647 

boundary  zone  of,  6^2 

blood-vessels  of,  656 

connections  of,  649 

•cortical  substance  of,  650 

development  of,  891,  896 

excretory  apparatus  of,  650 

Hbrous  coat  of,  649 

form  of,  649 

liilns  of,  649 

horse-sho(*,  649 

intcrtnbalar  stroma  of,  659 

labyrinth  of  cortex  of,  652 

literature  of,  659 

lobulation  of,  651 

lym])hatics  of,  659 

medullary  rays  of  cortex  of,  652 
substance  of,  650 

muscular  coat  of,  650 

ner>'es  of,  659 

pajiillrc  of,  650 

pelvis  of,  65 1 

position  of,  647 

pyramids  of  Malpighi  in,  650,  651 

size  and  weight  of,  648 

sinus  of,  650 

structure  of,  649 

supernumerary,  649 

tubules  of,  651 
course  of,  652 
^  structure  of,  654 

varieties  of,  649 
Krause's  membrane,  12S 


Labia  majora,  699 

development  of,  909 
minora,  701 
Labial  {labium,  the  lip)  glands,  544 


Labyrinth  (\afi6pip$os,  a  maze)  oracouff, 
446 

development  of,  850 

membranous,  449 
structure  of,  451 
Lachrymal  apparatus,  3S9 

canals,  390 

development  of,  848 

gland,  389 

sac,  390 
Lacteals,  general  anatomy  of,  33 

plexuses  of,  in  intestine,  607 

relation  to  villi,  602 
Lacuna  magna,  680 
Lacunse  in  bone,  90 

formation  of,  105 

in  crusta  petrosa,  554 
Lagena  of  cochlea,  853 
Lamelke  of  bone,  90 

apertures  in,  92 

decussating  fibres  of,  93 

structure  of,  92 
Lamina  cinerea  (grey  Uyer),  322,  329 

cribrosa  (sieve-like  i>late)  of  sclerotic, 

393 

elastic,  of  cornea,  397 

fusca,  401 

involuted  medullary,  361 

quadrigcmina,  315 

reticularis,  464 

spiral  osseous,  449 

suprachoroidea,  401 
Lanugo  (down),  251 
Larynx  {\dpuyi),  522 

aperture  of,  superior,  528 

cartilages  of,  522 

changes  in,  at  puberty,  525 

development  or,  8S7 

differences  in,  according  to  sex,  525 

interior  of,  ^28 

laryngoscopic  appearances  of,  529 

ligaments  and  jomts  of,  526 

mucous  mcmbiune  of,  536 

muscles  of,  531 

nerves  of,  538 

pouches  or  saccules  of,  528,  531 

ventricles  or  sinuses  of,  528,  531 

vessels  of,  538 
Lateral  plates  of  embryo,  793 

recifss  of  fourth  ventricle,  290 
Lnxator  tympani,  441 
I^ninis3us  (a  ribbon),  318 
Lens  (a  lentil)  crystalline,  425 

capsule  of,  428 

development  of,  847 

changes  in,  with  age,  428 

development  of,  841,  843,  8^6 

epithelium  of  capsule  of,  42S 

structure  of,  426 

suspensory  ligament  of,  42  \ 
Lienculi  (little  spleens),  639 
Ligament  66 
Ligamenta  subflava,  57 
Ligaments  of  bladder,  663,  664 

of  bones  of  ear,  441 

8  u  2 
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Ligaments — continued, 
broad  of  uterus,  710 
central  of  spinal  cord,  259,  263 
ciliary,  404 
coronary,  623 
costo-colic,  616,  727 
crico-arytenoid,  528 
crico-thyroid,  520 
falciform  of  liver,  ^23 
gastro-phrenic,  727 
gastro-splenic,  727 
hepato-renal,  727 

lateral  of  liver,  623 

of  ovary,  710 

palpebral,  387 

peritoneal,  589 

pleuro-colic,  616 

pubo-prostatic,  669 

round  of  liver,  623 
of  uterus,  710 

spiral,  456,  460 

suspensory  of  clitoris,  700 
of  crystalline  lens,  424 
of  diaphragm,  502 
of  liver,  623 
of  penis,  671 

thyro-arytenoid,  527 

tbyro-epiglottic,  525 

thyro-hyoid,  526 

of  uterus,  710 
Lignroentum  denticulatum,  378 

latum  pulmonis,  502 

nuchee,  57 

pectinatum  iridis,  398 

suspensorium  (of  bladder),  665 
Ligiila,  290,  304 

Limbs,  attitude  and  position  of,  during 
development,  804 

origin  and  formation  of,  802 
Limbus  of  spiral  lamina,  457 

luteus  of  retina,  409 
Limiting  membrane,  external,  of  Bnum, 

474  , 
Linea  splendens,  375 
Lingula,  306 
Lips,  544 

development  of,  813,  8x4 
Liquor  Cotimnii,  446 

foUiculi,  717 

Morgagni,  428 
Literature  of, 

alimentary  canal,   development   of, 

917 
blastoderm,  914 
blood-corpuscles,  39 
blood-vessels,  201 

development  of,  917 
bone,  117 
brain,  384 
cartilage,  S6 
cells,  22 

connecUvc  Ussvie,  72 
dcvolopmcTvl  vn  ^,<tYiCt^,  ^\i 

CRT,  476 


Literature  oT— continued, 

embryology,   general    relatiooB  \ 

epithelium,  54 

eye,  429 

Fallopian  tube,  714 

gravid  uterus,  decidua  and  placeni 

914 
hairs,  257 

head  and  face,  development  of,  9 
heart,  joi 

development  of,  917 
intestine,  small,  611 
kidney,  659 
larynx,  538 
hver,  634 

development  of,  917 
lungs,  «i 

development  of,  917 
lymphatic  system,  218 
malformations,  918 
mammary  gland,  725 
muscles,  136 
nails,  257 
nervous  tissue,  182 

system,    central,    developme 
of,  915 
oesophagus,  588 
ova,  dischart^e  of,  721 
ovaiT,  721 
ovum,  913 
pancreas,  917 
peripheral  nerves,  development  c 

916 
pituitary  body,  development  of,  9 
secreting  glan<ls,  230 
sense-organs,  development  of,  916 
skeleton,  trunk  and  limbs,  develo 

ment  of,  915 
skin,  257 
spinal  cord,  3S4 
spleen,  643 
stomach,  ^98 
suprarenal  body,  647 

development  of,  916 
synovial  membranes,  222 
teeth,  565 
testis,  699 
toncue,  573 
trachea,  521 
urethra  and  penis,  681 
urinary  bladder,  668 
urogenital  system,  development  ( 

907 
utero-gestation,  liuman,  914 
uterus,  714 
Littix',  glands  of,  6S0 
Liver,  620 

accessor}',  626 
cells  of,  631 
coats  of,  626 
development  of,  884 
ducts  of,  625 
\  ^iLcretory  api«iratus  of,  625 


INDEX   TO   VOLUME   II. 


933 


Liver — continued, 

fossse  on,  622,  62^ 
impressions  on,  622 
ligaments  of,  623 
lobes  of,  620,  622 
lobules  of,  627 
lymphatics  of,  633 
nerves  of,  625 
position  of,  623 
size  and  weight  of,  620 
Kpeciiic  gravity  of,  6:0 
structure  of,  626 
surfaces  of,  620,  621,  622 
varieties  of,  626 
vessels  of,  624,  62S 
Lobes  of  cerebellum,  306 

antero-superior,  307 

biventral,  307 

central,  306 

crescentie,  anterior,  307 
posterior,  307 

posterior  inferior,  307 

quadrate,  307 

slender,  307 
of  cerebrum, 

central,  333 

falciform,  341 

frontal,  334 

limbic,  340 

occipital,  337 

olfactory,  334 

parietal,  336 

temporo-sphenoidal,  338 
of  liver,  620,  622 
of  testis,  687 
Lobule  of  ear,  431 
Lobules  of  cerebrum,  cuneate,  339 
lingual,  340 
occipital,  339 
parietal,  336 
Quadrate,  339 
Lobmus  Spigelii,  622 
Locos  coenileus,  304 

I>crforatus  anticos,  330 
perforatus  posticus,  327 
Lungs,  503 

changes  in,  at  birth,  507 
colour  of,  506 
development  of,  8S7 
fissures  of,  504 
foetal  state  of,  507 
form  of,  503 
lobes  of,  504 
lobules  of,  518 
lymphatics  of,  520 
nerves  of,  521 
physical  properties  of,  506 
structure  of,  516 
surfaces  and  borders  of,  504 
vessels  of,  518,  520 
liUnula  (dim.  of  luna)  of  nails,  244 
Lunulse  of  Gianuzzi,  580 

of  semilunar  valves,  490 
Lymph  (lympha^  water),  33 
formation  of,  34 


Lymphatic  system,  general  anatomy  of, 
201 
development  of,  077 
ganglions,  208 
glands,  208 

blood-vessels  of,  213 
development  of,  877 
distribution  of,  209 
function  of,  213 
relation  of  lymphatic  vessels  to, 

213 
structure  of,  210 
hearts,  208 
nodules,  213 
tissue,  70 
vessels,  33,  201 

aifereut  and  eflcrent,  209 
anastomoses  of,  201 
capillary,  204 
coats  of,  203 

development  of,  208,  S77 
distribution  of,  201 
epithelium  of,  203,  204 
lacteal.      Sec  Lactsals. 
orifices  of,  216 
origin  of,  201 
lacunar,  203 
plexiform,  201 
in  serous  cavities,  203 
perivascular,  201 
relation  to  cell-spaces  of  coxineo- 

tive  tissue,  205 
structure  of,  203 
terminations  of,  207 
valves  of,  204 
vessels  of,  204 

of  various  organs  and  tissues. 
See  the  OaoAKS  and  TissuBS. 
Lymph-channel,  211 
Lymph-sinus,  211 
Lymph-spaces,  203 
Lymphoid  cells,  70 
cords,  211 
tissue,  70,  213 
Lyra,  348 


Hacitla  acustica,  450 

structure  of,  455 

germinativa  (germinal  spot),  734 

lutea  (vellow  spot),  409,  420 
Malleus  (a  nammer),  439 

lij^aments  of,  441 

origin  of,  817 
Malpighian  corpuscles  of  spleen,  642 

layer  of  skin,  237 

pyramids  of  kidnev,  650 
Mammary  (mamma^  the  breast)  glaud% 
721 

changes  in  epithelium  of,  723 

differences  according  to  sex,  724 

structure  of,  723 

varieties  of,  724 

vess^  and  nen^is  of,  724 
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Mammilla  (tho  nipple),  721 
Mandibular  {mandibiUa,  a  jaw)  arch  in 
embryo,  815 

plates,  81 1 
Mantle  of  hemisphere-vesicle,  832 
Mannbrinm  (handle)  of  the  malleus,  439 
Marginal  cells  of  salivary  glands,  580 
Margo    acutus   and   obtusus    of  heart, 

482 
Marrow,  98 

development  of  red  corpuscles  in, 

37 

foetal,  no 
Mastoid  cells,  437 
Matrix  of  cartilage,  78 

formation  of,  85 

of  elastic  cartilage,  82 

of  fibro-cartilage,  83 

nuclear,  9 

of  nails,  244 
Maxillary  plates,  811 
Meatus  auoitorius  extcmus,  433 

of  nose,  471 

urinarius,  701,  703 

venosus,  871 
MeckePs  cartilage,  817 
Mediastinum  {mediu9   the  middle ;  sto, 
I  stand),  477 

testis,  687 
Medulla  oblongata,  280 

anterior  area  of,  284 

anterior  columns  of,  289 

blood  supply  of,  381 

development  of,  823,  82^,  828 

external  characters  of,  280 

fissures  of,  281 

internal  structure  of,  291 

lateral  area  of,  284 

lateral  columns  of,  288 

limits  and  size  of,  281 

posterior  area  of,  284 

posterior  columns  of,  286 

pyramids  of,  289 

raphe  of,  297 
Medulla  spinalis  (spinal  marrow),  259 
MeduUarv  arteiy,  100 

canal  of  bone,  formation  of,   no, 

"3 

centre,  788 

of  cerebellum,  313 

of  cerebrum,  354 
groove,  789 
plates,  749,  789 
segments  in  nerve-fibres,  143 
sheath  of  nerve-fibres,  141 

chemical  composition  of,  144 

rod-like  and  reticular  structures 

in,  143 
spaces,  107 
stria,  326 

tube,  749,  790,  819 
velum,  superior,  304 
inferior,  305,  308 
Meibomian  elands,  387 
Mdsttner,  pkxua  of,  608 


Membrana  adamantinse,  560 
flaccida,  436 
fusca,  393 
granulosa  of  Graafian  follicles,  718, 

900,903 
limitans,  410,  419 
nictitans,  386 
propria,  70 

of  glands,  223,  229 
of  mucous  membranes,  232 
tympani,  435 

secondary,  437 
^lembranes  of  the  brain  and  spinal  cord, 

371 
mucous,  serous,  &c.     See  Mucous 
AND  Serous  Membranes. 
Meninges  {fnhviy^f  a  membrane),  371 
Meroblastic  {j^poSf  a  part ;  /SAaordi ,  germ) 
ova,  732 
segmentation  of,  745 
^lesencephalon  {lUcos,  middle ;  #yic^^aXor, 

the  brain),  826,  829 
Mesentery  (IrrfpoK,  intestine),  589,  725 

development  of,  880 
Mesoblast,  19,  21,  751 

Eblliker*s  views  on,  757 
origin  of,  753,  754 
Mesoblastic  somites,  792 
Mesocccum,  589,  614,  725 
Mesocolon,  5^  616,  725 
Mesoderm  (m^oy,  middle  ;    ScVfto,  skin), 

19.  752 
Mesonephros  (rr^p^f,  the  kidney),  890 
Mesorcnium  (tpx^f,  a  testicle),  683 
Mesorectum,  589,  618,  725 
Metanephros  (ismt^  behind  ;   r*fp6s,  the 
kidney),  890,  895 

parts  formed  from,  911 
Metencephalon,  828 
Meynert  s  views  of  the  relations  of  parts 

of  ner\'ous  system,  370 
Micro-millimeter,  467  noU 
Midbrain,  823,  829 
Midgut,  886 
Migratory  cells,  30 

of  connective  tissue,  66 

pigment  in,  77 
Milk,  724 

Milk-teeth,    549.       See    Tecth,    tem- 
porary. 
Mitral  valve,  489 

Modiolus  (the  nave  of  a  wheel),  448,  449 
Molar  glands,  544 

Molar  {mola,  a  mill)  tecth,  547,  549 
Molecular  base  of  chyle,  39 

movement  of  pigment  granules,  77 
Mons  veneris,  699 

development  of,  909 
Morsus  diaboli  (devil's  bite),  713 
Mouth,  544 

development  of,  813,  S83 
Mucigen,  225,  J79,  593 
Mucilaginous  glands,  219 
Mucin,  44,  69 
Mucin-cells  of  salivaiy  glands,  580 
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Mncons  alreoli  of  salivary  elands,  579 
Mucous  niombraue,  general  anatomy  ol^ 

attachment  of,  231 

basement  membrane  of,  232 

blood-vessels  of,  234 

connective  tissue  of,  233 

corium  of,  232,  233 

distribution  of,  231 

division  of,  231 

epithelium  of,  232.  See  EptTHELiUM. 

folds  and  valves  of,  231 

elands  of,  235.     Su  Glands. 

lymphatic  nodules  of,  213 

lymphatics  of,  234 

lymphoid  tissue  of,  234 

muscular  tissue  of,  232,  233 

nerves  of,  234 

papillse  of,  234 

physical  properties  of,  232 

structure  of,  232 

villi  of,  234 
Mucous  tissue,  69 
Mucus,  235 
MUller,  muscle  of,  388 
MuUerian  duct,  891,  894 

^arts  formed  from,  894,  897,  904 

hbres  in  retina,  418,  421 
^lulticuspidate  (multus,  many ;  euspis, 

a  point)  teeth,  548 
Multiplication  of  cells,  1 1 

endogenous,  15 
Muscle-colimins,  127 
^luscle-plates  in  embryo,  132,  798 
Muscle-piisms,  127 
Muscle-rods,  124 
Muscles,  arytcDoideus  obliquns,  536 

aryteno-epiglottidean,  536 

arytenoid,  536 

ciliary,  404 

compressor  urethne,  679 

corrugator  cutis  ani,  620 

crcmaster,  682 

crico-arytenoid,  lateral,  533 
posterior,  533 

crico-thyroid,  531 

detrusor  urinu?,  667 

ercctores  clitoridis,  700 

kerato-cricoid,  533 

linpual,  570,  J7I 

orbicularis  palpebrarum,  387 

of  pinna  of  ear,  432 

portio  ary-vocalis  of  thyro-epiglotti- 
dcus,  53S 

recto-coccygeal,  618 

sphincter/   See  Sphikcter. 

stapedius,  443 

sustcntator  tunics  mucosa*,  620 

tensor  tympani,  442 

thyro-arjTtenoid,  534 

thyro-epiglottidean,  535 
Bluscles,  development  of,  75S 

of  limbs,  origin  of,  806 
Muscular  tissue,  general  anatomy  of,  118 

involuntary,  133 


Muscular  tissue,  iuYoluniarj—continued, 
cardiac,  135 

nerves  of,  175 
pl*m,  133 

attachment  of,  134 
development  of,  135 
distribution  of,  134 
nerves  of,  135,  174 
voluntary,  118,  258 

appearances  of,  under  polarized 

light,  126 
bloixl-vesscls  of,  130 
changes  of,  iu  contraction,  125 
cleavage  into  disks,  122 
corpuscles  of,  123 
cross-stripes  of,  121 
development  of,  132 
fasciculi  of,  1 19 
fibres  of,  119 

branched,  120 
ending  of,  120,  130 
figure  and  measurement  0^ 

119 
structure  of,  120 
fibrils  of,  121 
growth  of,  132 
lacertiof,  118 
nerves  of,  131,  175 

termination  of,  175  4 

nuclei  of,  123 
optical  appearances,  121 
pile,  123 
red,  123 

vessels  in,  131 
sheath  of,  118 
views  ou  structure  of,  127 
Muscularis  mucosae,  232,  233 
Musculi  papillares,  485,  488,  495 
function  of,  486 
pectinati,  483,  4S6 
Musculi  pubo-vesicales,  666 
Myelin  [fiv9\6s,  marrow),  144 
Myeloplaxes,  100,  115 
Myocardium  (fiuf,  a  muscle ;  npHa,  the 

heart),  493 
Myolemma  {^dfjtfta,  a  husk  or  rind),  1 20 


Nails,  general  anatomy  of,  243 
formation  of,  245 
growth  of,  245 
lunula  of,  244 
matrix  of,  244 
structure  of,  244 
Nares  (nostrils),  anterior,  468 

posterior,  469 
Nasal  (nasust  the  nose)  duct,  390 
fosse,  470 

development  of,  812 
pits,  primary,  812 
processes,  external,  813 
Negro,  cause  of  colour  in  skin  of,  238 
Nerve  or  nerves,  an<litory,  451 

cochlear  division  of,  465 
origin  of  from  cerebrum,  367 
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yerre  or  Nerves,  nuJitory — continued, 
in  medulla  oblongata,  295 
yestibular  division  of,  451 
serebro-spinal,  general  anatomy  of, 

137 
arrangement  of  funiculi  in,  152 
construction  of,  150 
degeneration  of,  179 
development  of,  178,  8^6 
distribution  of,  to  glands,  229 
fibres  of.    See  Nerve-Fibres. 
lymphatics  of,  154 
origins  or  roots  of,  158,  275 
plexiform  arrangement  of,  154 
regeneration  of,  179 
relation  of  sympathetic  to,  153 
sheath  of,  150 
terminations  of,  159,  258 
in  cardiac  muscle,  175 
in  end-bulbs,  169 
in  involuntary  muscles,  174 
in    networks    or   terminal 

plexuses,  161,  173,  399 
in  Pacinian  bodies,  164 
in  tactile  cells,  161 
in    tactile    corpuscles    or 

touch  bodies,  162 
in  voluntary  muscles,  175 
vessels  of,  154 
cranial^  development  of,  837 

origins  of,  in  medulla  oblongata, 
294,  295,  363  et  seq. 
from  enccphalon,  363 
facial,  in  embryo,  837,  839 

origin  of,  from  cerebrum,  367 
fifth,  in  embryo,  837,  838 

origin  of,  ^65 
fourth  or  trochlear,  origin  of,  365 
glosso-pharyngcal,  in  embryo,  840 
origin  of,  from  brain,  368 

in  medulla  oblongata,  294 
hypoglossal,  in  embryo,  838 
origin  of,  369 

in  medulla  oblongata,  294 
of  limbs,  origin  of,  806 
olfectory,  in  embryo,  838 
distribution  of,  474 
origin  of,  363 
structure  of,  475 
optic,  in  embryo,  S46 
membranes  of,  378 
origin  of,  363 
pnenmogostric  or  vagus,  in  embryo, 
837,  840 
origin  of,  from  brain,  368 

in  medulla  oblongata,  294 
relation  of  meninges  to,  372,  375, 

sixth  or  abducent,  in  embryo,  838 
origin  of,  from  brain,  366 

spinal,  development  of,  8j6 

origin  of,  from  spinal  cord,  275 

spinal    accessory,    origin    of,    from 
brain,  369 
in  medulla  oblongata,  294 


Nerve  or  nerves — continued, 

sympathetic  or  ganglionic,  137 
development  of,  840 
rolaticn  to  cerebro-spinal  nervei^ 

structure  of,  145 

third  or  oculomotor,  origin  of,  3^ 
in  embryo,  830. 
Nerve-cells,  145 

of  cerebellum,  311 

of  cerebrum,  357,  358 

connection  with  fibres,  148 

distribution  and  sha2>e  of,  145 

in  ganglia,  156 

in  s])inal  cord,  271 

structure  of,  147 
Nerve-fibres,  125 

afferent  or  centripetal,  137 

arrangement  of,   in  nervous  cords, 

153 
connexion  with  cells,  148 
course  of^  in  nerve- trunks,  154 
dark-bordered  or  medullated,  139 
axis  cylinder  of,  140 
division  of,  157 
medullary  sheath  of,  141 
nuclei  of,  143,  144 
primitive  sheath  of,  144 
sheath  of  Schwann  of,  144 
white  substance  of,  141 
development  of,  178 
efferent  or  centrifugal,  137 
pale  or  non -medullated,  138,  145 
terminations.     See  Nerves,  Cjcrs- 

bro-Spinal. 
varicose,  139 
Nerve-glands,  840 

Nervous  networks  and  plexuses,  174 
substance,    btructural    elements   of, 

137 
Nervous    system,   general  anatomy   ot^ 

137 

descriptive  anatomy  of  central  organs 
.     of,  259 

development  of,  818 
Neural  centre,  788 

crest,  837 

tube,  790 
Neurilemma  {ptZpov^  a  nerve ;    XifA^uL,  a 
peel  or  skin)  of  nerves,  151 

of  spinal  cord,  375 
Neurenteric  canal,  759 
Neuro-epidermal  layer  of  blastoderm,  750 
Neurogha  {vtvpop^  a  nerve ;  7X(a,  glue), 

149,  270 
Neuroglia-cclls,  270 
Neuro-keratin  {ictpas,  horn),  271 
Nipple,  721,  722 

NcKies  and  internodes  of  Ranvier,  141 
Nodule  (dim.  of  nodics,  a  knot)  of  cex«- 

bollum,  308 
Nodulus  Arantii,  490 
Nose,  468 

cartilages  of,  469 

development  of,  812,  854 
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fossiii  or  cavities  of,  470 
meatus  of,  471 
mucous  membrane  of,  471 
olfactory  region  of,  473 
vessels  of,  476 
Notch  of  Kiviui.  436 
Notochonl  (vwToj,    the  back ;   x^P^t  * 

string),  749,  790,  796 
Nuclear  fluid,  9 

matrix,  9 
Nuclei  {nuciniSf  a  kernel)  of  blood-cor- 
pusclcH,  24 
of  cartihige  cells,  78 
of  cells,  in  general,  3,  8 
chemical  naturo  of,  10 
hyaloid  zone  of,  10 
structure  of,  9,  257 
of  colourless  blood  cor|)Uscle8,  31 
of  connective  tissue  corpuscles,  65 
division  of,  12,  257 
of  e]>ithelial  cells,  42 
of  fat  cells,  74 
of  muscle,  123 
of  nerve-fibres,  143,  144 
of  origin  of  nerves,  158 
pontis,  300 

of  su{>erficial  arcuato  fibres,  297 
Nucleolus  (dim.  of  nucleus),  9 
Nucleo-plasm  (nuc/ri^,  a  kernel ;  wXdffaf, 

1  form),  9 
Nucleus  amygdalae   {amygdala,    an   al- 
mond), 353 
of  auditor^'   nerve,   accessoiy,  303, 
368 
inner  or  principal,  295,  302,  367 
outer  or  sui»crior,  303,  368 
caudatus,  351,  353 
emboliformis,  310,  313 
fastigii,  310,  313 
of  facial  nerve,  302,  367 
of  fifth  nerve.  Inferior  sensory,  366 
motor,  302,  366 
superior  sensory,  302,  315,  366 
of  fourth  nerve,  315,  365 
globosus,  310,  313 
of  glosso-pharyngeal  nerve,  294,  368 
hypoglosil  nerve,  294,  369,  370 
lateralis  of  medulla  oblongata,  292 
lenticularis,  351,  353 
of  olivary  body,  295 
of  optic  tluilamus,  anterior,  325 

outer,  325 
of  pneumogastric  nerve,  368 
red,  318 

of  sixth  nerve,  315,  365 
of  spinal  accessory,  369 
superior  olivary,  301 
of  te^entum,  318 
of  third  nerve,  315,  364 
Nutrition  of  cells,  relation  to  secretion 
of,  224 
use  of  fat  in,  76 
Ntinphff,  700 

development  of,  909 


Obex  (a  bar),  290 

Oblique  vein  of  the  heart,  484 

Ocular  vesicle,  primary,  823,  841 

secondary,  844 
Odontoblast  {oSovs,  gen.  696rTOf,  a  tooth, 

fi\aa-r6s,  a  gemri),  550 
Q5coid  [oIkos,  a  hoase),  28 
(Esophagus  (offitf  or  oKcrw,  obs.    =  ^^t 
I  bear  ;  <t>oy*iy,  to  eat),  585 
coats  of,  sS6 
development  of,  879 
glands  of,  587 
structure  of,  586 
vessels  and  nerves  of,  587 
Olfactory  cells,  473 
lobes,  334 

fonnation  of,  361 
development  of,  835 
structure  of,  361,  362 
mucous  membrane,  473 
nerve,  distribution  of,  474 

structure  of,  475 
pits,  primary,  812 
Olivary  {oUvaf  an  olive)  body,  288 
capsule  of,  289 
development  of,  832 
nucleus  of,  295 
nucleus,  295 
peduncle,  295 
Omenta,  589,  727 

Omentum,  gastro-colic  or  great,  730 
gastro-splenic,  639,  727 
hepato-gastric  or  lesser,  728 
Omphalo-mesenteric  {ifi^aXiw,  the  navel ; 
ti4aos,  middle  ;  impor,  the  bowel) 
veins,  871 
vessels,  763 
Operculum  (covering,  or  lid)  of  insula, 

331 
Opisthotic  {fiwioBw^  behind  ;  oZt  ^  «r^, 
the    ear)    centre    of  ossification, 
810 
Optic  commissure,  328,  363 
cup,  842,  844 
nerve,  development  of,  846 
origin  of,  363 

relations  of  meninges  to,  378 
thalami,  324,  344 

blood  supply  of,  381 
development  of,  831 
tract,  363 

development  of,  831 
vesicle,  primary,  823,  841 
secondary,  844 
Ora  serrata  (serrated  border),  408,  420 
Organon  adamantins,  559 
Os  cordis,  493 

orbiculare  seu  lenticulare,  440 
tincse,  706 
uteri  externum,  706 
nteri  internum,  707 
Osier's  phenomenon,  32 
Osseous  matter,  primary  and  sccondaiy, 
no 
tissue,  87.    See  Bone. 
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Ossicula  auditds,  439 
OasificatioD,  loi 

in  cartilage,  105 

in  membrane,  102 

snbperiosteal,  112 
Osteoblasts  {6ffr^y,  a  bone ;  fi\uor6s,  a 

germ),  104 
Osteoclasts  {kXJm,   I  bi-eak),  iii,    115, 

562 
Osteodentine  {dm$,  a  tooth),  564 
Osteogen  {ytpvdu,  I  produce),  103 
Osteoporosis  (v^/ior,  a  pore),  113 
Ostium  abdominals  of  Fallopian  tube, 

713 

uteri,  707 

uterinum  of  Fallopian  tube,  707,  713 
Otic  vesicle,  primary,  848 
Otoconia  {oZt  gen.  ttrSs,  an  ear;   Koyla, 

sand),  450 
Otoliths  {KiSos,  a  stone),  450,  455 
Ovaries  {ovum,  an  egg),  714 

development  of,  894,  898 

ligaments  of,  710 

nerves  of,  720 

size,  weight,  and  position  of,  714 

structure  of,  716 

vessels  f*f,  720 
Oviducts,  71 J 
Uvula  Nobothi,  710 
Ovum,  731 

development  of,  in  general,  747 
progressive,  903 
special  history  of,  763 

enclosure  of,   in  Graafian  follicles^ 

903 

in  uterine  decidua,  776 
fecundation  of,  18,  739 
formation  of,  900 
holoblastic,  733 
human,  early  stages  of,  771 
mammalian,  733 

cell-nature  of,  16 
maturation  of,  17,  735 
membranes  of,  763 
meroblastic,  732 

segmentation  of,  745 
ovarian,  731 

production  of  embryonic  cells  in,  18 
segmentation  of,  741 

in  animals,  741 

in  mammals,  743 
segmentation  cavity  of,  742 
separation  of,  from  ovary,  738 
Oxyntic  (^I^T,  acid)  cells,  596 
glands,  594 


Pacinian  bodies,  161,  164 
development  of,  169 
distribution  of,  165 
ending  of  nervc-fibrcs  in,  168 
function  of,  169 
relation  oi  \>mA\ci\m\im  U\  \^t 
in  the  &kin,  243 
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ttmcture  of,  165 

vessels  of,  169 
Palate,  573 

glands  of,  574 
PalnuB  plicatte,  7C7 
Palpebno  {palpAm,  an  eyelid),  385 
Pancreas  (my,  all ;  icpiat,  flesh),  634 

development  of,  886 

duct  of,  637 

head  and  tail  of,  634 

lesser,  363,  note 

I>osition  ot,  634 

size  and  weight  of,  635 

structure  of,  637 

surfaces  of,  635,  636 

varieties  of,  637 

vessels  aod  nerves  of,  637 
Paimicnlus  (a  garment)  adiposus,  230 
Papilla  foliata,  568 

lachrymalis,  385 
PapillsB,  circumvallate,  566 

conical,  568 

dental,  556 

filiform,  569 

fungiform,  568 

of  mucous  membranes,  234 

of  skin,  241,  243 

of  tongue,  365 
Parachordu  {irapd,  near  ;  x^^pH,  a  string, 
viz.,    the    notochorii)    cartilages, 
807 
Parenchymal  {np4yxviui,  interstitial  in- 
fusion) tissue,  55 
Parepididymis  (vapd,  near;  epididymis), 

694 
Parietal  wall  of  embryo,  751 
Paroophoron  (wapd,  near ;   uo^pos,  bear- 
ing eggs),  901 
Parostosis,  105 
Parotid  gland,  574 

connections  of,  575 

duct  of,  576 

position  of,  574 

vessels  and  nerves  of,  576 
Parovarium  (irofw,  near ;  omrium,  ovarv), 

720 
Pars  ciliaris  retinse,  40S,  420 

intermedia  of  vulva,  702 
Peduncles  of  cerebellum,  299,  310,  313 

of  cerebrum,  316 

of  corpus  callosum,  330 

of  pineal  gland,  326,  348 
Penis,  671 

development  of,  909 

form  and  attachments  of,  67 1 

glands  of,  671 

integument  of,  671 

ligament,  sus^onsory  of,  671 

lymphatics  of,  676 

nerves  of,  672,  676 

vessels  of,  672,  674,  676 
Peptic  cells,  596 
"^vx'L'aw.tftd-  s\Mice,  anterior,  330 
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Perforating  fibrei  in  bone,  94 

in  cement,  554 
rericardinm  (vtp^    about ;   Kopiia,  the 
heart),  478 
development  of,  85S 
cardiac,  499 

vestipal  fold  of,  480,  874 
Perichondrium    («-<p(,    aboat;    x^P^t 

cartilage),  78 
Perilymph,  446 

Perilymphangeal  (cr>7cii9r,  a  veatel)  no- 
dules), 213 
Perimysium  (fivs,  a  muscle),  118 
Perimeum,  development  of,  909 
Perineurium  (rcu^y,  a  nerve),  151 
Periosteum  (irriop^  a  boue),  98 
Peristaltic    (««pi(rr«AAM,    I   constrict   or 
narrow)  movement  of  intestines, 
600 
Peritoneum  (vc^,  about ;  rtl^u,  I  stretch), 

58S»  725  ^ 

contiuuity  of,  tnice«l,  725 

formation  of  folds  of,  882 
Perivascular  lymphatics,  201 
of  spleen,  643 

sheath,  375 
Perivitelline  [viiellujt,  yolk)  space,  17 
Pes  (foot)  accessorius,  346 

hippocampi,  345 

pedunculi,  315,  316 
Peyer's  glands,  605 

patches,  606 
Phar}ugeal  tubercle,  583.    {See  Vol.  I.) 
Phar}'nx  (^uv^,  583 

attachments  of,  583 

development  of,  879 

mucous  membrane  and  glands  of, 
584 
Wa  mater,  371,  375 
Pigment,  76 

deposition  of,  in  cells,  8 

distribution  of,  76 

in  the  skin,  238 
Pigment-cells,  76 

Pigment-molecules,  movements  of,  77 
Pineal    {pinea,    a    pine-cone)    body   or 
gland,  326 

development  of,  830^  831 
Pinna  (a  feather),  431 

development  of,  854 

ligaments  of,  432 

muscles  of,  432 

structure  of,  431 

vessels  and  nen'es  of,  433 
Pit  of  stomach,  590 

Htuitary  {vUuitaj    phlegm   or   mucns) 
body,  328 
development  ot,  328,  825,  831 

membrane  of  nose,  471 
Placenta  (vAoxovf,  gen.  vAcucovrror,  %  flat 
cake), 

circulation  in,  785 

development  of,  early,  779 

relation  of  foetal  and  maternal  ele- 
ments in,  784 


Placenta — contUiietL 

relation  of  uterine  glands  to,  785 

structure  of,  782 
Placentation,  779 
Plasma  {vxAffaw,  I  form)  of  blood,  23 

of  lymph,  33 
Plasma-cells,  65 
Pleurte  (vXcvpcl,  a  rib  or  side),  502 

development  of,  886 

extent  and  limits  of,  502 

structure  of,  503 
Pleuro-peritoneal  space,  793 
Plexus  of  lymphatic  vessels,  201 

of  nerves,  154 

Auerbach*8,  60S 
Meissner's,  608 
myentericus  (fwf,  muscle  ;  lirre- 

pov,  intestine),  174,  608 
tympanic,  445 

of  veins,  hiemorrhoidal,  619 

pampiniform  {pamjrinuMf  a  ten- 
dril), 697,  720 
vaginal,  705 
Plexuses,  termination  of  nerves  in,  161 
Plica  gubematrix  (guiding  fold),  907, 908 

semilunaris  of  eyelid,  385 
Polar  globules,  17 

extrusion  of,  736 
Pomum  Adami  (Adam's  apple),  522 
Pons  (brid(i|e)  hepatis,  623 

Varolii,  299 

blood  supply  of,  381 

development  of,  829 

grey  matter  of,  300 
Porta  hepatis,  624 
Portal  canals,  62S 

vein,  624,  628 
Portio  dura,  367 

mollis,  367 
Poms  opticus,  409 
Postoral  {post,   bi'liind ;   o«,    oriSf    the 

mouth)  visceral  arches,  808,  815 
Precuneus,  339 
l^molars,  547 
Preoral  {prte,  before ;   off,  the    month} 

yisceral  arches,  808 
Prepuce  (prctputium^  foreskin),  671,  700 

development  of,  910 
Prickle-cells,  47,  237 
Primitive  fibrillae  of  nerves,  141 

groove,  748,  787 

sheath  of  nerve-fibres,  144 

streak  or  trace  of  embryo,  748,  787 
Primordial  {primus,  first ;  ordior,  I  begin) 
kidney,  889 

ova,  900 

vertebras,  792 
Principal  cephalic  flexure    of  embryo^ 
802 

disk  in  muscle-fibres,  128 
Procerebrum  {pro,  fore ;  cerebrum,  brain), 

826 
Processus  brevis  vel  obtusns,  440 

gracilis,  440 

orbicnlaris,  440 


/ 
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Processus  reticularis,  266 

vamnalis  peritonei,  OS^ 
ProctodiBum,  884 
Promontory  of  tympanum,  437 
Pronephros  (wpb,    before;    tf*4>p6s,    the 

kidney)  890,  894 
Pronucleus,  female,  18 

formation  of,  736 
male,  18 

formation  of,  739 
Pronuclei,   female  and  male,  fusion  of, 

740 
Pfodtic  {vphy  before  ;  oh,  gen.  «tJj,  tlie 

ear)  centre  of  ossification,  810 
Prosencephalon  (vp^y,  before  ;  tyicd^aKop, 

the  brain),  826,  832 
Prostate  {irp6,   before ;  Xarfyju,  I  place) 
gland,  669 
anterior,  681 
lobes  of,  669,  670 
secretion,  670 

shape,  size  and  position  of,  669 
structure  of,  670 
vessels  and  nerves,  670 
Protoplasm   (irpuTos,    first;    v\dff<rt,    I 
form)  of  cells,  3 
chemical  and  other  changes  occurring 

in,  8 
constitution  of,  3 
contraction  of,  5 
effect  of  electric  and  other  stimuli 

on,  7 
fibrils  of,  4 
granules,  in,  4 
reaction  of,  4 
vacuoles  in,  3 
Protovertebrae  {irpurof,  first ;  vertebrae), 
792 
cleavage  of,  793 
Protovertebral  columns,  793 

somites,  792 
Pseudopodia  {^wHs,  false ;  iroit,   gen. 

wo^6s,  a  foot),  5 
Psendostomata  {ariyuoi^  a  mouth),  2x6 
Pudendum,  699 
Pulmonary  artery.     See  Aute UY. 

veins.  See  Veins. 
Pulp-cavity  of  teeth,  550 
Pulvinar  (a  cushion),  324 
Punctum  lachrymale,  385 
Pupil  of  the  eye,  404,  405 
i*upillary  membrane,  847 
Purkinje,  cells  of,  312 

fibres  of,  500 
Pyloric  glands,  (;94 
Pylorus  (jri;A»/)Jr,   a  gate-keeper),  589, 

598 
Pyramidal  nuclei  of  medulla  oblongata, 
295 
tract  of  spinal  cord,  277,  298 
Pyramid  in  ci-rebellum,  307 
of  thyroid  body,  538 
in  tyiupanuni,  438 
Pyramids  of  medulla  oblongata,  anterior, 
289 


I^ramids  of  medulla  oblongata — 
conJ.inucd, 
decussation  of,  289 
development  o(  829 
posterior,  287 
of  kidney,  ^lalpighi's,  650, 652 


Racemose  {raoemua,  a  cluster  of  grapes 

glands,  226,  227 
Ranvier,  constricting  band  of,  142 

nodes  of,  141 
Raphe  (^a^,  a  seam)  of  corpus  callosunt 
342 
of  medulla  oblongata,  297 
of  scrotum,  682 
of  tongue,  565 
Recessus  labyrinthi,  849 
Recto-uterine  folds,  710 
Recto-vaginal  pouch,  727 
Recto-vesical  pouch,  664,  725 
Rectum  {intestinum  rectum,  the  straight 
intestine),  611,  616 
columns  of,  619 
connections  of,  618 
len^hof,  617 
position  and  course  of,  616 
vessels  and  nerves  of,  619 
Regeneration  of  textures,  22.     See  alec 

the  various  Tissues. 
Reissuer,  membrane  of,  457,  4C9 
Renes  succenturiati  (rcser\'e  kidneys),  643 
Reproductive  organs,  external,  devcloj*- 
ment  of,  90S 
development  of,  889,  897 
female,  699 
male,  668 
Respiration,  organs  of,  502 
Restiform  {reetis,  a  rone)  bodies,  2S7 

development  of,  829 
Rete  mirabile,  184 
mucosum,  237 
vasculosum  te^itis,  691 
Reticular  lamina  of  cochlea,  462 

tissue,  70 
Reticulum  of  nervous  centres,  149 
Retina  (rete,  a  net),  40S 
ciliary  part  of,  408,  420 
colour  of,  408,  417 
development  of,  841,  845,  846 
layers  of,  409 

ganglionic,  411 
molecular,  inuer,  412 

outer,  413 
of  nerve-fibres,  411 
nuclear,  inner,  412 

outer,  414 
pigmentiry,  417 
of  rods  and  cones,  416 
microscopic  structure  of,  409 
sustentacular  tissue  of,  419 
vessels  of,  421 
Retinacula  (restraining  bands)  of   ileo 

ca.*cal  valve,  615 
Retinal  purple,  408,  417,  418 
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Kibs,  development  of,  79S 
Rima  (cleft)  glottidis,  528,  530 

of  pudendum,  699 
Rod-fibres  of  retina,  414 
Rod-granules  of  retina,  415 
Rods  of  Corti  in  ear,  461,  462 

of  retina,  416 
Root-shoatli  of  hair,  248 
Rosenmliller,  organ  of,  720,  906 
Rostrum  of  corpus  ciillosiim,  343 
Ruga'  (wrinkles)  of  bladder,  665 

of  mucous  membrane,  231 

of  stomach,  593 

of  vagina,  704 

Saccular  (saccultiSf  a  little  bag)  gUmds, 

226 
Saccule  of  vestibule,  450 
stmcturo  of,  453 

of  larynx,  KzS,  531 
f>acculu8,  vesical,  6C7 
Saccus  cndolymphaticus,  451 
Salivary  glands,  574 

changes  in  cells  of,  during  activity, 
580,  581 

ducts  of,  stmcturo  of,  582 

structure  of,  578 

vessels  and  ner\'es  of,  583 
Sautorini,  cartilages  of,  524 

fissures  of,  432 
Sarcolemma  {(rdp^,  flesh ;  A/fi/ta,  a  husk), 

120,  258 
Sarcous  elements,  122 
Satellite  (satcUcs,  an  attendant)  veins,  189 
Scalre  (jtcala,  a  stair)  of  cochlea,  448,  449 
Scarf-skin,  236 
Schlemm,  canal  of,  399 
Schneiderian  membrane,  471 
Schreger's  lines,  551 
Schwann,  sheath  of,  144 

white  substance  of,  141 
Sclerotic  (<ricAi;p<Jj,  hard)  coat  of  eye,  391 

development  of,  847 

structure  of,  393 
Scrotum  (a  skin),  682 

development  of,  909,  910 

vessels  and  nen'cs  of,  684 
Sebaceous  {sebum,  suet)  glands,  256 
Secreting  apparatus,  225 

cells,  223 

fringes,  226 

glands,    231.      See  aleo   Glands, 
Secretinc;. 

membrane,  22; 

surface,  modifications   in  form  of, 
226 
Secretion,  223,  225 

cell-agency  in,  224 

mechanism  of  discharge  of,  230 
Segmental  duct,  891 

oigans,  890 

origin  and  formation  of,  891 

tubes,  892,  899 
Segmentation  of  fecundated  ovum,  741 

cavity  of  ovum,  742 


ScgmentsLtiou— continued, 

of  protovertebroe,  793 

spheres  of  ovum,  744 
Semen,  697 
Semicircular  canals,  446 

development  of,  850 

membranous,  451 
Semilunar  valves,  486, 4S9 
Seminal  ducts,  696 

granules,  697 

tubules,  687 

vesicles,  695 
Senses,  organs  of,  385 

development  of,  841 
Sensory  terminal  organs,  162 
Septula  renum,  650 
Sex>tum  (a  partition)  of  heart,  483,  485 

lucidum,  344,  347 

nasi,  468 

cartilage  of,  470 

pectiniforme  (comb-like),  673 

posticum  of  spinal  cord,  377 

scroti,  682 

of  tongue,  565 

tronsversum  of  semicircular  canaLi, 

453 
Serous  alveoli  of  salivary  glands,  579,  58U 
Serous  membranes,  genend  anatomy  of, 
214 

apertures  in,  203,  216 

blood-vessels  of,  218 

epithelial  lining  of,  215 

form  and  arrangement  of,  215 

Ij-mphatic  no<lules  of,  213,  218 

lymphatics  of,  218 

nerves  of,  218 

structure  and  properties  of,  215 
Serum  of  blood,  2^ 
Sesamoid  (resembling  the  fmit  of  the 

Sesame)  fibro-K^rtilagcs,  83 
Sharpey,  fibres  of,  94 

primary  and  secondary  araolss  of, 
107 
Sigmoid  (like  the  letter  <rlyt»a)  flexure  of 
colon,  616 

valves,  aortic,  489 
pulmonar>*,  486 
Siliqua  (capsule)  olivje,  289  ^ 
Sinus  (a  hollow)  circularis  iridis,  390 

coronary  of  heart,  484,  874 

of  kidney,  650 

pocularis  (cup-like),  678 

prostatic,  678 

urogenitalis,  897,  909 

parts  formed  from,  911 

venosus,  482,  486 

of  vestibule,  common,  450 
Sinuses,  utcro-placental,  785 

of  Valsalva,  490 

venous,  in  skull,  373 

of  veins,  192 
Skeleton,  development  of,  794 
Skin,  general  anatomy  of,  236 

blood-vessels  of,  242 

cuticle  of,  236.    Sec  also  Epidebmu. 
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Skin— continued, 

development  of,  So6 

elands  of,  252 

lymphatics  o^  242 

Kalpighian  layer  of,  237 

muscular  tissue  in,  240,  249 

nerves  of,  23S,  242 

papillffi  of,  241 

stratum  Incidum  of,  237 

thickness  of,  236,  240 
Solitary  glands,  213 

of  small  iutcstiuo,  605 
Somatic  wall  of  embryo,  7JI 
Somato^leore  (ffSiutf  the  body ;  wXtupd^ 

side),  751 
Space,  perforated,  anterior,  330 

posterior,  322,  327 
Spermatic  cord,  composition  of,  6S1 

coverings  of,  682 

vessels  and  nerves  of,  684 
Spermatic  fascia,  682 

filaments,  697 
Spermatoblasts  (air4p/M,  seed  ;  $\wrr6s,  a 

germ),  689 
Spermatozoa    (airtpfui,    seed;    (Soi^,    an 
animal),  697 

development  of,  687,  688,  689,  698 

eifect  of,  on  maturation  of  ovum,  18, 

739      .        ,  . 
introduction  of,  into  ovum,    39 
motion  of,  698 
5?j>liinctei  (<r^77«,  I  bind)  of  anus,  in- 
ternal, 619 
of  bladder,  667 
of  larynx,  536 
of  pupil,  406 
vaginte.  461 
vesicflfc,  425 
Spina  tymimnica  major,  441 
Spinal  cord,  descriptive  anatomy  of,  259 
blood  supply  of,  38c 
central  canal  of,  268,  275 
ligament  of,  259,  263 
columns  or  tracts  of,  277 
an tero- lateral,  268,  277 
continuation  of,  in  medulla  ob- 
longata, 298 
direct  lateral  cerebellar,  278 
ganglionic  or  vesicular,  271 
Goll's,  279 

jw.sterior  white,  268,  279 
principal    of  anterior  column, 
279 
commissures  of,  265,  274 
connective  tissue  of,  268,  270 
course  of  nerve  fibres  in,  277 
development  of,  820 
enlargements  of,  262 
extenial  form  of,  262 
fibres  of,  277 
fissures  of,  264 
grey  matter  of,  266 

arrangement  of  nerve-cells  in, 
271 
internal  stru-ture  of,  266 


Spinal  cord — eatUinit^. 

ligameDts  of,  263,  378 

lymphatics  of,  382 

membranes  of,  371 

microscopic  structure  of,  269 

origin  of  nerves  from,  275 

relative  proportion  of  grey  and  wliii 
matter  in,  267,  269 

size  of,  259,  262 

terminal  filament  of,  263 

weight  ot  384 

white  matter  of,  268 
Spiral  groove,  457 

ligament,  456,  460 
Splanchnic  (airxdyxya^  entrails)  wall  o 

embryo,  751 
Splanchno  •  pleure     (wKivpd,      a     side) 

751 
Splanchnology (ffTrXdt7x»«. entrails;  x6yos 

a  discourse),  259 
Spleen,  639 

accessory,  639 

blood-vei»els  of,  641 

coats  of^  640 

corpuscles  of,  642 

development  of,  877 

liilus  or  fissure  of,  639 

lymphatics  of,  64^ 

modifications  of  blood  in,  643 

nerves  of,  O43 

position  of,  639 

pulp  of,  641 

size  and  weight  of,  639 

structure  of,  639 
Splenculi  (little  spleens),  639 
Splenic  artery,  641 

flexure  of  colon,  616 
Spleniam  {<ni\,iylo¥f  a  i>ad)  of  corpus  cal- 

losum,  343 
Stapes  (a  stirrup),  440 
Stapedius,  443 
Stenson's  duct,  576 
Stenium,  development  of,  798 
Stigma  in  ovary,  719 
Stigmata  of  blood  capillaries,  194 
Stomach,  589 

connections  of,  590 

culs-dc-sac  of,  589 

development  of,  S79 

dimensions  of,  590 

distension,  effect  uf,  on  position  of, 
590 

epithelium  of,  593 

fundus  of,  589 

glands  of  593 

changes    in    cells    of,    during 
activity,  596 

lymphatics  of,  597 

lymphoid  tissue  in,  596 

mucous  membrane  of,  591 

musi'ular  ctwit  of,  591 

nerves  of,  59S 

position  of,  589 

pylorus,  589,  59S 

rugae  of,  593 
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StomoLch— continued. 

serouB  coat  of,  590 

shape  of,  589 

structure  of,  590 

submucous  coat  of,  591 

vessels  of,  597 
Stomata    {arSim^    a   raoutli)    in    seroot 

membranes,  203,  216 
Stomodicum,  813,  883 
Stratum  cinereum,  320 

^nulosum,  361 

lutcrmedium  of   crusta   pcdnncnli, 
316 

laciniosnm,  361 

lomnisci,  320 

lucidum  of  epidermis,  237 

opticum,  320 

radiatum,  361 

zonale,  320 
Stria  pinealis,  322 

terminalis,  344,  352 

vascularis,  459 
Strife  acusticne,  291 

loDgituJinal,   lateral    and    mesial, 
of  corpus  callosuui,  342 

medollares,  291 
Stroma  ((rrpA/ia,   a  bed)  of  blood  cor- 
puscles, 26 

intcrtubular  of  kidnc3r8,  659 

of  ovaries,  716 

of  sunrarcnal  bodies,  645 
Structural  elements  of  the  body,  2 
Subarachnoid  fluid,  376 

space,  376 

trabeculaj,  376,  377 
Subcutaneous  tissue,  55,  239 
Subdural  space,  371 
Sublingual  gland,  577 

vessels  and  nerves  of,  57S 
Snblobular  veins  of  liver,  630 
Submaxillary  gland,  576 

duct  of,  576 

vessels  and  nerves  of,  577 
Submucous  tissue,  55,  231 
Subserous  tissue,  55,  215 
Substantia  fermginea,  304 

gelatinosa,  266,  270,  274 

^latinosA  centralis,  275 

innominata,  325 

nigra,  315.  317 

spongiosa,  271 
Subthalamic  tegmental  region,  326 
Subzonal  membrane,  770 
Sudoriferous  glands,  252 

development  of,  254 

distribution  of,  2^3 
Sulci  (furrows)   of  the  cerebral  hemi- 
spheres, 3p,  331 

calloso-margmal,  338 

central,  332 

deTelopnicnt  of,  835 

frontal,  335 

interlobar,  J31 

intraparietaJ,  336 

occipital,  337 


Sulci  of  the  cerebral  hemispheres— omi. 

of  the  island  of  Iteil,  333 

olfactory,  334,  336 

orbital,  336 

postcentral,  336 

prttcentral,  335 

primitive,  835 

secondary,  835 

temporo-sphenoidal,  338 

triradiate,  336 
Sulcus,  lateral,  of  cms  cerebri,  315 

oculomotorii,  315 
Suprarenal  bodies  or  capsules,  643 

accessory,  647 

blood-vessels  of,  645,  646,  647 

cortical  |>art  of,  645 

development  of,  840 

fibrous  investment  o(  644 

forms  and  positions  of,  643,  644 

function  of,  647 

hilus  of,  643 

lymphatics  of,  646 

medullary  part  of,  646 

nerves  of,  046,  647 

size  and  weight  of,  644 

structure  of,  644 
Sostentacular   tissue   of    nenre-centm, 

149 
Sustentaculum  lienis,  616 
Sweat  glands,  252 

Sympathetic  nerve.   See  Nerve,  Sympa- 
thetic. 
Synovia,  219 
Synovial  bursop.  219 

cajtsules  of  joints,  219 
fohls  or  fringes,  219,  221 
membranes,  218 
articular,  219 
development  of,  222 
lymphatics  of,  222 
marginal  zone  of,  221 
nerves  of,  222 
relation  of,  to  articolar  carti* 

lage,  80 
structure  of,  221 
vaginal,  219 
vessels  of,  222 
sheaths,  219 
villi,  222 
Systems,  oi^anic,  2 


Tachk  embryonnaire,  756 
Tactile  {iadus,  touch)  cells,  161 

corpuscles,  161,  162,  243 
of  birds,  171 
distribution  of,  164 

menisci,  258 

papillae,  243 
Tenia  {rmvioL,  a  band)  fomids,  322 

hipjKMjampi,  346,  348 

pontis,  327 

scmicircularis,  344,  348,  352 
Tsnis  tectiB,  342 
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Tarsal  (rapo6t,  a  broad  flat  surfSftce)  car- 
tilages, 584 
Taste-bnds,  567 

distribution  of,  56S 
Tectorial  membrano,  462,  465 
Teeth,  arran|rcment  of,  in  jaws,  545 

changes  in,  during  growth  of  jawF, 

563 
characters  of,  general,  545 
formation  of,  555 
hard  tissues  of,  550 

formation  of,  5 58 
permanent,  545 

calcification  of,  563 

development  of,  561 

eruption  of,  563 
pulp  of,  550 
structure  of,  549 
temiwrary,  S45»  549 

development  of,  55$ 

eruption  of,  560 

shedding  of,  562 
Tegmentum  (covering)  of  crura  cerebri, 

nucleus  of,  318 
Tela  choroidea  (the  choroid  web),  545 
Tendon  (t€(kw,  I  stretch),  66 

connection  of,  with  muscle,  130 

nerve-endings  in,  174 
Tenon,  capsule  of,  391 
Tensor  tymjMini,  442 
Tentorium  (a  tent)  cerebelli,  571 
Testes  (testicles),  681,  685 

blood-vesstla  of,  690,  696 

capsule  of,  686 

coverings  of,  6S2 

descent  of,  908 

development  of,  894,  899 

excretory  duct  of,  693 

interstitial  cells  of,  690 
tissue  of,  690 

lymphatics  of,  697 

lym])h-spacos  of,  690 

nen'es  of,  697 

shape,  size,  uud  position  of,  6S5 

structure  of,  686 

tubules  of,  sominireroiis,  6S7 

weight  of,  685 
Textiu-es  in  general,  i 

euumerati(m  of,  i 

intercellular  sul>stan<.-'.'  of,  2 

regenerntidii  f»f,  22 

stnictural  I'lenients  of,  2 

waste  of,  22 
Tlialaincnccphalon  (tlialamus;  iyKt<pa\ov, 

the  brain),  826,  830 
Thalaimi.s  (beil!  ojiticus,  324,  344 
Thcca  (slntath)  of  .spinal  cord,  259,  372 
Thoracic  duct,  s^ 

struotuif  of,  204 

visci-ni,  477 
Thyinus  gland  or  borly,  541 

dfVflopnii'iit  «;r,  iSSy 

lolx'S  of,    5|I 

Vessels  and  lurvos  v:',  5.^3 


ThjTO- arytenoid  ligaments,  527 
Thyro-hyoid  arch,  S15 

membrane,  526 
Thyroid     (^wpeJj,    a    shield)     ■    rtil 
$22 
gland  or  l>ody,  538 
development  of,  539 
fluiil  of,  539 
lobes  of,  538,  539 
pathological  changes  in,  540 
position  of,  538 
stnieture  of,  539 
vessels  and  nerves  of,  540 
weight  of,  539 
Tissues.     iS*:c  Textures. 
Tomentum     (Hook    of  wool,  hair,     i 

cerebri,  375 
Tongue,  J65 

developiin'nt  of,  81S 
dorsum  of,  565 
fra?num  of,  565 
glamls  of,  570 
lymphoid  tissue  of,  571 
mucous  membrane  of,  565 
muscles  of,  571 
nerves  of,  572 
papilla*  of,  565 

cireum vallate,  566 
conical,  56S 
filifonn,  569 
fungiform,  568 
raphe  of,  565 
septum  of,  572 
vessels  of,  572 
Tonsils,  574 
Touch-bmlies,  162 

TralKTulai  (dim.   from   trals,    a    bc! 
cranii,  808 
of  corpus  cavernasum,  673 
of  lyinp'.iatic  glands,  21 1 
of splien,  639 
Tr.ibs  cerebri  Uornus  <Mllosum'),  342 
Traclu-a  {rpaxvs,  rough  ;  nrirria  ttiicl 
tin*  rou^h  artiT}-',  507 
cartilagi's  of,  511 
cliani^'is  in  alter  birth,  50S 
dfvrlopiiM'iit  of,  887 
elastir  tissu..'  of.  513 
epithi'lium  nf,  513 
foital  iMiii-litioii  o\\  508 
glau«ls  of,  514 
iiifasun-nii  iils  of,  507 
nuu''»u^  in«'ni1»r.in«'  «)f,  513 
nuisrul.ir  tixuo  of,  513 
rrlat;«iii>i  (.f,  50S 
situatii-n  of.  507 
fitnn-jui-  of,  511 
vi-<s''I.-*  aihl  111  rves  of,  514 
Tract,  (;..ir>.  279 

of  fi ;](■{,  J.JO 
ol:'.u't..'.v,  ^f'^i 

opiir.    -.^^^ 

lat.i.;!  ..r.l-.-!l.ir,  27S.  2^:,  2o<? 
]n-ii' i| -il  of  ..ittj  ri.»r  ;'-»luiii»i,  ^7-^ 
l-v  :Mn.i:i;i!,  J77,  278,  2.ji» 
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Vesicle,  {i^miinal,  17 

umbilical,  764 

uri  ■  ry,  766 
Vfsico-Uworinc  folds,  710 
Vosioula  i>rostatica,  907 
Vciicuhc  ttcmiuali's,  695 

vessels  ami  nerves  of,  697 
Vestibule  of  ear,  446 

moiiibraiious,  449 

of  vulva,  701 
A'l'stipjium  foraniinis  ovalis,  4S3 
Vibrissiu,  469 
VitMisseus,  valve  of,  304 
Villi  {vil/i(s,  shaggy  hair),  234 
dcvelo|iiiieiit  of,  8b2 

anichiioidal,  379 

of  small  iutestiue,  600,  601 
Visceral  arches,  815,  816 

destination  of,  S16 

clefts,  816 

wall  of  embrj'o,  751 
Visual  purple,  408,  417,  418 
Vitelline  {vitellus^  yolk),  duct,  764,  880 

granules,  732 

veins,  871 
Vitel'us,  17,  732 
Vitreous  {ritruta^  glass)  boily,  422 

development  of,  848 
Vocal  cords,  false,  528,  530 

true,  527,  528,  530 
length  of,  531 
Voice,  organ  of,  522.     Sec  Laiiynx. 
Voluntary  muscle,  118 
Vortex  of  heart,  495 
Vulva,  699 

blood-vessels  and  nerves  of,  703 

erectile  tissue  of,  702 

vestibule  of,  701 


Wateb-bbetle,   structure  of  muscular 

fibres  of,  124 
Wharton's  duct,  576 

jelly,  69 
White  fibres  of  connective  tissue,  57 
Whorl  of  the  heart,  495 
Windpipe,  507 
Winslow,  foramen  of,  727 
Wisdom  teeth,  548 
Wolffian  bodies,  889,  890,  906 
parts  foiiiied  from,  911 

duct,  891 

]>arts  formed  from,  894,  904, 911 

tubes,  892 
Womb,  705.     See  Uterus. 
Wrisl)erg,  cjirtilages  of,  525 


Y«>LK,  17,  722,  733 
-corpuscles,  733 
-membrane,  732 
-rest,  756,  761 
-sac,  763 

Zimmerman,  elementary  particles  of,  32 
dcAclopment  of  red  cor- 
puscles from,  38 

Zona  iucerta,  326 
fasciculata,  645 
glomenilosa,  645 
l)elluciila,  17,  734 
roticulaiis,  645 

Zonula  ciliaiis,  423 
of  Zinn,  423 

Zooid  (C^^y,  a  living  Ixing),  28 

Zymogen  {(vfirif  ferment ;  ytyvaatf  I  pro- 
duce), 225 
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